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1. [bookmark: _Ref521334010]Introduction
This document summarizes the discussions under the following email thread.
[109-e-R18-Duplex-03] Email discussion on subband non-overlapping full duplex by May 20 – Yanping (CATT)
· Check points: May 12, May 18, May 20

In this summary, SBFD is used to denote subband non-overlapping full duplex, which is used by majority companies in the input contributions [2]-[32] and TR skeleton in [33].
2. UL/DL resource partition for SBFD operation
This section discusses UL/DL time and frequency resource partition for SBFD (subband non-overlapping full duplex) operation at gNB side. Note that whether/how UL/DL time and frequency resource partition is informed to UE is separately discussed in section 3. 
2.1. SBFD operation within a carrier vs. across carriers
2.1.1. 1st round discussion
According to the justification section of the SID [1], SBFD operation is within a conventional TDD band at gNB side.
	TDD is widely used in commercial NR deployments. In TDD, the time domain resource is split between downlink and uplink. Allocation of a limited time duration for the uplink in TDD would result in reduced coverage, increased latency and reduced capacity. As a possible enhancement on this limitation of the conventional TDD operation, it would be worth studying the feasibility of allowing the simultaneous existence of downlink and uplink, a.k.a. full duplex, or more specifically, subband non-overlapping full duplex at the gNB side within a conventional TDD band.


SBFD operation across different carriers are discussed in [3], [15] and [30].
ZTE proposes to consider SBFD operation for intra-band contiguous and non-contiguous frequency spectrum scenarios in Rel-18 and strive for a unified solution in [3]. Ericsson assumes SBFD operation within a carrier for a baseline SBFD solution and does not focus on simultaneous transmission/reception on different carriers in [15]. Intel proposes that RAN1 should prioritize the study of SBFD operation within a carrier while SBFD operation on multiple carriers (intra-band CA with different TDD UL/DL configurations) can be studied with lower priority in [30].
[image: ]
Figure 2‑1: SBFD operation across different carriers within a TDD band [30]
Many other companies assume SBFD operation within a carrier although they did not explicitly compare SBFD operation within a carrier with SBFD operation across different carriers. 
It seems that it is common understanding that SBFD operation within a carrier should be studied, while it is not clear whether companies are also interested to consider SBFD operation across different carriers in Rel-18 study.

Proposal 2-1:
Study subband non-overlapping full duplex operation within a TDD carrier. 
· FFS subband non-overlapping full duplex operation across different carriers within a TDD band

	
	Company

	Support
	Sony, IDC, Sharp, QC, New H3C, vivo, NEC,  Xiaomi, Ericsson, Spreadtrum, CATT, Panasonic, Intel, ITRI, Lenovo, ETRI, Samsung, CMCC, DOCOMO, WILUS, CEWiT, KDDI, Nokia, NSB, MediaTek, LG Electronics

	Not support
	



	Company
	Comments

	InterDigital
	The terminology “subband” here is for discussion purpose only, and the considered DL region (subband) and UL region (subband) can be a “group of RBs” level which can be flexibly configured/indicated by gNB (e.g., by an extended form of SFI). Additionally, BWP-level SBFD can also be studied. These are all anyway within a TDD carrier.

	QC
	The study should focus mainly on SBFD within at TDD carrier. 

	vivo
	We do not think “intra-band CA with different TDD UL/DL configurations” is within the scope of the current SI. 

	Xiaomi
	We share the views that SBFD should be within a carrier.  CA with different TDD configurations is not in the scope of SBFD.

	Ericsson
	Agree with Proposal 2-1 that SBFD within a carrier should be prioritized. SBFD across carriers can be treated as 2nd priority. SBFD across carriers comes with some built in assumptions which may not hold in practice. For example, in Figure 2-1 above, it would imply UL Carrier Aggregation across 3 carriers to make use of the UL-only slot, and it is not clear that all UEs support such functionality. Hence the baseline should be SBFD within a carrier.

A minor editorial comment: The main bullet of Proposal 2-1 says "Study" and the sub-bullet says FFS, which is also means "study." We assume that the intention is to attach priorities. Maybe this can be clarified in the proposal (and other proposals too). 

	Spreadtrum
	Subbands refer to some frequency regions that within a carrier, which divide the whole carrier bandwidth into several parts can have different UL/DL operations. From this understanding, we think SBFD means within a carrier. 

	CATT
	Our understanding of SBFD across carriers is intra-band CA with different TDD UL/DL configurations.

	ITRI
	SBFD within at TDD carrier is the first priority

	ZTE
	We are not sure about the difference between “study” and “FFS”. From our perspective, both of them are to be further studied. However, if the intention of “FFS” is to make “FFS” as a second level priority, then we are not OK with this proposal.
Companies even haven’t shown the detailed solution for both “within a TDD carrier” or “across different carriers”, RAN1 should at least discuss some details for different solutions first and try to compare different solutions technically. And then we can further down-select.
We propose the following.
Study subband non-overlapping full duplex operation within a TDD carrier. 
Study subband non-overlapping full duplex operation across different carriers within a TDD band


	Samsung
	Note to FL: [10] also discusses SBFD using single carrier vs. inter-band contiguous or non-contiguous TDD CA. In addition, it is also possible to consider the use of a SUL configuration for SBFD.
We support the FL proposal that SBFD operation should be studied using a single TDD carrier. There are several immediate drawbacks when using intra-band CA for SBFD: SE penalty from inter-CC guard-bands compared to single carrier case, inter-CC scheduling restrictions due to simultaneous Tx/Rx not supported by UE and increased UE complexity. It is much preferable to avoid that intra-band CA support by the UE becomes a prerequisite to SBFD deployment by the operator. Therefore, single carrier for SBFD operation should be baseline for the R18 SI evaluation without later precluding the use of intra-band CA or SUL where meaningful and possible to do so, e.g., FR2. 
We propose to modify the FFS part of Proposal 2-1 as follows:
“SBFD can be configured in the UE channel BW of a single NR carrier. Further study the potential benefits and impacts when using intra-band CA or configuring SUL for SBFD.”

	CMCC
	Considering the workload of this SI, SBFD in single carrier should be as high priority.

	Nokia, NSB
	The study should focus on SBFD within a TDD carrier, though the required changes in specifications and requirements may be applicable to both SBFD within at TDD carrier and intra-band CA across different carriers with different TDD configurations. 

	Huawei, HiSilicon
	Fine to study SBFD within a carrier. SBFD across different CCs is also interesting given that this may simply the UL-DL TDD configurations, potential collision handling rules and may also ease the discussions on requirement in RAN4.

	MediaTek
	Agree with the FL proposal.

	Apple
	Do not agree. This is out of scope.

	LG Electronics
	We are fine with FL proposal.



Companies are invited to share your views on the study of SBFD operation across different carriers within a TDD band in Rel-18.
Question 2-1:
Which option should be adopted for study of SBFD operation across different carriers within a TDD band?
· Option 1: Study subband non-overlapping full duplex operation across different carriers within a TDD band and subband non-overlapping full duplex operation within a TDD carrier with equal priority.
· Option 2: Study subband non-overlapping full duplex operation across different carriers within a TDD band with lower priority.
· Option 3: Subband non-overlapping full duplex operation across different carriers within a TDD band is not considered in Rel-18.

	
	Company

	Option 1
	NEC, OPPO (if question is asked for the whole SI across all involved WGs), ZTE, KDDI

	Option 2
	Sony, IDC, QC, New H3C, OPPO (if question is asked for RAN1 priority), Ericsson, Spreadtrum, CATT, Panasonic, Intel, ITRI, Lenovo, ETRI, Samsung, CMCC, DOCOMO, WILUS, Nokia, NSB, MediaTek, SK Telecom

	Option 3
	Sharp, vivo, Xiaomi, LG Electronics



	Company
	Comments

	InterDigital
	The terminology “subband” here is for discussion purpose only, and the considered DL region (subband) and UL region (subband) can be a “group of RBs” level which can be flexibly configured/indicated by gNB (e.g., by an extended form of SFI). Additionally, BWP-level SBFD can also be studied. These are all anyway within a TDD carrier.

	Sharp
	SFBD with different carriers requires guard bands between subbands (i.e., carriers for this case) in all slots although the guard bands are not necessary for non-SFBD region. Here, SFBD region is a time region which potentially be able to be utilized for SFBD and non-SFBD region is a time region which is not utilized for SFBD. The unnecessary guard bands cause system capacity loss which should be one of the main targets for this SI.  

	QC
	We believe that non-CA based SBFD (i.e. SBFD within a TDD carrier) should be fully reused to define the CA-based SBFD.

	vivo
	We do not think “intra-band CA with different TDD UL/DL configurations” is within the scope of the current SI. 

	NEC
	For initial study it is not desirable to exclude the scenario of SBFD over different carriers. We need to study advantages and disadvantages of all 3 scenarios: 
· SBFD within single BWP
· SBFD across different BWPs but within same carrier
· SBFD across different carriers

	Xiaomi
	We share same views as vivo. We don’t think CA-based SBFD should be considered. It is not only out of scope but also introducing impacts on CA operation.  

	OPPO
	If the question is about the whole SI including the one in RAN4, Option 1 should be selected.  For example, RAN4 needs to assess whether the existing ACIR needs some change in case of SBFD, especially when the adjacent carriers belong to different operators.  

	Ericsson
	We support Option 2.
We want to clarify one thing. In Question 2-1, our understanding is that "SBFD across carriers" means that different carriers would have different TDD UL/DL patterns, e.g., CC1/3 would have D-D-D-D-U and CC2 would have D-U-U-U-U. This is in contrast to 3 carriers where all 3 would have the same TDD UL/DL pattern. We think the former should be lower priority, but for the latter there is no need to de-prioritize since it is just a straightforward extension of SBFD within a carrier. In that sense we agree with Qualcomm's statement if that is what they mean by "fully reused."

	Spreadtrum
	Proposal 2-1 is with higher priority, after that if the SBFD can be directly reused for carriers, we are also fine. 

	ITRI
	SBFD within at TDD carrier is the first priority

	Intel 
	We think it is reasonable to first focus on SBFD within a carrier. After that, if time permits, we can check whether the mechanism can be directly applied for CA-based SBFD case and any additional mechanism is needed. Further, it may be more appropriate that RAN4 performs evaluations for the intra-band-inter-carrier scenarios than RAN1.

	Lenovo
	Methods developed for SBFD within a carrier can be reused for SBFD across carriers later.

	ZTE
	At this stage, we don’t see any clear necessity to rule out any potential solutions. RAN1 should encourage companies to provide detailed solutions and then compare them technically.

	Samsung
	We think that completely ruling out SBFD using intra-band CA in the R18 SI (Option 3) would be premature, e.g., FR2 and UE multi-beam simultaneous reception and multiple Rx chains. On the other hand, SBFD operation using single carrier should have highest priority. It is also not meaningful to give single carrier vs. intra-band CA the same priority from the resulting additional workload to conduct the system level evaluation part. This is best avoided.
What we are missing in the 1st round FL summary is some general functional requirements for SBFD operation. SBFD operation by the gNB should not be disruptive to existing deployments, e.g., when the TDD cell is operated with SFBD using single carrier, then it must still be able to serve as PCell, SCell or SpCell in FR1 inter-band and the FR1-FR2 CA scenarios for the legacy and newer release UEs. Another requirement that seems important to capture is that SBFD operation using single-carrier should be supported for UEs supporting a single BWP (FG6-0) and aligned DL-UL centre frequency. UE complexity in the RF should not increase when operating in the TDD cell with SBFD. We should try to capture such design requirements in 2nd round discussions.

	CMCC
	Half-duplex CA has been supported in Rel-16, some further enhancements on top of it can be studied in this SI with low priority if time permits.

	Nokia, NSB
	Agree with Qualcomm (see also our comments to Proposal 2-1)

	Huawei, HiSilicon
	As mentioned above, in the case of CA, the legacy UL/DL TDD configuration can be reused in each carrier, and different TDD UL/DL configurations can be used in different carriers. Most likely, the collision handling rules introduced in Rel-16 can also be reused.

	MediaTek
	The study can focus on subband non-overlapping full duplex operation within a TDD carrier at the start, and can be extended at later stage to CA-based SBFD.

	Apple
	Option 3. In our view the scope of SBFD is within a TDD carrier (and CA is out of scope) 

	LG Electronics
	At this stage, it is not clear whether non CA-based SBFD can be fully re-used. But, we think if non CA-based SBFD can be fully re-used, study for CA-based SBFD is not necessary in RAN1. Maybe, study in RAN4 is necessary to support CA-based SBFD. 
We prefer to focus on only SBFD within a carrier.



2.1.2. 2nd round discussion
In 1st round discussion, although companies support proposal 2-1 in general, companies have different views on SBFD across carriers (intra-band CA with different TDD UL/DL configurations). Majority companies think the study should focus on/prioritize SBFD within a TDD carrier and two companies think intra-band CA with different TDD UL/DL configurations is not within the scope of the SI. Three companies prefer to study both SBFD within a carrier and across carriers with same priority.
It is not clear whether companies have the same understanding on the carrier in the discussion and it may be good to align the understanding first.
As shown in Figure 2‑2, assuming there are three aggregated carriers each with 100MHz in legacy TDD system as shown in the left figure, there are two cases of SBFD across carriers (intra-band CA with different TDD UL/DL configurations). 
· Case 1: SBFD operation across legacy TDD carriers without SBFD operation within a legacy TDD carrier
Case 1 shown in the middle enable SBFD across legacy TDD carriers while in a single TDD carrier, there is no SBFD operation. 
· Case 2: SBFD operation within a legacy TDD carriers by CA-based SBFD scheme
Case 2 shown in the right figure enable SBFD within a TDD carrier which is Scheme #4 CA based SBFD in section 3.2. 


[bookmark: _Ref103320779]Figure 2‑2: SBFD across carriers case 1 & case2

The intention of the original proposal was to de-prioritize Case 1 only. In addition, based on the inputs, it seems that several companies are interested in studying CA-based SBFD scheme. So it is proposed that we first agree on whether to study Case 1.
Updated Proposal 2-1:
Study subband non-overlapping full duplex operation within a legacy TDD carrier. 
· FFS whether subband non-overlapping full duplex operation across different legacy carriers within a TDD band is considered.

	
	Company

	Support
	New H3C, DOCOMO, NEC, vivo, Intel, Panasonic, Xiaomi, CATT, Sony, Spreadtrum, CMCC, ZTE, Lenovo, Ericsson (FFS bullet needs clarification), OPPO, Sharp, QC, Samsung (modified wording), ITRI, Nokia, NSB, IDC

	Not support
	



For the FFS part, please indicate whether you support to not consider SBFD across legacy TDD carriers or consider SBFD across legacy TDD carriers with low priority.
	
	Company

	Not considered
	Vivo, Sharp

	Considered with low priority
	New H3C, DOCOMO, NEC, Intel, Panasonic, Xiaomi, Sony, Spreadtrum, CMCC, ZTE, Lenovo, Ericsson (FFS bullet needs clarification), QC, SK Telecom, ITRI, Nokia, NSB, IDC



	Company
	Comments

	New H3C
	SBFD with across different legacy carriers within a TDD band should be considered after the group completed studying SBFD in a TDD carrier because SBFD current is in SI stage and should study possible proposed scenarios.

	NEC
	Similar view as New H3C. We would not like to rule out SBFD across different carriers at this point of study. In addition, it is not clear to us why we emphasize ‘legacy TDD carrier’ here. In our understanding, the essential point is whether we consider SBFD in single carrier or multiple carriers no matter it is a legacy carrier or not. In order to make it more general, we suggest removing ‘legacy’ in the main bullet and FFS.


	Vivo
	The intra-band CA with different TDD UL/DL configurations is not in the study scope, hence no need to consider it. We propose to delete the FFS.
FFS whether subband non-overlapping full duplex operation across different legacy carriers within a TDD band is considered.

	Intel 
	Case 1 can be studied after we finish the study of SBFD within a carrier, if time allows. Further, it may be more appropriate that RAN4 performs evaluations for case 1 than RAN1.
Besides, in our understanding, case 2 is scheme #4 under section 3.2, which would be more challenge than case 1, and have larger impact on legacy UE. 

	Xiaomi
	Agree with vivo. We don’t think we need to consider the FFS point. Intra-band CA with carriers configured different UL-DL TDD configurations should be discussed in HF-CA. It should not be handled in duplex enhancement. 

	Sony
	I share similar views with New H3C and Intel that SBFD across different carriers within a TDD band should be only studied if there is time left after single carrier case is completed.

	Spreadtrum
	SBFD within a carrier is with higher priority, after that if the SBFD can be directly reused for carriers, we are also fine.

	ZTE
	We can first focus on the SBFD operation within one legacy TDD carrier. 

	Lenovo
	For intra-band CA based SBFD, UE behaviour may be similar to SBFD within a carrier, since UE does not expect to transmit in one carrier and receive in another carrier simultaneously. Thus, SBFD within a carrier can be extended to SBFD across multiple carriers later. 

	Ericsson
	Thank-you to the moderator for illustrating the different cases of “SBFD across carriers.” It is good to try to achieve common understanding. However, in our view Case 1 and Case 2 are the same – both have 3 CCs, and the TDD pattern is different on CC1/3 compared to CC2; the only difference is the CC bandwidths between Case 1 and 2. In Case 1, the CC bandwidths are all 100 MHz. In Case 2, the CC bandwidths are 40, 20, 40 MHz.
In summary, we support at least the main bullet of Updated Proposal 2-1.
If the intention of the FFS is to exclude Case 1, but FFS on Case 2, we don’t think the updated wording achieves that. In our read, both Case 1 and 2 would still be open for study based on our comment above.
We are open to further discuss “SBFD across carriers”, but we think it should be with lower priority.

	OPPO
	In case of SBFD across legacy TDD carriers with no SBFD in any single carrier, current physical procedure in one carrier can be reused directly. And the key issue in this scenario is handling of adjacent carrier interference, which means the major related work are with RAN4. So SBFD across legacy TDD carriers can start in RAN4. RAN1 can trigger the work based on RAN4 input if any.

	Sharp
	We are fine with the updated Proposal 2-1. On the other hand, we have similar view with Ericsson that the updated Proposal 2-1 put both Case 1 and Case 2 as FFS. We don’t think 100 MHz as legacy carrier. Legacy carrier is a bandwidth in one component carrier. 

	QC
	Both cases shall be studied. However, the study should focus first on SBFD within at TDD carrier. Then, the CA-based SBFD could be defined by fully reusing the non-CA based SBFD (i.e., SBFD within a TDD carrier).

	SK Telecom
	We are support both case studies. There are a lot of use cases for SBFB. The study should focus case 2 for extended coverage and real time services.

	Samsung
	We support the intent of the proposal but suggest different wording to align with existing 3GPP terminology. We see the focus of evaluation efforts in the R18 SID on SBFD for the single carrier case (Case 1). We don’t think it should be precluded to consider SBFD through CA (Case 2), but only as a second priority.
We suggest slightly different wording. 
(Modified) Proposal 2-1:
“Study subband non-overlapping full duplex operation when configured in the UE channel bandwidth. 
FFS: subband non-overlapping full duplex operation when configured in the Aggregated BS Channel Bandwidth in an NR operating band.”

	Nokia, NSB
	It could be clarified in the FFS that “subband non-overlapping full duplex operation across different legacy carriers within a TDD band” essentially corresponds to enable CA between carriers with different TDD configurations within a TDD band. 

	Huawei, HiSilicon
	Our views is that the SBFD operation within one carrier and across different carriers can both be studied since both of them are within of the scope of the SI. It is not clear putting an FFS on the SBFD operation across different carriers means. 

	InterDigital
	SBFD operation within a legacy TDD carrier should be focused first.



2.2. Subband time-frequency location
2.2.1. Subband time location
2.2.1.1. 1st round discussion
In conventional TDD systems, UL and DL within a TDD carrier are split in time domain and symbols are divided into DL, UL and flexible symbols, where flexible symbols are used as guard period for DL-UL switching [18]. 
Study of UL subband in legacy DL symbol(s) is widely supported by companies although companies have different views on whether UL subband is in every DL symbol or in a subset of the DL symbols, e.g. it is assumed in [15] that UL subband is configured in all DL symbols, i.e. there are no DL-only symbols. In addition, DL symbols/slots including SSBs are considered to be not available for SBFD operation due to UE backwards compatibility considerations in [10].
With UL subband in DL symbol(s), it seems that the UL subband in flexible symbol(s) is also feasible since DL-UL switching is not needed within UL subband. 
Several companies [7][9][10][22][28][30] have some reservations on DL subband in legacy UL symbol(s) due to unclear motivation, UL resource fragmentation, potential CLI to UL reception for legacy gNB with conventional TDD etc.

Proposal 2-2:
Study subband non-overlapping full duplex operation (UL subband) in legacy DL and flexible symbol(s). 
· FFS UL subband in all legacy DL and flexible symbols or in a subset of all legacy DL and flexible symbols
· FFS subband non-overlapping full duplex operation (DL subband) in legacy UL symbol(s)

	
	Company

	Support
	Sony, IDC, Sharp, New H3C, NEC, Xiaomi, Ericsson (with revision), Spreadtrum, CATT, Panasonic, Intel, ITRI, CMCC, DOCOMO, WILUS, KDDI, Nokia, NSB,  MediaTek (with revision), LG Electronics

	Not support
	QC, vivo, OPPO, Lenovo, Samsung, CEWiT



	Company
	Comments

	Sony
	Unclear why we need to restrict that UL subband must be in all legacy DL & flexible symbols.  This should be something that is configurable.

	InterDigital
	Similar view with Sony. It is flexible enough that gNB can configure multiple candidate new slot formats, each having flexible DL/UL regions (set of RBs), and then dynamically indicate/select one out of the multiple, e.g., by DCI. With this, gNB can control any intended UE behavior, meaning it is just an unnecessary restriction when preventing some legacy UL symbols, etc., as long as such configuration flexibility (selecting one out of the multiple) is given at the gNB side.

	QC
	That is a study item not a work item. It is too early to preclude DL subband configurations within legacy UL slot only based on statements without proper analysis. 
We believe that both schemes of subband in legacy DL slot and UL slots should be studied. Then based on the study outcome, proper conclusion should be made.
In addition, the UL subband shouldn’t be applied in all legacy DL slots. Still some legacy DL slots are needed for legacy operation.

	vivo
	We would like to comment that at least the subband non-overlapping full duplex operation (DL subband) in legacy flexible symbol(s) can be supported. 
About whether subband non-overlapping full duplex operation (DL subband) can be supported in legacy UL symbol(s), we think it is beneficial to support it to improve the DL performance from throughput and latency perspective especially if all neighbor cells are deploying SBFD. If the DL/UL subband configuration (including the frequency and time domain range) is configurable and decided by the gNB, then there is no need to restrict it. 
And this is the first meeting of the SI, it is not clear what is the difference between study (main bullet) and FFS (in the sub-bullet), we suggest to not exclude any possible operation at current stage. Furthermore, the 1st sub-bullet seems not needed as it is not excluded by the main bullet. 
We propose the following update
Updated Proposal 2-2:
Study subband non-overlapping full duplex operation (UL subband) in legacy DL and flexible symbol(s). 
· FFS UL subband in all legacy DL and flexible symbols or in a subset of all legacy DL and flexible symbols
Study subband non-overlapping full duplex operation (DL subband) in legacy UL symbol(s)


	Xiaomi
	We share same views with Sony and IDC. From our understanding, which DL symbols or flexible symbols can be occupied by UL subband is up to configuration. Regarding the argument that some DL slots are needed for legacy operation from Qualcomm, we think it can be handled by proper UL subband configuration. The principle of SBFD should be no impacts on legacy operation.
For the second FFS, we don’t support it from the aspect of no motivation and more impacts on legacy UL transmission. Regarding the argument that it can improve the DL performance, we are not convinced as a DL dominated UL-DL TDD configuration can be configured at the first place to guarantee DL performance. I think this is the typical use case for UL subband.

	OPPO
	Our major concern is that the above proposal, if stated from UE perspective, unnecessarily makes the Rel-18 duplex non-transparent to UE. The UE in the current spec would not see any UL grant in legacy DL symbols. We can be ok to the following revision. 
Proposal 2-2 (revision):
Study subband non-overlapping full duplex operation (UL subband) in legacy DL and flexible symbol(s) from gNB perspective. 
· FFS UL subband in all legacy DL and flexible symbols or in a subset of all legacy DL and flexible symbols
· FFS subband non-overlapping full duplex operation (DL subband) in legacy UL and flexible symbol(s) from gNB perspective.  

	Ericsson
	Comment #1:
We think that 'D' subband in a legacy UL slot is not motivated. The intention of this study item (see Justification section in WID) is to provide more UL opportunities to improve UL coverage and latency. It is out-of-scope to consider increased DL opportunities, since DL is not the bottleneck according to the justification in the SID:
TDD is widely used in commercial NR deployments. In TDD, the time domain resource is split between downlink and uplink. Allocation of a limited time duration for the uplink in TDD would result in reduced coverage, increased latency and reduced capacity. As a possible enhancement on this limitation of the conventional TDD operation, it would be worth studying the feasibility of allowing the simultaneous existence of downlink and uplink, a.k.a. full duplex, or more specifically, subband non-overlapping full duplex at the gNB side within a conventional TDD band.
Furthermore, allowing 'D' subband in legacy UL slot creates gNB-gNB CLI toward a legacy (static TDD) operator, which is undesirable from a coexistence perspective.
Comment #2:
We think that it requires more discussion on how to handle 'F' symbols/slots. It is not clear that legacy UEs fully support or are fully tested to be able to operate with undetermined UL/DL direction (even though it is supported by the spec) for more than just a guard time. Most (if not all) deployments to date are static TDD where the UL/DL direction is known in advance. Hence as a first step, we should prioritize at least UL subband in a DL symbol, and then further discuss how 'F' symbols should be used.

Based on the above comments we suggest the following revision:
Proposal 2-2 (modified)
Study subband non-overlapping full duplex operation (UL subband) in legacy DL and flexible symbol(s). 
· FFS UL subband in all legacy DL and flexible symbols or in a subset of all legacy DL and flexible symbols
· FFS Whether/how SBFD operates in flexible symbols, considering legacy UE support of flexible symbols for more than just a guard period
· FFS subband non-overlapping full duplex operation (DL subband) in legacy UL symbol(s)


	Spreadtrum
	If the intention is only study the semi-static D->UL, and flexible-> UL as the higher priority, we are fine. Because from the justification of the SID, the main benefit is to increase the UL coverage, UL delay etc. For the case of semi-static U->DL, it can be concluded into lower priority. 

	Intel 
	For DL subband in UL symbol, we fail to understand how such configuration can improve UL. The motivation of Rel-18 duplex SI is clearly captured in justification part, which is to improve UL, not to increase DL resource.  “In TDD, the time domain resource is split between downlink and uplink. Allocation of a limited time duration for the uplink in TDD would result in reduced coverage, increased latency and reduced capacity. As a possible enhancement on this limitation of the conventional TDD operation, it would be worth studying the feasibility of allowing the simultaneous existence of downlink and uplink, a.k.a. full duplex, or more specifically, subband non-overlapping full duplex at the gNB side within a conventional TDD band.”  
Besides, we clearly see the degradation of legacy gNB UL reception caused by DL subband in UL symbol, even if legacy TDD configuration is aligned. Clear justification and performance evaluation are needed to demonstrate the benefit of supporting DL subband in UL symbols, which in our view, is not worthy considering in Rel-18.

Regarding whether a subset of all DL symbols can be configured with SBFD operation, we’re fine to further study, considering potential impact on initial access or idle state.   

	ITRI
	For the first FFS, it should be configurable.
For the second FFS, both schemes of subband in legacy DL slot and UL slots should be studied.

	Lenovo
	We think both UL subband and DL subband should be studied. The suggested modifications are shown below:
Proposal 2-2:
Study subband non-overlapping full duplex operation (UL subband) in legacy DL and flexible symbol(s) and non-overlapping full duplex operation (DL subband) in legacy UL symbol(s). 
· FFS UL subband in all legacy DL and flexible symbols or in a subset of all legacy DL and flexible symbols
· FFS subband non-overlapping full duplex operation (DL subband) in legacy UL symbol(s)

	ZTE
	The definition of “UL subband” should be clarified first to reach common understanding among companies. Currently, “UL subband” seems to refer to “subband non-overlapping full duplex operation”. But it is a little bit confusing from our perspective. Similar issue for DL subband.
Also, agree with Sony, the time domain for FD operation should be configurable. 

	Samsung
	In urban macro and suburban macro deployment cases, it is expected that due to high Tx power and/or frequent LoS conditions for wide and medium area base station classes, gNB-to-gNB interference dominates. SBFD using DL subbands in UL slots is therefore less attractive than for small cell deployments like InH or InF using local area base station classes. Also, legacy UE should use the UL slot at least for random access procedure. If DL subband is introduced in the UL slot, we need to study how to ensure the legacy UE transmits PRACH, msg3 PUSCH, and PUCCH for mag4 PDSCH. At this end, the legacy UE’s UL performance may be degraded due to limited frequency hopping bandwidth, which should be avoided. 
It is also clear that assuming “all” DL or F symbols/slots are available for SBFD is not possible when considering SSBs and legacy UEs (EPRE assumptions). SI evaluations will show and allow proper conclusion for which deployments and assumptions the use of SFBD in D, F or U is meaningful and possible. The symbols/slots in which the SBFD UL subband can be configured by the gNB should be flexible. This is however more a Stage 3 design question.  
We propose modified Proposal 2-2:
Study subband non-overlapping full duplex operation (UL subband) in legacy DL and flexible symbol(s). 
- FFS UL subband in all legacy DL and flexible symbols or in a subset of all legacy DL and flexible symbols
- FFS subband non-overlapping full duplex operation (DL subband) in legacy UL symbol(s)

	CMCC
	Since the Tx power of gNB is much higher than UE, the adjacent channel CLI in full DL subband in legacy UL symbol(s) is much severer than UL subband in legacy DL symbols, it may not feasible to deploy it in coexistence scenario.

	WILUS
	Rel-18 Duplex is motivated from reduced coverage, increased latency, and reduced capacity of uplink in TDD. Therefore, study on subband non-overlapping full duplex operation (UL subband) in legacy DL and flexible symbol(s) should be prioritized.

	CEWiT
	We should study both UL and DL sub-bands to allow flexibility at the gNB. Further, SBFD operation should be configurable across slots. 

	Nokia, NSB
	Tend to agree with Sony and InterDigital. It is not clear what would be the reason to have a limitation on configuring UL sub-band in all DL symbols. Having DL-only symbols may facilitate operation with legacy UEs. Related to DL subband in UL symbols, our concern is that allowing DL transmissions in UL legacy symbols may be much more detrimental to legacy TDD operating in adjacent channel (as compared to allowing UL transmissions in DL legacy symbols). Also, as the main motivation for the SI is to improve UL capacity, coverage and latency, it makes sense to focus on enabling UL subband in DL legacy slots, though enabling DL subband in UL legacy slots may not be precluded. 

	Huawei, HiSilicon
	There are two main benefit of SBFD: one is to improve the UL coverage by utilizing more UL resources, the other is the latency reduction. Allowing the configurability of subband non-overlapping full duplex operation (DL subband) in legacy UL symbol(s) could potentially provide DL scheduling opportunities in UL symbols hence should also be studied. 
Overall, there is no need to put any restrictions on subband configuration at this early stage of the SI. One need to look into the detailed performance potentials, co-existence possibilities and specification impact.

	MediaTek
	We agree with the principle of the proposal, but the wording need to be revised.
Comment#1: Regarding this part of the proposal “in legacy DL and flexible symbol(s)”, in our view “DL symbols” or “DL slots” should mean these symbols are used as DL in another legacy cell/operator. For a gNB that wants to use these “DL symbols” or “DL slots” for SBFD (i.e., having UL subband in these symbols), it is expected to be indicate these symbols as flexible symbols. Otherwise, (i.e., if the gNB indicated these symbols as D), the gNB will not be able to use these symbols for SBFD. Hence, we suggest having proper definition of what “legacy DL” symbols means in the proposal.
Something like the following could be considered for the definition:
· DL symbols/slots: symbols/slots that are fully used for DL (by legacy gNB and SBFD gNB).
· Legacy DL symbols/slots: symbols/slots that are used for DL in legacy TDD gNB, and can be used for SBFD scheme (i.e., having UL RBs in these symbols).
· UL symbols/slots: symbols/slots that are fully used for UL (by legacy gNB and SBFD gNB).

Comment#2: As the justification of the SID is to increase the UL opportunities, having DL subbands in UL slots doesn’t seem aligned with the SID objective. Secondly, due to the high inter-gNB CLI, having DL subband in UL slots will cause issues to cells/operators with legacy TDD operation. Thus, avoiding DL subband in UL slots will eliminate the inter-gNB CLI towards a victim legacy cell/operation, which helps with the feasibility of SBFD in real deployments.

	Apple
	Support the intention, although the second FFS should be removed. DL sub-bands within legacy UL symbols is not aligned with the objectives defined for this SID (all related to UL enhancement) and for some scenarios can be left to gNB implementation anyway.

	LG Electronics
	Allowed maximum Tx power for legacy UL slots/symbols should be taken into account for determination whether legacy UL slots/symbols can be used to allow DL transmission from gNB with higher power than that of UEs.



Companies are invited to share your views on the study of SBFD operation (DL subband) in legacy UL symbol(s) in Rel-18.
Question 2-2:
Which option should be adopted for study of SBFD operation (DL subband) in legacy UL symbol(s)?
· Option 1: Study subband non-overlapping full duplex operation (DL subband) in legacy UL symbol(s) and subband non-overlapping full duplex operation (UL subband) in legacy DL and flexible symbol(s) with equal priority.
· Option 2: Study subband non-overlapping full duplex operation (DL subband) in legacy UL symbol(s) with lower priority.
· Option 3: Subband non-overlapping full duplex operation (DL subband) in legacy UL symbol(s) is not considered in Rel-18.

	
	Company

	Option 1
	QC, New H3C, vivo, OPPO (wait for regulation study in RAN4), Panasonic, ITRI, Lenovo, ETRI, ZTE, DOCOMO (1st preference), CEWiT

	Option 2
	Sony, IDC, NEC, Spreadtrum, DOCOMO (2nd preference) , Nokia, NSB

	Option 3
	Sharp, Xiaomi, Ericsson, CATT, Intel, Samsung, CMCC, WILUS, MediaTek, LG Electronics



	Company
	Comments

	InterDigital
	Similarly for P2-2, it is flexible enough that gNB can configure multiple candidate new slot formats, each having flexible DL/UL regions (set of RBs), and then dynamically indicate/select one out of the multiple, e.g., by DCI, as gNB can have the full flexibility to control the intended network operation. This issue on having some restrictions seems not so critical/urgent, although we are okay with Option 2 here, in principle, at this early phase.

	New H3C
	The SBFD DL in legacy UL or flexible can use the same concept as the SBFD UL in legacy DL or Flexible. We prefer to have the equal priority.

	vivo
	At least for non-coexistence scenario, e.g. all neighbour cells deploying SBFD, study of SBFD operation (DL subband) in legacy UL symbol(s) should have equal priority as the SBFD operation (UL subband) in legacy DL symbol(s). 

	NEC
	The main use case of introducing DL subband within UL slots is for the case when gNB is operating under UL dominant frame structure. This scenario is mainly applicable to the case of small cells deployment. Although this is a useful scenario, but it adds significant complications for legacy UEs whose UL transmissions would need to be robustly cancelled bv the gNB very frequently. Studying SBFD over DL and legacy slots can be more easily controlled from gNB.   

	Xiaomi
	We don’t see the motivation. More importantly, having a DL subband in a UL slot introduce much more significant impacts on legacy operation compared with having a UL subband in a UL subband in a DL slot. The reason is the gNB-to-gNB CLI is much more serious than UE-to-UE CLI.

	OPPO
	We oppose all options if they mean from UE perspective. 
Besides, before RAN1/RAN4 get a clear picture of regulation in various regions, it seems premature to focus on digging a UL resource in DL symbols while giving lower priority to having DL resource in UL symbols.

	Ericsson
	We think that 'D' subband in a legacy UL slot is not motivated, and should not be further studied. The intention of this study item (see Justification section in WID) is to provide more UL opportunities to improve UL coverage and latency. It is out-of-scope to consider increased DL opportunities, since DL is not the bottleneck according to the justification in the SID:
TDD is widely used in commercial NR deployments. In TDD, the time domain resource is split between downlink and uplink. Allocation of a limited time duration for the uplink in TDD would result in reduced coverage, increased latency and reduced capacity. As a possible enhancement on this limitation of the conventional TDD operation, it would be worth studying the feasibility of allowing the simultaneous existence of downlink and uplink, a.k.a. full duplex, or more specifically, subband non-overlapping full duplex at the gNB side within a conventional TDD band.
Furthermore, allowing 'D' subband in legacy UL slot creates gNB-gNB CLI toward a legacy (static TDD) operator, which is undesirable from a coexistence perspective.

	Panasonic
	We think that it would be too early to deprioritize DL subband configurations within legacy UL slot at this moment. 

	Intel 
	As explained for proposal 2-2, we think supporting DL subband in legacy UL symbol cannot improve UL performance, and it is clearly out of scope for Rel-18 SI as commented by E///. 

	ITRI
	Schemes of subband in legacy DL slot and UL slots should be studied.

	ZTE
	The definition of DL/UL subband should be clarified first. Is it within a BWP, equal to a BWP or considered as a cell?

	Samsung
	See our comment on proposal 2-2

	DOCOMO
	It seems too early to preclude DL subband in legacy UL symbol at this stage. But we are fine to take it as low priority.

	WILUS
	As we commented in proposal 2-2, study on subband non-overlapping full duplex operation (UL subband) in legacy DL and flexible symbol(s) should be prioritized.

	Huawei, HiSilicon
	See our comments to the above question.

	MediaTek
	Same reasoning as explained in our response to proposal 2-2.

	Apple
	Option 3, same comment as P 2-2 (DL sub-band is not aligned with objectives defined in SID)

	LG Electronics
	Option 3 is preferred. 



2.2.1.2. 2nd round discussion
Companies’ views on whether to study SBFD operation in legacy UL symbols are quite divergent. It is therefore proposed to separately discuss SBFD operation in legacy UL symbols later. The updated proposal 2-2a only covers SBFD operation in DL and flexible symbols.

Updated2 Proposal 2-2:
Study schemes for subband non-overlapping full duplex operation (UL subband) in legacy DL and flexible symbol(s). 
· FFS UL subband in all legacy DL and flexible  and flexible symbols or in a subset of all legacy DL and flexible symbols
· FFS subband non-overlapping full duplex operation (DL subband) in legacy UL symbol(s)

	
	Company

	Support
	New H3C( with modification), NEC, Intel (with revision), Panasonic Xiaomi, CATT, Sony, Spreadtrum, CMCC, Ericsson, Sharp, SK Telecom, Samsung, ITRI, Nokia, NSB, IDC

	Not support
	vivo, ZTE, Lenovo, OPPO, QC



	Company
	Comments

	New H3C
	Description of main bullet is already quite clear.  Sub-bullet on FFS isn’t clear to us. It isn’t sure whether it is enough that we only consider schemes of UL suband for flexible symbols? So we suggest deleting sub-bullet related to FFS part.

	DOCOMO
	We are fine to separately discuss DL subband on UL symbols, and we are generally fine with the proposal. 
But we have question on “and flexible”. If “a subset of all flexible symbols” can be included, why “all legacy flexible symbols” should be excluded.

	NEC
	Fine with the proposal in general. For the FFS, it is not clear to us whether UL sub-band in flexible symbols only is allowed or not.  

	vivo
	UL subband in legacy DL/flexible symbol(s) and DL subband in legacy UL/flexible symbol(s), both are SBFD schemes. There is no need to have separate discussion, we should not prioritize one over the other in the first SI meeting. We have following comments:
1. gNB-to-gNB inter-/intra-subband CLI cannot be worse than full band CLI in dynamic TDD case, if preclude study the DL subband in legacy UL/flexible symbol(s), what is the reason/logic to study dynamic TDD, the study of dynamic TDD operation also need to take co-existence with legacy gNB into account 
2. In addition, what is the difficulty to support the DL subband in legacy UL/flexible symbol(s) especially when all neighbour cells deploying SBFD? 
3. SID scope does not preclude to study SFBD scheme of DL subband in legacy UL/flexible symbol(s), justification of the SID should not limit the study. 

	Intel 
	We’d like to clarify the intension of ‘and flexible’. Does it imply SBFD can be configured in all flexible symbols, regardless of SSB presence in the flexible or not ? We have not studied the impact on initial access yet, we suggest to keep it open for now, so we prefer “FFS UL subband in all legacy DL and flexible symbols or in a subset of all legacy DL and flexible symbols”.


	Moderator
	The proposal is updated based on the comments by adding back ‘and flexible’.

	Xiaomi
	We are OK to delete all the flexible symbols since company have concerns on the flexible operation or the other way around. Actually we are not sure whether we need to discuss duplex on flexible symbols as gNB side it is already support duplex operation, saying it depends on gNB decision to schedule UL or DL.
Regarding the first question from vivo, dynamic TDD is already supported in the specification and surely we are working on it. We shouldn’t mix SBFD and dynamic TDD together.

	Spreadtrum
	We support to keep “and flexible”, since there are some restrictions that UL transmission cannot be configured or scheduled on some flexible symbols, such as the SSB symbols, the dynamic scheduling of PDSCH symbols, and dynamic SFI indicated by SFI, etc. So, at this early stage, only UL symbol is nature for UL transmission in Rel-15, DL and flexible symbols, all have some cases that not allowing UL during those symbols.

	CMCC
	We support to study UL subband in all or partial flexible slots, regarding Intel’s question, we think it can be further discussed in Proposal 4.1 on the UL/DL collision handling when SSB is transmitted in flexible slots.

	ZTE
	We are not sure what the sub-bullet means, especially for the “all”. The location of UL subband should be configurable from our perspective.

	Lenovo
	We think it would be beneficial for RAN1 to develop schemes applicable to both SBFD operation (UL subband) in legacy DL and flexible symbol(s) and SBFD operation (DL subband) in legacy UL and flexible symbol(s). RAN4 can further study potential band-specific restrictions on deploying a DL subband. 

	Ericsson
	Support Updated2 Proposal 2-2
One point that we would like to raise is that while the spec allows symbols to be configured as flexible, it is not clear in commercial deployments whether or not all legacy UEs fully support configuration with undetermined UL/DL direction. This may not be fully tested. Hence, we think this point should be discussed further, since if RAN1 develops SBFD schemes that rely on legacy UEs to support 'flexible' symbols, then it may be a problem for a coexistence perspective. We could add a sub-bullet like
Study should consider whether or not legacy UEs fully support undetermined UL/DL direction, i.e., cell-common configuration with 'flexible' symbols

	OPPO
	First, it is not clear to us whether the proposal is from gNB perspective or UE perspective. Please clarify. 
Secondly, if the proposal is from UE perspective, 
   -  For DL symbols, RAN1 should firstly discuss whether the REl-18 UE should be informed of UL transmission in DL symbols, instead of hiding this essential issue inside a weak proposal for “study”. 
  - For flexible symbols, in current spec, the flexible symbol (if still flexible after DCI 2_0 indication) means the symbol being fully reserved and likely inaccessible to NR. So it needs to clarify whether the flexible symbol is the one after semi-static TDD UL/DL configuration or after DCI 2_0 indication.

	QC
	Too early to preclude without any study!
The Study should include both schemes (UL subband in legacy UL slots and DL subband in legacy UL slot). 


	SK Telecom
	We support to study UL subband in all or partial flexible slots. We would like to have many options.

	Samsung
	See our Round 1 comments.

	Nokia, NSB
	As we commented in first round, it is still unclear what would be the reason to impose the limitation with UL subband in all legacy DL and flexible symbols. 

	Huawei, HiSilicon
	We are not sure what it implies by removing the second FFS bullet, it can still be studied, or?

	InterDigital
	We are fine to separately discuss DL subband on UL symbols, and see our 1st round comments.




2.2.2. Subband frequency location
2.2.2.1. 1st round discussion
Majority companies think that a subband consists of a set of consecutive RBs for the same transmission direction (either UL or DL) and RE level subband as shown below is considered in [29] for better accommodating wide-band RS.
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Figure 2‑3: RE level subband [29]

In addition, several companies discussed the number of subbands within a carrier and proposed to limit the number of subbands within a carrier e.g. to three [2][5][18][30]. 

Proposal 2-3:
For subband non-overlapping full duplex operation within a TDD carrier, up to three subbands are considered in Rel-18. 
· A subband consists of a set of consecutive RBs for the same transmission direction.

	
	Company

	Support
	QC, NEC, Ericsson, Spreadtrum, CATT, Intel, ITRI, ETRI, CMCC, DOCOMO, WILUS, KDDI, Nokia, NSB, MediaTek (1 UL SB), LG Electronics

	Not support
	IDC (too early to restrict up to 3), Sharp, New H3C, Panasonic, Lenovo, Samsung (allow 1 UL subband), CEWiT



	Company
	Comments

	InterDigital
	It should be rather agreeable, in RAN1, to support at least two-subbands SBFD and three-subbands SBFD at this moment. But, strictly limiting ourselves up to three subbands are not desired and urgent. We support such a “consecutive RBs” wise subband, as RE-level seems not so needed and may be too complicated.

	Sharp
	We suggest rephrasing that “up to two DL subbands and up to one UL subband”. 

	New H3C
	RB level or RBG level should be considered.

	vivo
	We can study  further

	Xiaomi
	It is too early to support more than one subbands before it is justified. If we really want to agree on something about the number of subband, we think Sharp’s version can be a starting point.

	OPPO
	We thought it is one of the study targets to learn the impacts to partition any number of sub-bands, instead of deciding a max number of 3 without study.  

	Ericsson
	We support Proposal 2-3 and this sets a reasonable scope for the SI. We can also accept Sharp's modification.

	Spreadtrum
	We support the proposal. Because with some restrictions of DL/UL switching points in the frequency, it can simplify the SBFD implementation. First, it can simplify the CLI analysis. Next, it can reduce the payload of signaling. In addition, it can lower UE implementation complexity of SBFD. Last, this can improve spectrum efficiency considering the unusable resources between DL/UL subbands. 

	Panasonic
	We think that limiting the number of subbands would not be essential at this moment. We support “A subband consists of a set of consecutive RBs for the same transmission direction”.

	Intel 
	We support the proposal and would also be fine with the version from Sharp, e.g., we can add ‘up to two DL subbands and up to one UL subband’ as sub-bullet.

	Lenovo
	Can study further.

	ZTE
	Similar view as InterDigital. It is too premature to limit the number of subbands. 

	Samsung
	We are ok with the proposed definition of an (SBFD) subband that “a subband consists of a set of consecutive RBs for the same transmission direction”. We do not think that an RE-level design (as opposed to RB level) of SBFD operation currently makes sense when considering SIC implementation capabilities at the gNB. We are in principle okay with the proposal that up to 3 SBs can be configured but prefer to more explicitly capture that we mean 1 UL SB and up to 2 DL SBs.
We propose to modify proposal 2-3:
"For subband non-overlapping full duplex operation within a TDD carrier, up to three two DL subbands and 1 UL subband are considered in Rel-18.”

	CMCC
	Ok with sharp’s version

	DOCOMO
	Sharp’s modification is also fine for us.

	CEWiT
	As a starting point, 3 sub-bands can be considered but not restricted to this as it will reduce flexibility for gNB scheduling specially for higher bandwidths. Sub-band can be RB/RBG/BWP level. The RE level in Fig. 2-2 is a kind of rate matching only needed for wideband signals within a sub-band. The sub-band itself need not be defined at a RE level. 

	KDDI
	We are fine with Sharp’s revision. 

	Nokia, NSB
	We think no need to have this decision in this very beginning of the SI phase. The pros and cons of the UL at inner side of the DL or UL at edge of DL should be analyzed/evaluated and compared in detail in RAN1/RAN4 before any decision can be made.
As allowing too much flexibility in subband configuration comes with additional signalling complexity, we should only enable configurations that are feasible for gNB implementation. This also requires input from RAN4. For example, depending on whether meeting the requirements for gNB self-interference and inter-subband gNB-2-gNB CLI requires the use of subband filters at the gNB. Also, we think RAN1 should ask RAN4 what is the real benefit (if any) to configure 3 subbands. While, as compared to 2 subbands, 3 subbands requires additional guard bands and may have larger specification impacts, the gain, in terms of reduced adjacent-channel interference, by placing the UL subband in the inner part of a TDD carrier is not fully clear due to the spectrum emission mask (both in-band and out-of-band) being relatively flat for both gNB and UE. 


	Huawei, HiSilicon
	In our view, up to three subband (two UL subband and one DL subband, or one UL subband and two DL subband) may be sufficient in one frequency band. If the number of subband is too large, the design of BS and UE may become over complicated, e.g., more filters should be used at transmitter to suppress the leakage interference, and more filters should be used at receiver to suppress the blocking interferences.

	MediaTek
	Agree with the proposal with restriction of one UL subband.

	Apple
	Not sure why 3, one UL sub-band is sufficient (and as mentioned before, DL subband is not justified)

	LG Electronics
	We are also fine with modification from Sharp.



Several companies discussed the possible UL subband frequency locations within a carrier considering inter-operator co-existence on adjacent channels [2][7][10][18][28][30]. Two cases where the UL subband is located in the inner part of a carrier between two DL subbands and on one edge of a carrier were identified. For the former case, there is proposal to define several candidate locations [2].
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Figure 2‑4: UL subband locations [18]

Proposal 2-4:
An UL subband within a carrier can be located in the inner part of the carrier or on the edge of the carrier.
· FFS candidate frequency locations of the UL subband

	
	Company

	Support
	Sony, IDC (in principle),QC, New H3C, NEC, Xiaomi, Ericsson (with minor revision), Spreadtrum, CATT, Intel , ITRI, ETRI, Samsung (with minor revision), CMCC, DOCOMO, WILUS, CEWiT, KDDI, MediaTek, LG Electronics

	Not support
	OPPO (the proposal does not say much, and with unclear terminology) , Nokia, NSB



	Company
	Comments

	Sony
	This proposal does not really say much since it isn’t clear what the alternative would be apart from the UL subband being in the inner or edge of the carrier.  However, it is good to be open at this point.

	InterDigital
	Same view with Sony, but in principle the Proposal 2-4 should be agreeable. Flexible configurability on the DL/UL subbands (in an RB-group level) at gNB seems sufficient enough to support various demands on SBFD. Some particular selections (e.g., as Fig 2-3 above) can be adopted/used for evaluation.

	Sharp
	FL summary for AI9.3.1 describes two configuration options. We think both two can be supported.
· SBFD Subband configuration#1: {BD, BU, BG}={2*ND, NU, 2*NG}, which means one SBFD slot consists of one UL subband at the center of the channel bandwidth and two DL subbands at two sides of the channel bandwidth.
· SBFD Subband configuration#2: {BD, BU, BG}={ND, NU, NG}, which means one SBFD slot consists of one UL subband at one side of the channel bandwidth and one DL subband at the other side of the channel bandwidth.


	QC
	Not sure the essentiality of the proposal. Other than centre and edge, where else the UL subband can be located. 

	vivo
	Same views as Sony. 

	NEC
	For UL subband at the edge of the carrier RAN1/RAN4 need to also study applicability of guard band to reduce interference to carrier adjacent to the UL subband which may be deployed by a different operator.

	Xiaomi
	Flexible configuration for UL subband should be supported.

	OPPO
	This proposal does not say much and does not seem to exclude anything. It is also not clear to us what “inner part” means. Is the sub-band just one RB apart from the carrier edge still called “inner part”?

	Ericsson
	We are find to further study location and size of the UL subband. Since this is a study item, the proposal should include in the word "study," consistent with other proposals.
Proposal 2-4 (modified)
Study An UL subband location within a carrier including can be located in the inner part of the carrier or on the edge of the carrier.
· FFS candidate frequency locations of the UL subband


	Spreadtrum
	Support. Inner and edge of the carrier, both have its own deployment scenarios. 

	Panasonic
	Same views as Sony.

	Intel 
	We agree that both cases, i.e., UL subband is in the inner part of carrier and one the edge of carrier can be considered, but the FFS point is not clear to us. 
Is this correct understanding that e.g., for the case of UL subband in the inner part of carrier, where is the starting PRB and where is the ending PRB? 


	ZTE
	Similar view as Sony, InterDigital and QC.

	Samsung
	We think that it makes sense that the frequency occupancy of the SBFD UL subband can be configured flexibly anywhere within the NR carrier bandwidth. In this sense we are supportive of the intention of the FL proposal. It is not clear to us that the proposed wording is suitable to best capture the intention of the FL proposal. 
We propose to modify the FL proposal to:
“The SBFD frequency-domain occupation, e.g., the location and bandwidth of the SBFD UL subband in the BS channel BW is configurable.”

	CMCC
	Support this proposal, the intention of this proposal is to clarify that in case that three operators coexist in three adjacent carriers in the same TDD band which the carrier in the middle is deployed with SBFD operation while the two adjacent carrier sat two sides are deployed with legacy TDD operation, the UL subband is configured in the middle as the left part in Figure 2‑5 to mitigate the adjacent CLI to other operators.  In two operator coexistence case, the UL subband can be configured at the edge as the right part in Figure 2‑6.

	WILUS
	Support. Subbands should be flexibly configurable since location of an UL subband is related with deployment scenarios among operators.

	Nokia, NSB
	We think no need to have this decision in this very beginning of the SI phase. The pros and cons of the UL at inner side of the DL or UL at edge of DL should be analyzed/evaluated and compared in detail in RAN1/RAN4 before any decision can be made.


	Huawei, HiSilicon
	Support to study different configurations. The SBFD configuration may be dependent on operator’s spectrum allocations.

	MediaTek
	Agree with the proposal, we support the modification from Ericsson.

	Apple
	Do not support. No point to this proposal, UL sub-band shall be in the canter frequency of BWP (as the operation is transparent to UE and to avoid UE open up its UL BWP unnecessarily). 

	LG Electronics
	Support the proposal.



Regarding the bandwidth of subband(s), companies think that the bandwidth should not be fixed. Moreover, some companies discussed to predefine a few candidate bandwidth(s) for subband(s) while some other companies discussed to directly indicate the number of RBs.

Proposal 2-5:
The bandwidth a subband is not fixed.
· FFS granularity

	
	Company

	Support
	Sony (clarifications required), IDC (support Sony’s version with adding “RB-level”), New H3C, NEC, Xiaomi, Ericsson (with modification), CATT, Intel, ITRI, Lenovo, ETRI (fine with Ericsson’s version), CMCC (fine with Ericsson’s version), DOCOMO, WILUS (fine with Ericsson’s version), CEWiT, Nokia, NSB, LG Electronics

	Not support
	Sharp, OPPO (need more discussions), Samsung, MediaTek (proposal is not clear)



	Company
	Comments

	Sony
	The term “not fixed” is confusing, this could mean that the subband bandwidth can change dynamically or semi-statically.  However, I believe the intention is really the configurable range/values of bandwidths for a subband.  A suggested proposal:
The subband bandwidth size is configurable.
· FFS the range of values and granularity



	InterDigital
	Similar views as Sony. We can add one more clarification on it as follows:
The subband bandwidth(in RB-level) size is configurable.
· FFS the range of values and granularity



	Sharp
	Intention is not clear. “fixed” mean fixed in specification, or fixed in RRC configuration, or fixed in a band, or other interpretation? We suggest putting it for further study.

	QC
	It is not clear what is meant by fixed. 

	New H3C
	A modified proposal based on sony’s version:
The subband bandwidth size is configurable.
· FFS the range of values and granularity (RB or RBG)


	vivo
	If the intention is as Sony mentioned, we are fine with Sony’s modification. 

	NEC
	One of the main objectives of SBFD is to reduce latency. Hence, the scheduling behaviour for SBFD is expected to be dynamic in nature and both the time and frequency allocations for subband may vary based on cell requirements.

	Xiaomi
	Support Sony’s version.

	OPPO
	“not fixed” is unclear. But we are also not ok with Sony’s version, because in that case the discussion so far misses one important step: whether the subband should be made transparent to Rel-18 UE or not? 

	Ericsson
	Support Interdigital and Sony's revisions. Furthermore, the proposal should be "study" consistent with other proposals for the SI.:
Study The subband bandwidth size is configurationble.
· FFS the range of values and granularity


	Spreadtrum
	Transparent or non-transparent SBFD can be discussed first. We prefer to postpone this proposal. Since if transparent SBFD is applied, UE does not know about SBFD information, gNB can decide its subband bandwidth.
For the discussion, we prefer the proposal:
The subband bandwidth is not fixed at least from gNB side.

	Intel 
	We have similar question as other companies. Does ‘fixed bandwidth’ indicate the bandwidth is hard-coded, or only a set of values can be configured by RRC, etc.  

	ZTE
	This subband size is highly related to the deployment scenario and guard band size. Also, this highly relates to the RAN4 study. For example, if RAN4 finds that analog filter is needed for gNB self-interference, then it may not be possible to change the subband size flexibly. 
Overall, we think it is too early to make this proposal at this stage.

	Samsung
	It is not clear to us what “fixed” means. We cannot support the FL proposal as currently shown. It makes sense to consider if the SBFD UL SB when configured in a set of symbols/slots must then have the same frequency occupancy in those time-domain resources (or not). Before that, it may first be necessary to reach a RAN1 agreement that the SBFD UL SB configuration is known to the UE. If not, an agreement about a same or (flexible) SB configuration does not impact the UE behavior, e.g., it would be gNB implementation only.

	DOCOMO
	Support Ericsson’s revision.

	Nokia, NSB
	Generally, we agree it can be studied. The scope of the proposal is not clear. We think that the subband size should be configurable, range and values are FFS.

	Huawei, HiSilicon
	Support the intention of the proposal and fine with Ericsson’s revision.

	MediaTek
	The proposal is not clear. Is this from UE perspective or gNB perspective?
We would expect that gNBs that implement SBFD will have common/fixed size and location for the UL/DL subbands to avoid intra-subband CLIs. However, from UE perspective, the proposal is not clear.
As an example, if the gNB want to implement 20MH UL subband in the middle of 100MHz carrier, the gNB can configure the UEs with flexible slots and dynamically schedule the UEs to transmit or receive on subset of the RBs (e.g., UE1 40MHz DL, UE2 20MHz UL, UE3 40MHz DL). Hence, the gNB instructs the UE to transmit UL on a subset of the RBs (e.g., 10MHz in the middle of the carrier) at a given time instant and transmit on other subset of the RBs at another time instant. Thus, in such case, UEs are not aware of what are the sizes of the DL/UL subbands.

	Apple
	The proposal is not clear. Is it the BW “of” of a sub-band is not fixed? Recall that anything related to subband is a concept at gNB and between gNBs. From UE perspective, it is legacy TDD BWP configuration.

	LG Electronics
	We are fine with the proposal in principle. Also, we are fine with modification from Sony.



2.2.2.2. 2nd round discussion
Majority companies agree to consider up to three subbands and some companies would like to make it clear that they are up to two DL subbands and up to one UL subband. 

Updated Proposal 2-3:
For subband non-overlapping full duplex operation within a TDD carrier in legacy DL and flexible symbol(s), up to one ULthree subbands isare considered in Rel-18. 
· A subband consists of a set of consecutive RBs for the same transmission direction.

	
	Company

	Support
	New H3C, DOCOMO, NEC, Intel, Xiaomi, CATT , Sony, CMCC, Ericsson, Sharp, Samsung, ITRI, Nokia, NSB

	Not support
	vivo, ZTE, Lenovo, OPPO, QC, IDC



	Company
	Comments

	New H3C
	We are fine with this proposal in principal. For sub-bullet, our modification is as below:
A subband consists of a set of consecutive RBs/RBG for the same transmission direction.

	vivo
	For evaluation purpose, we are fine to assume one UL subband or one DL subband in DL or UL slot. But this is the beginning of study item phase, no need to put the limitation now. Maximum subband number should be decided later after we have better understanding/analysis about the SI-/CLI-interference handling and the frequency location of the subband.   

	Panasonic
	We still think that limiting the number of UL subbands is not essential at this moment because how to allocate UL subband is not clarified yet. However, if majority companies prefer the limitation, we can live with the proposal.

	Spreadtrum
	We prefer to use similar words as Proposal 3.2, such as with the update: 

For subband non-overlapping full duplex operation within a TDD carrier in legacy DL and flexible symbol(s), up to one UL subband that gNB would use for SBFD operation is considered in Rel-18. 
· A subband consists of a set of consecutive RBs for the same transmission direction.

	ZTE
	Before having clear definition and full picture of the subband, it is premature to discuss the exact number of subbands.

	Lenovo
	We don’t think this proposal is essential at this point. 

	Ericsson
	We think it is good to clarify number of UL subbands. We don't see a motivation for more than 1.

	OPPO
	1) Same concern from us as for updated Proposal 2-2, regarding to symbol types being “gNB perspective” vs. “UE perspective”. 
2) Is “up to one UL subband” the limitation from gNB perspective? i.e., is it allowed for each UE to have up to one UL subband while for gNB to see more than one UL subband? 
3) “Up to one” includes 0 and 1. So the proposal seems to name the SBFD operation for the case when there is no UL subband in DL/Flexible symbols.  
4) The sub-bullet is a general rule, and should not be conditioned on what is confined by the main bullet.  

	QC
	We think it is too early to discuss this proposal. 

	Samsung
	We support the FL proposal 2-3. We think it is important to at least agree on the number of UL subbands for SFBD, e.g., 1. This part should not be too controversial given gNB implementation capabilities for SBFD. We see the SBFD UL SB as configured from the gNB perspective, e.g., where UL transmissions for any UE in an SBFD slot can be scheduled by the gNB. Whether a particular UE is then schedulable using the SBFD UL SB or only a part of it will depend on the UE BWP configuration and other factors.
We think the RB-level definition (“a subband consists of a set of consecutive RBs…”) following the example of the frequency occupancy of the R15 CSI bandwidth is for now sufficient. Whether RBG-level configuration of the SBFD UL SB is meaningful can be considered and concluded upon later in the SI. 

	Huawei, HiSilicon
	The proposal seems to suggest that subband consists of UL subband and DL subband, which implies the UL/DL subband are defined/configured separately. We would like to understand whether the intention of the proposal is for discussion purpose or for signaling framework design?

	InterDigital
	It is too early to limit the number of configurable UL/DL subbands.



For proposal 2-5, several companies commented that fixed is not clear and prefer to change it to configurable. The original reason from moderator to use fixed instead of configurable is that the latter seems to imply that the bandwidth of the subband would be configured to the UEs but it is not yet concluded whether subband location is informed to the UE.
In addition, some companies commented that proposal 2-4 does not say much. Maybe we can include the subband location in the updated proposal 2-5.

Updated Proposal 2-5:
The location and bandwidth of a subband is not fixedconfigurable.
· FFS granularity
· Note that whether the location and bandwidth of a subband are informed to UE is separately discussed.

	
	Company

	Support
	New H3C, DOCOMO, NEC, Intel, CATT, Sony, ZTE, Lenovo, Ericsson, SK Telecom, ITRI, Nokia, NSB, IDC

	Not support
	OPPO (have concern with “location”)



	Company
	Comments

	Ericsson
	vivo raised a point in the 1st round about "location." Is this just frequency domain location, or also time domain? In our view both frequency and time domain location need to be configurable.

	OPPO
	For the sub-band location (we suppose it refers to location in freq-domain), we would like to know what kinds of freq-domain locations can be before agreeing it is configurable, because it may related to implementation complexity, i.e., whether the gNB may assume to apply a general band-pass filter (if the location/BW makes the subband in the middle of whole BW but in a asymmetric way) comparing to relatively simpler low-pass/high-pass filter (if the location/BW makes the subband symmetrically around center of frequency or at the very end of whole BW) in baseband processing.   
We are ok to the proposal if it talks about bandwidth only. 

	Nokia, NSB
	We are ok with the proposal though we would still like to have a discussion in RAN1/RAN4 about the benefits (if any) to place the UL subband in the inner part of a TDD carrier. 

	InterDigital
	We support the proposal in principle. However, we prefer to remove the Note, or change ‘whether’ to ‘how’, since the main bullet says they are configurable then they should be anyhow informed to the UE even in an implicit way.

	
	

	
	

	
	




2.2.3. Semi-static vs. dynamic subband location
It seems that companies have different assumptions on whether the subband location is semi-static or dynamic at gNB side. At least semi-static subband location should be considered in Rel-18 and more discussion would be needed for dynamic subband location.

Proposal 2-6:
Semi-static subband location is considered in Rel-18.
· FFS dynamic subband location

	
	Company

	Support
	Sony, IDC (in principle, but needs clarification), Sharp, QC, New H3C, NEC, Xiaomi, Ericsson (with revision), CATT, Panasonic, Intel, ITRI, Lenovo, ZTE, Samsung, CMCC, DOCOMO, WILUS, CEWiT, KDDI, Nokia, NSB, LG Electronics

	Not support
	vivo, OPPO (the proposal is not clear to us), MediaTek (proposal is not clear)



	Company
	Comments

	Sony
	Although we support a configurable subband.  Whether the location is semi-static configured or not depends on whether we want the subband to be transparent to the UE or not.  This Proposal assume that we want Rel-18 UE to know where the subbands are.  
NOTE that for legacy UEs, the subband has to be transparent and hence I wonder if we want to have the discussion whether subband is transparent or not before deciding on this.

	InterDigital
	The Proposal 2-6 seems too broad. Assuming the intention of it and based on so far discussions, we can consider some updates as follows:
Modified Proposal 2-6:
Semi-static subband location for each configurable SBFD format is considered in Rel-18.
· Dynamic selection of one among multiple configured SBFD formats is considered
· FFS max number of configurable SBFD formats
· FFS dynamic subband location

	vivo
	About the “location”, does it refer to frequency domain only or it includes both frequency and time domain?
We think above proposal talks about the signalling, better to phrase like Subband ‘location’ can be configured by semi-static signalling in Rel-18. Both semi-static and dynamic signalling should be studied, evaluation results are expected to justify the gain. No need to limit ourselves without study. 

	NEC
	Dynamic subband location (at least subband bandwidth) should be studied to effectively utilize the radio resources based on real time cell requirements. If we use semi-static subband allocation then we will end up with lower system capacity which defeats the entire purpose of SBFD operation. 

	Xiaomi
	Dynamic UL subband location may be not needed considering we already have dynamic TDD. We should firstly focus on semi-static UL subband location. If time permits, we are open to discuss dynamic UL subband location.

	OPPO
	We think there is one key point missing here: whether the semi-static information can tell the UE to prepare for both DL subband and UL subband at the same time. One of the reasons to have semi-static DL/UL indication for a UE is to allow UE (RF) to prepare beforehand for the transmission/reception on a specific direction. Such purpose is gone if the indication tells both. So we prefer the following revision: 
Modified Proposal 2-6:
Semi-static subband location is considered in Rel-18.
· FFS whether a UE can be semi-statically informed of subbands with opposite transmission directions at the same time.   
· FFS dynamic subband location  

	Ericsson
	We support semi-static configuration of the subbands. We do not agree to dynamic size/location. While quite transpartent to the UE, this would create significant implementation challenges on the gNB side. Furthermore, we don't see the need for such dynamic changes. The subband size/location is a configuration choice that an operator would make for a given deployment.
Proposal 2-6:
Study Semi-static configuration of subband location is considered in Rel-18.
FFS dynamic subband location

	Intel 
	In our understanding, this proposal is regarding whether the subband location can be changed, and whether semi-static or dynamic change is supported, if the location can be changed. It is NOT relevant to the signalling design for subband indication, i.e., how to inform such change to UE.  Even if SBFD is transparent to some UEs, flexible subband configuration should be still supported.  
We agree at least semi-static change can be supported. We’re also open to support dynamic change of subband for better adaption to dynamic traffic variation.  

	Lenovo
	Can include further clarification as follows:
Proposal 2-6:
Semi-static subband location in time and frequency domain is considered in Rel-18.
FFS dynamic subband location in time and frequency domain

	ZTE
	At this stage, we think both semi-static vs. dynamic subband location should be included. Further down-selection should be based on the study outcome of RAN4.

	Samsung
	We think that this question is best split in 2 parts. (1) Is the SBFD configuration known to the UE, e.g., symbols/slots in time-domain and the frequency occupancy of the SBFD UL SB, e.g., start RB and number of RBs in which UL transmissions using the SBFD UL SB are possible? (2) Whether the SBFD UL SB when configured can then be used only for UL transmissions or also for DL scheduling by the gNB. 
Regarding (1), we think that semi-static configuration is sufficient at least as baseline. SBFD UL reception is determined by gNB implementation. Regarding (2), we think that DL dynamic scheduling by the gNB in the time-/frequency resources of the configured SBFD UL SB must be possible. It is undesirable that the introduction of the SBFD feature results in hard UL-DL resource partitioning in the TDD cell.
If needed, both could be captured by the following modified proposal 2-6:
(1) “The UL subband configuration, e.g., symbols/slots and the frequency occupancy in which UL transmissions can be scheduled by the gNB, can be provided to the UE. Signaling details FFS.”
(2) “For a UE, the transmission direction of a symbol in the SBFD UL subband is determined by gNB scheduling”

	CMCC
	We don’t see the motivation to support dynamically change the subband configuration, if it is allowed what’s the difference from dynamic TDD? 

	KDDI
	We share the same view with CMCC. 

	Nokia, NSB
	We think the support for dynamic subband location should also be based on input from RAN4 related to whether subband filters are needed to meet the requirements for gNB self-interference and inter-subband gNB-2-gNB CLI. 

	Huawei, HiSilicon
	As commented by other companies, we should probably discuss whether subband configurations can be transparent to UE. If the subband is transparent to the UE, there is no need to discuss the configuration.

	MediaTek
	We have similar comment to what we provided in the response to Proposal 2-5. For the example we provided in our responses there, is that considered semi-static or dynamic subband location?

	LG Electronics
	Semi-static configuration is a default operation. Further study is necessary whether dynamic configuration is beneficial or not.



Question 2-3:
Which option should be adopted for study of dynamic subband location?
· Option 1: Study dynamic subband location and semi-static subband location with equal priority.
· Option 2: Study dynamic subband location with lower priority.
· Option 3: Dynamic subband location is not considered in Rel-18.

	
	Company

	Option 1
	Sony, IDC (in principle, but unclear), Sharp, QC, New H3C, vivo, NEC, Panasonic, Intel, Lenovo, ETRI, ZTE, DOCOMO, WILUS, CEWiT, Nokia, NSB

	Option 2
	Xiaomi, OPPO, Spreadtrum, CATT, ITRI, Samsung, CMCC, KDDI, LG Electronics

	Option 3
	Ericsson



	Company
	Comments

	InterDigital
	If “dynamic” means selecting one among multiple configured SBFD formats (as mentioned in the above Modified Proposal 2-6), this should be considered as a basic feature, since the existing SFI indication mechanism already supports this.
But, if “dynamic” means here some proposals to determine SBFD format “on the fly”, it needs to be discussed further in more details.

	QC
	Study whether there are any needs or benefits for dynamic SBFD indication. 

	NEC
	Dynamic subband location (at least subband bandwidth) should be studied to effectively utilize the radio resources based on real time cell requirements. If we use semi-static subband allocation then we will end up with lower system capacity which defeats the entire purpose of SBFD operation. 

	Xiaomi
	Considering we already support dynamic TDD, the motivation of dynamic UL subband is weak. If majority companies want to have a study on it, we are OK to treat it with low priority.

	OPPO
	The gain from SBFD is coverage improvement. Semi-static SBFD is enough to improve coverage. In addition, it seems to us the following two setup may end up with the similar effects: 
· dynamic subband location
· semi-static subband location (at gNB and transparent to UE) + dynamic scheduling/grant

	Ericsson
	Please see our comments regarding Proposal 2-3

	Samsung
	It is too early to preclude dynamic subband adaptation in the first meeting of Rel-18 SI. 
As we commented in proposal 2-6, semi-static UL subband configuration is the baseline and the gNB can indicate by scheduling DCI the transmission direction of a symbol. In addition, dynamic UL subband adaption can be studied but it should be defined as a separate UE capability such as when SFI is used for dynamic indication. 
We think that RAN4 guidance and confirmation will be required if the gNB RF can adjust the UL subband frequency occupancy, e.g., the bandwidth and location of the SBFD UL SB. At least to train the SIC and for inter-cell CLI management, additional RF components/requirements are needed depending on the SBFD UL SB bandwidth and location.

	Nokia, NSB
	We would like to clarify difference between dynamic indication of subband location (i.e. dynamically changing the UL-DL frequency domain partitioning in SBFD symbols/slots) and dynamic indication of SBFD slots/symbols. To our understanding, this proposal/discussion is about the former. Based on this assumption, RAN1 should study the benefits for dynamic indication of subband location but only after confirmation from RAN4 that dynamic subband location is feasible from gNB implementation perspective. 

	Huawei, HiSilicon
	Dynamic subband location location is much more challenging than semi-static subband location in particular for macro deployment, where the UL will potentially be impacted by strong gNB-gNB co-channel CLI. This is similar to deploy dynamic TDD in macro cells, we have not see the strong need to study dynamic subband location configuration with equal priority as semi-static subband configuration. For indoor deployment, we have not seen the strong need for this either.

	MediaTek
	Similar comment to what we provided in the response to Proposal 2-5. For the example we provided in our responses there, is that considered semi-static or dynamic subband location?

	LG Electronics
	The First step for study of SBFD is to make a basic functionality of SBFD. Dynamic configuration for SBFD could be a feature for performance enhancement. In this sense, we think dynamic should be second priority for study. 



2.3. Guard band between DL/UL subbands
Many companies see the potential need to have guard band between DL and UL subbands for filter rolloffs to mitigate the interference from DL subband to UL subband. It is expected that RAN4’s inputs would be required to decide the necessity and size of guard band.
If the guard band is confirmed to be needed, it needs to be discussed whether/how to inform UE the related information, e.g. size/location of guard band. 
Explicit guard band configuration and scheduling-based guard band configuration are provided in [10] as shown in the following figure. 
[image: ]
Figure 2‑7: Guard band configurations: Explicit configuration vs Scheduling based [10]

Proposal 2-7:
Study whether/how to inform UE the guard band(s) between UL and DL subbands if any.

	
	Company

	Support
	Sony, IDC (Modified P2-7), QC, New H3C, NEC, Xiaomi, OPPO, Ericsson (with vivo's modification), Spreadtrum, CATT, Panasonic, Intel, ITRI, Lenovo, ETRI, ZTE, Samsung, CMCC, DOCOMO, WILUS, CEWiT, KDDI, Nokia, NSB, LG Electronics

	Not support
	MediaTek



	Company
	Comments

	Sony
	This proposal is related to Proposal 2-6 and we have the same comment, that is, we should firstly consider whether the subband is transparent or not to Rel-18 UE.  If Rel-18 UE needs to know the locations of the subbands then it will also need to know where the guardbands are (if any).

	InterDigital
	This is an important design factor for SBFD, as in our contribution the initial LLS results showed the importance of the frequency gap between DL/UL subbands. But, “guard band” sounds like a fixed number of RBs that will be wasted in all cases (to mitigate negative CLI effects), which we believe is not the intention of the group.  So, we should clarify that the negative CLI effects will not always exist, as they depend on traffic condition, beam-domain condition, and power-domain condition, etc. It means, in RAN1 spec point of view, the “guard band” should not be treated as a part of configurable component, but as a resulting consequence of a SBFD format (indicating the location of DL RBs and UL RBs) given to the UE.
Thus, we can propose an update as follows:
Modified Proposal 2-7:
Study whether/how to inform UE the guard band(s) between UL and DL subbands if any.
· Note the guard band(s) may not be a configuration parameter, but can be determined according to the indicated location of DL/UL subbands(RBs).

	Sharp
	Firstly, we need to define guard bands for further study.

	QC
	Open to study

	New H3C
	From our point of view, the guard band is needed. However, set the explicit guard band will introduce the signalling overhead in case of semi-static configuration. In the dynamic case, the guard band can be  implemented by gNB’s scheduling

	vivo
	The study should include 1) the required guardband size 2) whether and how to make the guardband size known by the UE. 
Suggested below the updated proposal
Study the required size of the guard band between UL and DL subbands and whether/how to inform UE the guard band(s).

	OPPO
	This topic could be a good example to seek RAN4 help, e.g., on adjacent sub-band interference ratio. 

	Ericsson
	Support vivo's modification. 

	Intel 
	In our view, RAN1 needs to first determine whether and how large would the guard band be, and then, discuss whether/how to inform UE the guard band.  
 vivo’s update looks good to us.  

	ZTE
	Similar view as Sony, it would be good if companies can have some initial study on whether the subband configuration can be transparent to UE.

	Samsung
	We support the FL proposal. We see the need to provide the SBFD UL SB configuration to the UE as independent from the need to inform the UE about guard RBs/REs for purpose of Tx/Rx filtering. It is very desirable to provide the UE with the SBFD UL SB configuration. Newer release UEs can then be independently configured with the SBFD UL resources and are not constrained by SIB1 tdd-UL-DL-ConfigCommon for the legacy UEs, e.g., SBFD UL in slots configured as D for legacy UEs or possibility to set all SBFD slots to D for legacy UEs.

	CMCC
	Regarding the guard band size, input from RAN4 is needed.

	DOCOMO
	Support vivo’s revision.

	CEWiT
	We have a similar view with Sony. First, we need to decide whether subband is informed to UE or not. If yes, then guardband information also needs to be given. 

	Nokia, NSB
	In our view, guard band configuration does not need to be distinguished from subband configuration. Resources that are not configured as part of the UL or DL subband are part of the guard band. gNB can control the guard band also by means of scheduling and/or configuration of radio resources. 

	Huawei, HiSilicon
	Agree with Sony. Before we decide on this proposal, we should discuss whether subband is transparent for UE.

	MediaTek
	From RAN1 procedures perspective, it is not clear why the guard band need to be known by the UE!
The following statement that is used as motivation for the proposal is not clear to us “If the guard band is confirmed to be needed, it needs to be discussed whether/how to inform UE the related information, e.g. size/location of guard band.” Why the UE needs to know about the guard band if it is needed from performance improvement perspective (to reduce the CLI or SI as an example)?
Also, legacy UEs can’t be informed about such guard bands.
We would like to see more solid reasoning on such need before agreeing on studying signaling mechanisms for guard bands. 

	LG Electronics
	It could be studied whether to inform UE the guard band(s) between UL and DL subbands at this stage.



3. Indication of UL/DL resource partition
3.1. Legacy UE
3.1.1. 1st round discussion
In conventional TDD system, UL and DL are split in time domain. TDD slot format of a serving cell is semi-statically and/or dynamically indicated to the UE via SIB, dedicated RRC signaling, SFI etc. For SBFD operation, additional UL/DL partition in frequency domain is introduced and it is obvious that it is unknown to legacy UEs. 
Companies share the same view that legacy NR UEs can be served in a cell operating SBFD without knowing the UL/DL resource partitioning in frequency domain. The following approaches were identified in companies’ contributions.
· Approach #1
One approach is to keep the common TDD UL-DL configuration as it is and UE does not expect an opposite transmission direction from that configured by the common TDD UL-DL configuration. An example is shown below where the symbols for SBFD operation from gNB’s perspective are still configured as DL symbols in TDD-UL-DL-ConfigCommon. From legacy UE’s perspective, UE does not know that some of the RBs in DL symbols are used for UL transmissions and does not expect any UL transmissions in DL symbols. gNB should not configure/schedule any UL transmissions in the DL symbols for legacy UEs. 
[image: ]
Figure 3‑1: time-frequency domain resource partitioning from gNB perspective [15]

· Approach #2
An alternative approach is to configure the symbols for SBFD operation as flexible in TDD-UL-DL-ConfigCommon. There are different variants of approach #2.
· Approach #2-1
In this approach, different UE-specific TDD UL-DL configurations can be configured to different UEs as shown below. For a certain UE, only DL or UL transmission is expected in a symbol according to the cell-specific and UE-specific configurations. gNB should avoid configuring/scheduling DL transmissions in UL symbols or configuring/scheduling UL transmissions in DL symbols for a UE.
Note that support of UE specific RRC configuration of UL/DL assignment is subject to UE capability (i.e. FG 5-1a).
[image: ]
Figure 3‑2: different UE specific TDD UL-DL configurations [5]
· Approach #2-2
In this approach, dynamic SFI is used to dynamically indicate UL/DL assignment to a group of UEs. Note that support dynamic SFI is also subject to UE capability (i.e. FG 3-6).
· Approach #2-3
In this approach, no additional indication of UL/DL assignment is provided and UE transmits or receives in the flexible symbol(s) based on gNB configuration/scheduling according to existing rules.

Proposal 3.1 (for conclusion):
Legacy UEs can be scheduled in UL-only symbols or in UL subband in UL or flexible symbols with existing RAN1 specification and UE behavior.

	
	Company

	Support
	Sony, IDC, Sharp, QC (w/ added DL-only slot), New H3C, NEC, Xiaomi, Spreadtrum, CATT, Panasonic, Intel (need clarification ), ITRI, Lenovo (prefer vivo’s wording), ETRI, ZTE, Samsung, DOCOMO, WILUS, CEWiT, KDDI, MediaTek (with modifications)

	Not support
	Ericsson (support with revision), CMCC (support Ericsson’s revision) , Nokia, NSB, LG Electronics (fine with modification from Ericsson)



	Company
	Comments

	Sony
	Legacy UE should be able to operate SBFD from the gNB’s prespective.  The subbands are transparent to legacy UE.

	InterDigital
	This is the only way for legacy UEs, meaning legacy UE operations cannot be changed from existing specifications up to Rel-16.
We support Approach #1 that Rel-18 SBFD should not touch TDD-UL-DL-ConfigCommon (within which legacy UEs are all aligned for the Tx direction with Rel-18 UEs).  And, Rel-18 SBFD can be enhanced on TDD-UL-DL-ConfigDedicated.

	Sharp
	The proposal can be viewed differently from UE perspective and gNB perspective. This proposal is for gNB perspective, correct? If so, we prefer explicitly mentioning that “From gNB perspective”, on the top of the proposal.

	QC
	Legacy UEs can be scheduled in UL-only symbols or DL-only symbols or in UL subband in UL or flexible symbols with existing RAN1 specification and UE behavior

	New H3C
	Both approach #1 and approach #2 (2-1 and #2-2) should be considered. For Approach #2-1, it is aligned with TDD-UL-DL-ConfigDedicated, Approach #2-2 is aligned with SFI.

	vivo
	Legacy UEs cannot “see” the UL subband, and above proposal is for UL transmission, so we suggest following modification: 
The uplink transmission for legacy UEs can be scheduled/configured only in uplink or flexible symbols with existing RAN1 specification and UE behavior. 

	Xiaomi
	If we understanding correctly, the intention of the proposal is to conclude the legacy UE behaviour on the RBs occupied by UL subband. We suggest following modification:
From gNB perspective, legacy UEs can be scheduled on the RBs occupied by UL subband with existing RAN1 specification and UE behavior.

We don’t need to mention where UL subband can be configured. 

	OPPO
	It is a bit strong to claim the legacy UE “can be scheduled”, which seems to indicate no performance issue at all. We suggest to use following formulation:
Proposal 3.1 (for conclusion, revision):
Legacy UEs can operate with gNB-side SBFD resource allocation with existing RAN1 specification and UE behavior.

	Ericsson
	Same as our comment in Section 2.2.1:
We think that it requires more discussion on how to handle 'F' symbols/slots. It is not clear that legacy UEs fully support or are fully tested to be able to operate with undetermined UL/DL direction (even though it is supported by the spec) for more than just a guard time. Most (if not all) deployments to date are static TDD where the UL/DL direction is known in advance. Hence as a first step, we should prioritize at least UL subband in a DL symbol, and then further discuss how 'F' symbols should be used.
Proposal 3.1 (for conclusion): (modified)
Legacy UEs can be scheduled UL in at least UL-only symbols or in UL subband in UL or flexible symbols with existing RAN1 specification and UE behavior.
FFS: Further discuss whether or not legacy UEs fully support or are fully tested to operate with undetermined UL/DL direction, i.e., in flexible symbols


	Spreadtrum
	We support the conclusion. 
According to Approach#1, it can be applied for the UE with the basic UE capability, such as without FG5-1a, FG3-6 report. For the UE support FG5-1a, FG3-6, more resources in flexible can be used. Anyway, we agree that the legacy UE can work well in SBFD network.

	Intel 
	We agree that all approaches provided by FL is workable for legacy UE, depending on UE capability. 
For proposal 3.1, it is unclear to us, 
(1) What is the difference between UL-only symbol and UL symbol? 
Does UL symbol actually contain DL and UL subband, and legacy UE is scheduled in UL subband in UL symbol?  As we discussed in section 2.2.1, we don’t think configuring DL subband in UL symbol is a reasonable scenario for Rel-18 full duplex.
Or, is it a typo and is meant to say “UL subband in DL or flexible symbols”?
(2) Why legacy UE cannot work in DL-only symbol for DL reception?
(3) Why legacy UE cannot work in DL subband in DL symbol for DL reception?
DL symbol actually contains UL and DL subband, and legacy UE can be scheduled in DL subband in DL symbol. 


	Samsung
	We agree with both observations that as far as legacy UE transmission and reception behavior is concerned, backwards compatibility of and possibility of SBFD operation is supported using existing RAN1 specifications and UE behavior, e.g., by configuring DDDSU or by configuring flexible symbols for the legacy UEs in the symbols/slots configured for UL transmissions using the SBFD UL SB when needed.

	CMCC
	Similar view as Ericsson, we support approach#1, we are not sure whether commercial UEs will encounter interoperation problems or not when the network changes the legacy cell specific TDD UL/DL configuration to a configuration with more flexible slots.

	DOCOMO
	Agree with the principle that the SBFD operation at gNB side is transparent to legacy UE. 

	KDDI
	We share the similar view with vivo. Legacy UEs can be scheduled/configured only in uplink or flexible symbols with existing RAN1 specification and UE behavior. 

	Nokia, NSB
	The proposal is confusing. The legacy UE can be scheduled in UL in UL-only symbols and in flexible symbols, and in DL in DL-only symbols and in flexible symbols. The question is rather whether we can assume all legacy UEs are able to operate with flexible symbols configured in TDD-UL-DL-ConfigCommonto, which is the main difference between approach #1 and approach #2. 

	Huawei, HiSilicon
	From specification point of view, we agree with the observation but also agree with some companies that the operation on flexible symbols have not been fully tested. 

	MediaTek
	We agree with the proposal with the following minor modifications:
“Legacy UEs can be scheduled UL in UL-only symbols, or in UL subband in UL or DL in DL-only symbols, and UL or DL in flexible symbols with existing RAN1 specification and UE behavior.”

	LG Electronics
	At this stage, it should be studied whether UL subband within SBFD time resource can be allowed for legacy UE.



3.1.2. 2nd round discussion
The proposal 3.1 was intended to cover UL transmission only. Sorry for the confusion. Now the proposal is updated.

Updated2 Proposal 3.1 (for conclusion):
Existing RAN1 specification supports to schedule legacy UEs can be scheduled to transmit UL in UL-only symbols or in UL subband in UL or flexible symbols with SBFD operation at gNB side and to receive DL in DL-only symbols or in DL subband in symbols with SBFD operation at gNB side with existing RAN1 specification and UE behavior.

	
	Company

	Support
	New H3C, DOCOMO, NEC, vivo, Panasonic, Xiaomi, CATT, Sony, Spreadtrum, CMCC, Lenovo, QC, SK Telecom, Samsung (only with modified wording), ITRI

	Not support
	Intel (need to clarify the difference between UL-only and UL symbol), OPPO (the proposed conclusion intends to introduce DL subband, which is new feature not in any other proposals for agreement) , Sharp, Nokia, NSB



	Company
	Comments

	NEC
	Fine with the proposal in general. Considering the legacy UE doesn’t know the UL sub-band location, we didn’t see the difference between UL-only symbols or UL symbols with UL subband from UE perspective.  We suggest following update for clarification. 
Updated Proposal 3.1 (for conclusion):
Legacy UEs can be scheduled to transmit UL in UL-only symbols or in UL subband in UL or flexible symbols with existing RAN1 specification and UE behavior.


	Intel 
	It is quite confusing, what is UL-only symbols and UL subband in UL.  
In our understanding, from legacy UE’s perspective, UE can only be scheduled to transmit UL in UL symbol or flexible symbol (the UE does not know there is a UL subband or full UL). From gNB’s perspective, legacy UE can be scheduled to transmit UL in UL symbol or in UL subband in SBFD symbol.  
Therefore, we suggest updating the proposal as below: 
From a gNB’s perspective, legacy UEs can be scheduled to transmit UL in UL-only symbols or in UL subband in UL or flexible symbols with SBFD operation with existing RAN1 specification and UE behavior.

Besides, we’d like to clarify, the proposal does not imply gNB can configure SBFD operation in legacy UL symbol. The proposal only says gNB can have an symbol with SBFD operation (that may be limited to DL and flexible symbols only, but not the focus of this proposal) in which it can schedule UL.

	Moderator
	The proposal is updated based on the comments. Given that some companies commented that it is not clear whether legacy UEs fully support or are fully tested to be able to operate with undetermined UL/DL direction (even though it is supported by the spec) for more than just a guard time, the proposal is now reworded in RAN1 specification point of view. In addition, DL reception is added.

	Xiaomi
	We are generally fine with the proposal. The intention of the proposal is to claim legacy UE behaviour is not impacted.  Hence we are OK with the updated proposal.

	Sony
	We support the proposal but with minor editorial below (somehow it reads funny saying “Existing RAN1 specification supports to schedule…”):
Existing RAN1 specification supports the gNB to schedule legacy UEs can be scheduled to transmit UL in UL-only symbols or in UL subband in UL or flexible symbols with SBFD operation at gNB side and to receive DL in DL-only symbols or in DL subband in symbols with SBFD operation at gNB side with existing RAN1 specification and UE behavior.



	CMCC
	We are fine to clarify this proposal is in RAN1 specification point of view, but whether legacy UEs fully support or are fully tested to be able to operate with undetermined UL/DL direction still needs to be studied which is a basial question and will impact on the DL/UL resource partition signalling design.

	Ericsson
	Share the same view as CMCC. If the intention is to clarify that the spec supports legacy UE operation with 'flexible' symbols, then it should be stated in the same proposal that the "reality" in terms of commercial UEs could be different, and this will affect RAN1 design. Hence, we would recommend the following update
Existing RAN1 specification supports the gNB to schedule legacy UEs can be scheduled to transmit UL in UL-only symbols or in UL subband in UL or flexible symbols with SBFD operation at gNB side and to receive DL in DL-only symbols or in DL subband in symbols with SBFD operation at gNB side with existing RAN1 specification and UE behavior.
Further study whether or not legacy UEs fully support UL scheduling in symbols with undetermined UL/DL direction (i.e., flexible symbols)

	OPPO
	This conclusion seems to assume there would be a concept of DL subband, which has never been shown up in earlier proposals. In other words, the proposal for conclusion potentially introduces new spec features. The true intention is not clear to us between “proposal for agreement” vs. “proposal for conclusion”.   

	Sharp
	It is clear that the legacy UE operates with existing TDD configuration (i.e., tdd-UL-DL-ConfigurationCommon, tdd-UL-DLConfigurationDedicated, and dynamic SFI), and SBFD configuration is totally invisible from the legacy UE perspective. We shouldn’t agree on something which may impact on the legacy UE behaviour. If no change on the legacy UE behaviour is intended by this proposal, we don’t think it’s necessary to agree on this proposal.

	QC
	Part of feasibility study is to make sure that legacy UE scheduling and performance is not affected by SBFD operation at the gNB. 

	Samsung
	We share the same view as CMCC and Ericsson that we cannot currently conclude whether UE behavior using existing specifications is “always” and “under all circumstances” sufficient, e.g., for F symbols/slots. This aspect is too premature to conclude and will require more study in the R18 SI. The wording proposed by Ericsson is better for us, e.g., at least for D and U symbols/slots, things are clear, and for F symbols/slots, there should be an FFS. 

	Nokia, NSB
	Still confusing. Of course, legacy UEs can only transmit UL in UL-only symbols or in flexible symbols. But why “in UL subband in UL or flexible symbols”? First of all, it does not make sense to speak of UL subband in UL symbols. Also, even with SBFD enabled, the gNB may decide to configure a flexible symbol as an UL symbol, in which case a legacy UE should not be restricted to transmit in UL subband in flexible symbols. Similar issue for legacy UE to receive DL.

	Huawei, HiSilicon
	Fine with the updated proposal on the reflector.



3.2. SBFD capable UE
Both approach #1 and approach #2 for legacy UE operation in section 3.1 are “UE transparent” approaches. UE is not aware of resource partitioning between UL and DL in frequency domain (i.e. subband location). 
To adopt approach #1 for all UEs including SBFD capable UEs is not appropriate since UL subband cannot be used by any UE in that case. Approach #2 can be used for SBFD capable UEs so that the SBFD is operated in a UE transparent way for all the UEs. It is proposed in [12] that the subband allocation is transparent to UE and the study should not base on a prerequisite for UE to have the knowledge of simultaneous DL/UL allocation. However, many other companies think that there are potential restrictions and complexity at gNB side and therefore proposed to study the “UE non-transparent” approach. Some other companies directly discussed how to inform subband location to SBFD capable UEs. On a high-level, the following schemes were proposed by companies.
· Scheme #1: RB-set based SBFD
In this scheme, a subband includes a set of consecutive RBs within a BWP as shown in the upper figure in Figure 3‑3 and there may be both UL and DL resources in a same symbol within a BWP. The frequency location of the subband is indicated to the UE. The time location of the subband can be predefined (e.g. in all DL symbols [15]) or indicated to the UE. 
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[bookmark: _Ref102642648]Figure 3‑3: SBFD operation [10]

· Scheme #2: SUL based SBFD
Samsung [10] discussed a possible scheme that UL subband is configured by means of SUL configuration as shown in the lower figure in Figure 3‑3.
· Scheme #3: BWP based SBFD
BWP based SBFD operation where each subband is defined as one BWP were discussed in [3][11][16][21][28]. In this case, there would be no UL and DL resources in the same symbol within a BWP.
Different frame structures can be provided for different BWPs as illustrated in Figure 3‑4, which is not supported in current specification. In addition, enhancements to reduce BWP switching delay were proposed by several companies. 
[image: ]
[bookmark: _Ref102641685][bookmark: _Ref102641682]Figure 3‑4: BWP-based SBFD operation [3]
· Scheme #4: CA based SBFD
ZTE [3] and Samsung [10] discussed intra-band CA based SBFD where the frequency resources within a carrier are configured as different CCs to the UE.
According to the proposal in [3], different subbands are regarded as different cells and directional collision handling mechanism defined in Rel-16 half duplex CA can be applied to support CA-based SBFD operation.
[image: ]
Figure 3‑5: Half duplex CA based SBFD [3]
The approach to use intra-band CA for SBFD in [10] is shown in the figure below, where either 2 or 3 CCs need to be configured for the UE in the aggregated BS channel BW. 
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Figure 3‑6: SBFD using intra-band CA [10]

Proposal 3.2:
Study whether/how to inform UE time and/or frequency location of subband.

	
	Company

	Support
	Sony, IDC (Scheme#1 and #3), Sharp, QC, New H3C, NEC, Xiaomi, OPPO, Ericsson, Spreadtrum, CATT, Panasonic, Intel, ITRI, Lenovo, ETRI, ZTE, Samsung, CMCC, DOCOMO, WILUS, CEWiT, KDDI, Nokia, NSB, MediaTek, LG Electronics

	Not support
	



	Company
	Comments

	Sony
	CA should not be a prerequisite to support SBFD, i.e. the UE should be able to support SBFD without needing to also support CA.

	InterDigital
	Agree with Sony that SBFD should be able to be supported within one CC. We support to study Scheme #1: RB-set based SBFD and Scheme #3: BWP based SBFD.

	New H3C
	We slightly prefer Scheme#1 RB-Set based SBFD and CA-based SBFD

	vivo
	We would like to clarify the relation or difference between this proposal and proposal 2-6. 

	Xiaomi
	Agree with Sony.

	OPPO
	From our view, the following two issues are separate: 
· Whether a Rel-18 UE should observe a DL subband and a UL subband at the same time and in a same “BWP/cell”, regardless whether the DL or UL subband is actually used by the UE. 
· Whether a Rel-18 UE should know the SBFD assignments (at least for a given time instance and a given transmission direction). 
We think the first question should have answer NO, otherwise there would be too many spec changes. We are open to the second question, although we do not see strong reason for a YES. 
We do not think a UE-capability argument can dismiss CA-based SBFD in the SI phase.  

	Spreadtrum
	We think it is the first issue to study. 
Our first preference is transparent SBFD, Scheme #3: BWP based SBFD is a suitable scheme, without many changes, including DL/UL collision handling, new resource mapping, etc. So at least it can be in the scope. 
We are open for non-transparent SBFD, although we do not found enough benefits until now. 

	Intel 
	In our view, we first need to study and agree whether non-transparent indication of SBFD configuration to UE can be considered. As such, both transparent and non-transparent indications for SBFD configurations should be considered and captured in the TR as part of the study.

	ZTE
	Some initial discussion on transparent and non-transparent is beneficial.

	Samsung
	See our comments on FL proposal 2-6

	CEWiT
	We prefer scheme #1 and scheme #3.

	KDDI
	We prefer to study Scheme#3: BWP based SBFD because the smaller BWP operation can mitigate CLI impact by lower sampling rate than the BWP for the entire carrier. 

	Nokia, NSB
	RAN1 should first agree on the need to inform SBFD capable UEs of the UL/DL time and frequency resource partitioning before discussing whether e.g. RB set based or BWP based scheme is to be used. This may also depend on e.g. what can be assumed at the UE in terms of adapting the digital filter bandwidth to the corresponding UL/DL subband. 

	Huawei, HiSilicon
	Fine to study this further but it needs to be decided at some point based on whether this information will be beneficial for UE operation or co-existence among operators.




Question 3.1:
Which scheme(s) do you support to further study for subband time-frequency location indication?

	
	Company

	Scheme #1: RB-set based
	Sony, IDC, Sharp, QC, New H3C, vivo, NEC, Xiaomi, Ericsson, Spreadtrum, CATT, Panasonic, ITRI, Lenovo, ETRI, ZTE, CMCC, DOCOMO, WILUS, CEWiT, KDDI, Nokia, NSB, LG Electronics

	Scheme #2: SUL based
	Sharp

	Scheme #3: BWP based
	Sony, IDC, Sharp, vivo, NEC, Xiaomi, OPPO, Spreadtrum, Panasonic, ITRI, Lenovo, ZTE, CMCC, CEWiT, KDDI, Nokia, NSB

	Scheme #4: CA based
	New H3C, NEC, OPPO, ZTE, Nokia, NSB



	Company
	Comments

	Sony
	Do we need to restrict to only 4 indications at this point?

	Sharp
	As commented in response to Question 2-1, we think Scheme#4 is should be excluded since CA-based solution losses system capacity by unnecessary guard bands.

	QC
	Consider scheme #1 as baseline, open to further study other schemes (e.g., scheme #3 and #4) considering pros/cons to UE implementation, timeline and current UE RF requirements. 

	NEC
	We support that study of Scheme #1,#3,#4 needs to be studied. Advantages of Scheme#2 are not clear. 

	OPPO
	We prefer #3 and #4, and open to #1. We have a concern on #2, which connects the full-duplex to a specific carrier type, i.e., open a SUL carrier (from RAN1 perspective) in a non-SUL carrier (from RAN4 perspective). This may cause bigger impacts in a higher level than in resource allocation scope.  

	Ericsson
	Agree with Sony's comment in Proposal 3.2 – CA should not be a pre-requisite for SBFD operation, especially since it will require UL CA between 3 carriers, and it is not clear that this is well supported amongst UEs. BWP-based SBFD will most likely require BWP switching between SBFD symbols and UL-only symbols. We think RB set-based SBFD is simplest. The BWP can span multiple RB sets (may need some small spec updates to make it clear that the UE is not expected to receive UL and DL simultaneously within a BWP). With such an update, the gNB would ensure that only DL or UL is scheduled in an SBFD symbol for a given UE, but not both simultaneously.

	Spreadtrum
	Our first choice is Scheme #3: BWP based, it can be applied without a little changes. We are open for Scheme#1. And if the scheme can be directly extended to scheme#4, it would be OK, but we don’t think it is a good idea to study it a lot at early SI stage. 

	Intel 
	We think we don’t need to down-select in first meeting. 
We suggest to discuss all schemes (not only limited to 4 schemes above) according to the categories as follows: 
Type #1: Within a BWP, UE may see DL and UL subband within a symbol
（RB-set based is just one possible solution for scheme#1, there can be other solutions.）
Type #2: Within a carrier, UE may see both DL and UL subband within a symbol, but within a BWP, UE only sees one direction (DL or UL)
Type#3: Among multiple carries, UE may see DL and UL subband within a symbol, but within a carrier, UE only sees one direction (DL or UL)
· #3-1: SUL and non-SUL 
· #3-2:  CA
For #3-1, it is not clear to us whether it can work, if DL subband can be configured in UL symbol.

	Lenovo
	It should be possible to support SBFD without CA.

	Samsung
	Among the 4 schemes, we slightly prefer the RB-set based scheme #1 (but see our comments on FL proposals 2-1 and 2-2). We are open to all possible approaches at this stage. Their potential pros/cons and RAN1 specification impacts should be studied in this SI.

	CMCC
	Scheme#1 is the baseline and scheme#3 can be studied, but for scheme#3, companies should study whether to reduce/relax the BWP switching delay, otherwise, there will be much performance loss due to the BWP switching delay among different BWPs.

	DOCOMO
	We prefer scheme #1. BWP switching delay is an issue for Scheme #3. Regarding scheme #2 and #4, we think it is possible to support SBFD for a UE not capable of SUL or CA.

	Nokia, NSB
	Consider scheme #1 as baseline, study scheme #3 in relation to UE capability to perform fast BWP switch and/or adaptation of digital filter bandwidth. Scheme #4 may also be studied (this also relates to the discussion under Proposal 2-1). 

	Huawei, HiSilicon
	All schemes should be studied. As mentioned earlier, for scheme #4, we think there may also be some merit. Firstly, in the case of CA, the UL/DL subband configuration can be obtained, i.e., a legacy UL-DL TDD configuration is configured in each carrier. Secondly, the legacy collision handling mechanism can be used in each carrier as much as possible. 

	MediaTek
	We don’t see a strong need for down-selection or periodization at this stage. All schemes can be considered at the start.



4. Potential enhancements for SBFD
4.1. UE collision handling between DL and UL
4.1.1. 1st round discussion
Several companies proposed to study potential enhancements to UE behavior for collision handling between DL reception/UL transmission [2][6][7][15][18][19][21][30][32] for SBFD operation, e.g. collision handling of UL transmission in DL or SSB symbols, collision handling of configured UL transmission and DL receptions in the same symbol, collision of DL reception in PRACH symbols etc.

Proposal 4.1:
Study potential enhancements for UE collision handling between UL and DL.

	
	Company

	Support
	Sony, IDC, Sharp, QC, New H3C, NEC, Xiaomi, Ericsson (support in principle, but clarification required), Spreadtrum, CATT, Panasonic, Intel, ITRI, Lenovo, ETRI, ZTE, Samsung, CMCC, DOCOMO, CEWiT, Nokia, NSB, LG Electronics

	Not support
	



	Company
	Comments

	QC
	Current 3GPP specification should be relaxed first to allow UL/DL multiplexing in same slot.

	vivo
	We would like to clarify following:
1. The UE should be Rel-18 SBFD capable UE.
2. The collision means the collision between the UL transmission in UL subband and DL reception in the DL subband in the same symbol in the same carrier, correct?

	OPPO
	In our view, the proposal, if agreed, does not necessarily mean the collision would happen for sure. So the following proposal modification is preferred. 
Proposal 4.1 (revision):
Study potential enhancements for UE collision handling between UL and DL.
· The study can include potential enhancements to avoid UE-side collision between UL and DL.
· Note: This does not mean the UE-side collision between UL and DL is not avoidable for all UEs (e.g., based on existing specification).  

	Ericsson
	Agree with QC's comment. We have the same clarification questions as vivo.

	Spreadtrum
	If non-transparent SBFD is applied, new DL/UL collisions may appear, we are open to discuss. 

	Samsung
	We are open to considering the benefits (and potential drawbacks) of enhanced DL reception/UL transmission collisions rules for UEs with enhanced SBFD support in later releases. However, existing UE behavior with respect to the R16 HD CA collision handling rules should be baseline and first captured as such by agreement.

	DOCOMO
	We share same view as vivo’s first question.
Regarding vivo’s second question, we think collision of UL transmission and DL subband (and DL reception and UL subband if DL subband on UL symbol is also supported) should also be in the scope.

	Nokia, NSB
	Without enhancements it may only be possible to operate with semi-static configuration of SBFD slots/symbols. 

	MediaTek
	Same clarification questions as vivo. It is essential to distinguish between legacy UEs and SBFD UEs in the proposals/discussions.



4.1.2. 2nd round discussion
Several companies proposed to clarify that UE in proposal 4.1 is SBFD capable UE.
The intention of the proposal is to be generic. The collision handling between UL and DL does not only include collision handling of both UL transmission and DL receptions in the same symbol, but also includes e.g. collision handling of UL transmission in DL or SSB symbols etc.

Updated Proposal 4.1:
Study potential enhancements for UE collision handling between UL and DL for SBFD capable UE.

	
	Company

	Support
	New H3C, DOCOMO, NEC, vivo, Intel, Panasonic, Xiaomi, CATT, Sony, CMCC, ZTE, Lenovo, Ericsson, Sharp,QC, SK Telecom, Samsung, ITRI, Nokia, NSB, IDC

	Not support
	OPPO



	Company
	Comments

	Lenovo
	SBFD is done by gNB, and Rel-18 UE may be aware of gNB SBFD operation. Thus, we propose the following modification:
Updated Proposal 4.1:
Study potential enhancements for UE collision handling between UL and DL for SBFD capable aware UE.

	Ericsson
	Support Updated Proposal 4.1

	OPPO
	Updated proposal 2-5 says “whether the location and bandwidth of a subband are informed to UE is separately discussed” . So before RAN1 determines that the UE would be informed of UL transmission in a UE-awared DL symbol, it is premature to assume the UE would know there is a collision and perform the corresponding handling. We can accept the following: 
 Updated Proposal 4.1:
Study potential enhancements for UE collision handling between UL and DL for SBFD capable UE, if it is supported for UE to be made aware  of such collision.

	QC
	Support as SBFD is transparent to legacy UE. 

	Samsung
	We support the updated proposal 4.1

	Huawei, HiSilicon
	Fine with the proposal

	InterDigital
	Support the proposal



4.2. Resource allocation
Due to UL subband within DL symbols, DL resource allocation for both physical channels, e.g. PDSCH and physical signal e.g. CSI-RS may be impacted and potential enhancements may be studied [6][10][15].
It is proposed in [10] that multi-slot PUSCH, e.g., PUSCH repetition Type A, and PUCCH repetitions can be configured for transmission using only the SBFD slots/symbols. Frequency domain resource allocation for PDSCH repetition is discussed in [20].
Separate PUSCH/PUCCH configurations for PUSCH/PUCCH transmissions in an UL sub-band is proposed in [21].

Question 4.1:
Do you agree to study the impact/potential enhancements of resource allocation in symbols with subbands?

	
	Company

	Agree
	Sony, IDC, Sharp, QC, New H3C, vivo, NEC, Xiaomi, OPPO, Ericsson, Spreadtrum, CATT, Intel, ITRI, Lenovo, ETRI, ZTE, Samsung, CMCC, DOCOMO, WILUS, CEWiT, Nokia, NSB, MediaTek, LG Electronics

	Not agree
	



	Company
	Comments

	InterDigital
	Basically, any kinds of configured periodic/semi-persistent resources are to be checked, as limiting those resources to be only used on some fixed slot/symbols are practically impossible and severely restricts flexibility in resource utilization.

	Ericsson
	Agree that all signals/channels should be checked. Some enhancements can be envisioned already, e.g., non-contiguous frequency domain resource allocation for CSI-RS.

	Samsung
	Yes. Both time-domain and frequency domain resource allocation should be studied.

	Nokia, NSB
	We think this proposal is related to “enhancements for UE collision handling”, i.e. enhancements to resource allocation in symbols with subbands may be seen as one way to enhance UE collision handling.

	
	

	
	



4.3. Initial access
Apple [17] thinks that it may be desired by a future release UE a signaling and procedure to indicate UE(s) about duplex operation at a cell before/during cell acquisition for cell (re)selection and proposed to study feasibility of a mechanism to indicate future release UE about cell duplex operation mode.
Samsung [10] and Nokia [22] see potential benefit for initial access in UL subband, e.g. PRACH and RRC/NAS signaling exchange during initial access in UL subband. 
[image: ]
Figure 4‑1: RACH occasion in UL subband [10]

Question 4.2:
Do you agree to study signaling and procedure to indicate subband non-overlapping full duplex operation at a cell for cell (re)selection?

	
	Company

	Agree
	Sony, QC, New H3C, Samsung (modified proposal), KDDI

	Not agree
	IDC (rather for study on BFR first), Sharp, NEC, Ericsson, Spreadtrum, CATT, Intel, ETRI, CMCC, Nokia, NSB, MediaTek, LG Electronics, ITRI



	Company
	Comments

	InterDigital
	We’re not so against on the study, but it seems better to be considered in a later phase or release, as cell (re)selection procedures happen not frequently. In a better step-by-step approach, we would suggest studying BFR procedure first which is designed for much dynamic recovery process based on Layer-1 measurements. 

	Sharp
	Future compatibility is not in the scope of SID.

	New H3C
	The signalling to the SBFD capable UE is needed before the UE start the FD operation. For legacy UE, it should ignore such signaling.

	vivo
	We think it should be low priority. 

	NEC
	Similar view as InterDigital

	Xiaomi
	We share the views that it can be deprioritized.

	OPPO
	Share the view with InterDigital. This study is not critical for SBFD operation. 

	Ericsson
	We think that as a baseline, SBFD should not be visible to UEs in IDLE mode. SBFD operation in CONNECTED mode should be prioritized.

	Spreadtrum
	It can be studied in the late stage. 

	Intel 
	We don’t think this issue should be studied at this stage. 

	ZTE
	Similar view as InterDigital.

	Samsung
	We see benefits in making it possible to use SBFD UL transmissions already during the Initial Access and NAS Attach procedure. We are not suggesting that existing cell (re-)selection behavior should be changed.
Actual NR TDD 30 kHz deployments experience much worse (~2x) total procedure time when compared to FDD NR low-band with 15 kHz. It must be considered that about 8-10 DL and UL messages must be exchanged in DL and UL directions each by the network and UE during NAS initial attach after RACH msg 4. These signaling exchanges are mostly “atomic” and “in sequence”, e.g., successful completion of a NAS procedure such as Authentication Request/Response is required before a subsequent NAS procedure such as NAS Identity Request can be initiated. NR TDD 30 kHz when compared to NR FDD 15 kHz in the NR low band is penalized by the average UL frame alignment delay incurred for each of the UL RRC and NAS messages due to limited number of UL slots. We assume that baseline for SBFD operation in the TDD cell is using SBFD when the UE is in RRC_CONNECTED. The UE can be provided with a dedicated RRC configuration for the SBFD UL SB when needed. However, enabling SBFD already during Initial Access, similar to R17 REDCAP early indication would allow much to compress the timeline and bring TDD on par with FDD during Initial Access. 
For using RACH in the SBFD slots, we see this as an independent question from Initial Access. The use of RACH ROs in the UL SBs for SBFD slots can avoid resource fragmentation in the UL slot. More contiguous UL schedulable BW becomes available to the gNB scheduler.
We propose the following modified wording,
“RAN1 to study potential benefits and specification impacts of SBFD during the Initial Access and NAS Attach procedure.”

	CMCC
	We don’t see the motivation to study it, since the SBFD deployment will not impact on SSB transmission and the cell selection/re-selection measurement procedure is the same as previous releases.

	DOCOMO
	We are open to this aspect but it should be lower priority than study of CONNECTED mode.

	WILUS
	We share the similar view with InterDigital.

	Nokia, NSB
	This does not seem to be an essential feature of SBFD. The benefits of a SBFD capable UE using information on SBFD operation in a cell when performing cell (re)selection are not fully clear. This requires discussion in RAN2. 

	MediaTek
	Not an essential issue at this stage of the SI.



Question 4.3:
Do you agree to study potential benefits and specification impacts of random access and initial access using UL subband?
	
	Company

	Agree
	Sony, Sharp, QC, New H3C, CATT, Intel, Lenovo, ZTE, Samsung, CMCC, DOCOMO, KDDI, Nokia, NSB, MediaTek, LG Electronics, SK Telecom, ITRI

	Not agree
	IDC, NEC, OPPO, Ericsson, Spreadtrum, ETRI



	Company
	Comments

	InterDigital
	Similar to Q4.2, we’re not so against on the study, but it seems better to be considered in a later phase or release. In a better step-by-step approach, we would suggest studying BFR procedure first which is designed for much dynamic recovery process based on Layer-1 measurements. 

	Sharp
	In Rel-17, msg3 has been identified as a potential bottleneck for coverage and a solution has been specified. From UL coverage point of view, study can be done in this SI.

	vivo
	Not a priority during SI. 

	NEC
	Advantage of using SBFD for initial access are not very clear. Besides, introducing initial access (e.g. PRACH) enhancements can result in more complex network operation because it would require additional signaling mechanisms for idle UEs and can result in lower system efficiency. We prefer to study this at a later stage.

	OPPO
	The SBFD operation framework could be different with initial access procedure, in which the RRC configuration could get lost. The pre-requisite could be putting subband information into broadcast signaling, which is not required for basic SBFD operation and should be postponed to later release.  

	Ericsson
	We don't think latency for connection setup is a bottleneck, hence in our view the latency and coverage improvements targeted in this study item should be focused on CONNECTED mode.

	Intel 
	We’re open to study SBFD in initial access. During the study, we should consider the impact on legacy UE. 

	ZTE
	We are open to consider SBFD for initial access. But maybe it should be treated as second priority.

	Samsung
	See our comments on question 4.2

	CMCC
	We are open to discuss it.

	WILUS
	We’re open to study SBFD during initial access. However, SBFD operation on RRC_CONNECTED mode should be studied with higher priority.

	Nokia, NSB
	Allowing use of SBFD slots/symbol during initial access procedure can improve the latency and resource utilization. 

	Huawei, HiSilicon
	Support. Compared with legacy TDD, SBFD has more UL resources in UL subband in SBFD slots. So it can be used to transmit PRACH to enhance the initial access. Of course, this may only be applicable for SBFD capable UEs.

	MediaTek
	Open to discuss.



4.4. CSI measurement/feedback enhancement
CSI measurement and reporting enhancements are proposed in [7][14][27].
It is proposed in [7] to study potential enhancements for CSI measurement and reporting for SBFD considering potential collision with subband.
It is proposed in [14] to consider to apply measurement skipping on some SBFD slots/symbols and power adjustment in deriving CSI.
It is proposed in [27] to study CSI feedback enhancements considering that the frequency resources for the duplex operation mode and those for CSI feedback may or may not be identical to each other at a given time instance.

Question 4.4:
Do you agree to study CSI measurement and reporting enhancements for SBFD operation?

	
	Company

	Agree
	Sony, IDC, QC, New H3C, vivo, NEC, Xiaomi, Ericsson, Spreadtrum, CATT, Panasonic, Intel, Lenovo, ETRI, ZTE, Samsung, CMCC, DOCOMO, CEWiT, KDDI, Nokia, NSB, MediaTek, LG Electronics

	Not agree
	



	Company
	Comments

	InterDigital
	Basically, as some examples of various configurable periodic/semi-persistent resources, periodic/semi-persistent CSI-RS based measurements are to be studied in relation to SBFD, as limiting those resources to be only used on some fixed slot/symbols are practically impossible and severely restricts flexibility in resource utilization.

	Ericsson
	We are okay to study, but we point out that subband CSI reporting in Rel-15 already supports reporting of non-contiguous subbands,

	Nokia, NSB
	We see the discussion on CSI resources and measurement enhancement s as a part of the discussion on resource allocation in section 4.2. 

	LG Electronics
	We think study of CSI measurement and reporting for supporting SBFD operation is required. Channel condition, Tx power, CSI-RS resource could not be identical between HD slot and FD slot. 

	
	

	
	



4.5. Others
There are some other enhancements proposed by companies, e.g.
· Timing advance offset to be configured as 0 [2]
· non-uniform MCS [8]
· time boundary alignment between UL and DL within a slot for SB-FD [24]
· impacts on reciprocity assumption due to separate Tx and Rx panels [29]

Question 4.5:
Do you see any other enhancements need to be discussed to enable SBFD operation?

	Company
	Comments

	Sony
	We support non-uniform MCS allocation for a TB where the CB/CBG in a TB can have different MCS such that lower MCS can be used for frequency resource that have strong CLI and vice-versa.
We can also consider non-uniform UL transmit power where different RBs can be transmitted with higher/lower power for a TB.

	InterDigital
	UL power control aspects need to be studied, as the UL subband allocation approaches to the DL subband allocation, the negative UE-to-UE CLI effects to DL performance increase (as shown in our initial evaluation results). 

	QC
	Other enhancement related to timing (e.g., timing advance or DL/UL alignment) should be studied.

	vivo
	Agree with InterDigital that UL power control should be studied. 

	NEC
	Effect of time alignment between UL and DL needs to be discussed, especially considering the inter-UE CLI caused by any misalignment. 

	Xiaomi
	We also agree with that UL power control should be studied.
Furthermore, the DL-to-UL switching period (between DL slot to UL subband from UE perspective) should also be considered. 

	OPPO
	In our view, UL power control can be discussed in interference solution, but not here. 

	Ericsson
	Not at this time

	Intel 
	We are fine to further study UL power control, valid symbol/slot for PUSCH/PUCCH with repetition, etc  

	Lenovo
	We think uplink power control for transmission in UL subband should be studied. 

	Samsung
	We see limitations when using existing legacy UL power control with SBFD. For example, when the gNB configures higher open-loop power control parameters for a UE to overcome the inter-subband CLI and self-interference in the SBFD slot, this may result in higher UL interference in the full UL slot, where no inter-subband CLI and self-interference occurs. Similar considerations apply to the closed loop power control component. We also see need to limit the maximum configured UE output power in SBFD slots, e.g., not just per serving cell per UE (or for the cells in FR1). The max configured UE output power determines the interference range of the aggressor UE transmitting in the UL SB. 
QCL assumptions for transmissions using the SBFD UL subband should be considered. 
We are open to consider benefits and impacts of transmit timing and possibly inter-UE alignment and frequency-domain resource allocation in the SI.

	CMCC
	TA offset and time boundary alignment should be studied.

	DOCOMO
	We are open to further study potential aspects, especially for UL power control and timing issues.

	Nokia, NSB
	We think that the gains of non-uniform MCS (and transmit power) should be evaluated before agreeing on support. Non-uniform transmission power may also be difficult to realize in practice, RAN4 input is needed. Timing advance and time-boundary issues should be first clarified. We think it is important to discuss the implication on reciprocity (as well as on reduced massive MIMO gain for same gNB volume) due to separate Tx and Rx panels. In general, we think it is too early to preclude discussions on other enhancements. 



5. Interference mitigation solutions
New interference types are introduced in SBFD operation, including self-interference, inter-subband CLI at both gNB and UE sides. There can be intra-subband CLI if subband configurations across cells are not aligned or when co-channel co-existence with legacy TDD cells.
Study of interference mitigation solutions is important to judge the feasibility and benefit of SBFD. Various interference mitigation solutions are proposed by companies where some of the solutions are RAN4-related, e.g. antenna isolation, analog/digital filter, RF cancellation, etc. Several companies discussed the need of RAN4’s inputs [2][6][7][22][30]. Given that interference modeling needs to be discussed in AI 9.3.1 for evaluation which also requires RAN4’s inputs, it is proposed to discuss later whether additional inputs from RAN4 are needed.
The proposals for UE-to-UE CLI mitigation and for gNB-to-gNB CLI mitigation are summarized in section 5.1 and 5.2 respectively. It seems that the discussion may overlap with the discussion in AI 9.3.3 and it is desirable that we first discuss how to organize the discussion to avoid repeating the same discussion in multiple agenda items.

Question 5.1:
How do you prefer to organize the discussion of CLI mitigation schemes which are applicable for both SBFD and dynamic/flexible TDD?
· Option 1: CLI mitigation schemes which can be applicable for both subband non-overlapping full duplex and dynamic/flexible TDD are discussed in agenda item 9.3.2.
· Option 2: CLI mitigation schemes which can be applicable for both subband non-overlapping full duplex and dynamic/flexible TDD are discussed in agenda item 9.3.3.

	
	Company

	Option 1
	Sony, IDC (in principle), new H3C, OPPO, Ericsson

	Option 2
	Sharp, QC, NEC, Xiaomi, Spreadtrum, CATT, Intel, Lenovo, CMCC, DOCOMO, CEWiT, LG



	Company
	Comments

	Sharp
	Inter-subband CLI should be discussed under this AI, and Intra-subband CLI should be discussed under 9.3.3.

	New H3C
	The CLI should be considered whatever in which item. If we have to select one ,we slightly prefer option1.

	vivo
	We are fine as either option as long as it will be discussed in one agenda for efficiency. 

	NEC
	It is preferable to have the common aspects for CLI mitigation for SBFD and flexible TDD should be discussed in 9.3.3. In 9.3.2, we should discuss the aspects only applicable to SBFD.

	Ericsson
	In our view, dynamic TDD can be viewed as a special case of SBFD where there are differing subband sizes within/between operators, and the subband size is either 0% or 100%. Hence, we think that CLI mitigation (if needed) can be discussed in 9.3.2 primarily. The discussion in 9.3.3 can simply be mitigation approaches that are specific to dynamic TDD.
In fact in our 9.3.3 contribution, we discuss how a phased approach could be adopted for studying dynamic TDD starting with a two operator scenario (SBFD and legacy static TDD) in a first phase (baseline) followed by later phases where the static TDD operator is replaced by a SBFD operator and differing subband sizes are introduced. Finally full-blown dynamic TDD can be studied. We think that CLI mitigation schemes (if needed) that are identified in earlier phases will be common to both SBFD and dynamic TDD.

	Panasonic
	We are fine with either option. 

	Intel
	While either option could work, and Option 2 is slightly preferred if we have to pick one, we are wondering if this categorization is sufficiently unambiguous in determining “applicability” to SBFD or dynamic/flexible TDD only or both, etc. Instead of categorizing from perspective of schemes/solutions, it may be better to categorize as suggested by Sharp – that inter-subband CLI be discussed under 9.3.2 and intra-subband CLI be considered under 9.3.3,

	ZTE
	It seems the chair and rapporteur’s guidance is to treat inter-subband CLI in 9.3.2 and intra-subband CLI in 9.3.3.

	Samsung
	We have no strong view and preference.

	CMCC
	Inter-subband CLI can be studied in AI 9.3.2 and intra-subband CLI can be studied in AI 9.3.3

	DOCOMO
	We are fine with either option but slightly prefer option 2.

	CEWiT
	Interference scenarios in dynamic TDD will also be present in SBFD, but interference scenarios like inter-subband CLI, intra-cell UE-to-UE CLI etc. will be specific to only SBFD. Hence, in our opinion, the CLI handling schemes applicable for dynamic TDD will also be applicable to SBFD. Therefore,  CLI handling schemes applicable for both dynamic TDD and SBFD should be studied in 9.3.3 whereas, CLI handling schemes specific to SBFD should be studied in 9.3.2.  

	Nokia, NSB
	We have same view as Sharp.  

	Huawei, HiSilicon
	As discussed during the GTW, it may be fine to study inter-suband CLI in 9.3.2 and intra-subband CLI in 9.3.3.

	MediaTek
	To manage the load in each agenda item, for SBFD and dynamic/flexible TDD, inter-UE CLI can be discussed in 9.3.2 and inter-gNB CLI in 9.3.3.

	LG Electronics
	We are fine with either option, and Option 2 is slightly preferred.



5.1. UE-to-UE CLI mitigation
CLI-RSSI and SRS-RSRP reporting introduced in Rel-16 are based on L3 filtered measurements and L3 reporting is configured with support for both event-triggered and periodic reporting. L1/L2 based UE-to-UE CLI measurement/report is proposed to be studied in [2][5][8][16][24][30][32].
In addition, subband-based CLI measurement/report is proposed to be studied in [8][10][18][32].
Power domain enhancements e.g. to increase DL transmission power for victim UE or to reduce UL transmission power from aggressor UE are proposed in [8][10][14][16][17].
There are other proposals for UE-to-UE CLI mitigation, e.g.
· Consider timing alignment on measurement RS transmission [3]
· event-based CLI sensing behavior at the victim UE side [14]
· measure SRS before PUSCH transmission for aggressor [17]
· specify a resource in which UE does not perform DL reception and UL transmission [23]
· Support UE Rx beam (QCL-D) configuration and indication per CLI measurement resource [32]

Companies can comment on which schemes should be discussed for SBFD operation in this agenda item.
	Company
	Comments

	Sony
	We should consider inter subband interference measurements since intra-cell UE to UE CLI is caused by inter-subband interference.  We expect a DL subband to be wideband and so the inter subband interference measurements within a DL subband should be divided into mini-blocks (or mini-subbands).  An example is shown below where the DL subband is divided into blocks {B#1, B#2, B#3, B#4} and the UE measures the inter subband  interference in each block. This would benefit the scheduler as it knows how aggressive (or what MCS) it can schedule a PDSCH for a UE that is close to the UL subband (i.e. in block B#1).
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We should also consider CLI measurement reports in L1 especially for intra-cell CLI since this are used for scheduling at the gNB.

	InterDigital
	We consider the following (which may not be disjoint approaches, but can be applied together to better cope with CLI):
· L1/L2 based UE-to-UE CLI measurement/report
· subband-based CLI measurement/report
· Power domain enhancements (gNB’s DL power backoff, UE’s UL power reduction)
· Victim UE-side event-based CLI sensing and subband switching (not LBT at Tx)
· measure SRS before PUSCH transmission for aggressor
· specify a resource in which UE does not perform DL reception and UL transmission (as “muted RBs” indications)
· Support UE Rx beam (QCL-D) (or aggressor UE’s SRS beam) configuration and indication per CLI measurement resource

	QC
	The study shouldn’t be limited to specific enhancement. This is the first meeting and all suggested schemes by the companies could be categorized and listed for further study.   
· Support L1/L2 based CLI reporting to increase flexibility and reduce reporting latency compared to Rel-16 L3 based framework
· Support UE Rx beam (QCL-D) configuration and indication per CLI measurement resource for enabling CLI-aware beam management
· Support subband-based CLI reporting for accurate measurement of CLI leakage in SBFD

	vivo
	About subband-based CLI measurement/report, from our understanding, it is already supported in Rel-16 by configuring appropriate nrofPRBs. We would like to ask proponent what additional enhancements are needed for subband-based CLI measurement/report for Rel-18 SBFD compared to Rel-16.
We think it is beneficial to study the L1/L2 based UE-to-UE CLI measurement/report. 

	NEC
	L1/L2 based CLI measurement and reporting should be studied. Also, beam specific enhancements can be considered for CLI mitigation. 

	OPPO
	R16 UE CLI can be a starting point and following enhancements can be considered:
· L1/L2 based UE-to-UE CLI measurement/report
· subband-based CLI measurement/report

	Ericsson
	We are open to discussing enhancements of Rel-16 CLI-RSSI and SRS-RSRP such as L1/L2 measurement reporting and subband reporting.

	Panasonic
	We consider that at least the following enhancements need to be studied. However, we are open for other enhancements.
· L1/L2 based UE-to-UE CLI measurement/report
· subband-based CLI measurement/report
· Power domain enhancements (reduction of UL transmission power from aggressor UE)

	Intel 
	In our view, it is better to consider some higher-level categories for different CLI mechanism. We can discuss each category. 
For example, 
· L1/L2 based CLI procedure
· Beam related enhancement for CLI 
· Timing enhancement for CLI
· New Information to exchange, etc.
… 


	Lenovo
	We think L1/L2 CLI measurement and reporting, along with spatial differentiation (e.g. measurements with different Rx beams), and power-level solutions, i.e. power control, should be studied.  

	ZTE
	Timing alignment for measurement RS transmission
In Rel-16 CLI, the time offset is derived by UE implementation. However, UE2 cannot derive the time offset accurately by itself, especially in some of the typical deployments of Rel-18 full duplex. Therefore, potential enhancement on timing alignment should be reconsidered in Rel-18.

	Samsung
	We think that introducing a UE reportable CLI-SINR measurement using a known configured DL measurement signal, e.g., NZP CSI-RS resource(s) is a better way to measure and report intra-cell inter-subband UL-DL interference than using SRS (as by R16 CLI).
Forcing the UEs to transmit SRS in the DL subband(s) of an SBFD slot is not only detrimental to DL throughput but is also questionable in terms of its usefulness to the gNB scheduler. When SRS is transmitted by a UE in the DL subband(s) of the SBFD slot, DL transmissions from the gNB in these measurement resources are muted. SIC is not active. UE reported signal strength measurements, e.g., SRS-RRSP are therefore not much representative of actual UL-DL inter-subband interference in the SBFD slot.

	CMCC
	As the discussion in question 5.1, we only need to focus on solutions for inter-subband CLI handling in this AI, and measurement and report of UE-to-UE inter-subband CLI should be studied.

	DOCOMO
	Agree with Intel’s suggestion for high-level category first. In our opinion, beam specific LCI report enhancement, L1/L2 CLI report enhancement, and subband CLI report enhancement are the most potential enhancements.

	CEWiT
	Same view as QC. However, we would like to add some more categories:
- Support dynamic measurement and reporting of CLI
- Support study of CLI handling schemes at aggressor UE (e.g., Tx beam related)
- Support study of  CLI handling schemes for improvement of measurement accuracy.

	KDDI
	We think that categorization and listing should be first. Regardless of whether the victim UE belongs to an adjacent carrier (i.e., other operator) or not, we believe that a mechanism to control the UL transmission of aggressor UE is necessary because the CLI impact is larger when the victim UE is in poor DL quality.

	Nokia, NSB
	We think it is too early to preclude any enhancement. We agree with Qualcomm that RAN1 should start by identifying, based on existing proposals, potential areas for enhancement, e.g.:
· Advanced UE RF requirements
· Power control enhancements
· L1/L2 based CLI reporting
· Schemes for accurate measurement of CLI leakage 
In particular, the focus should be on enhancements to handle intra-cell inter-subband UE-to-UE CLI. 

	Huawei, HiSilicon
	As discussed in our contribution, L1/L2 based UE-to-UE CLI measurement solutions should be studied at least.

	MediaTek
	No restriction on CLI mitigation need to be considered at this stage. CLI and SI will be the main issues for SBFD, and we should be open to discuss any solution that addresses these interferences.

	LG Electronics
	We are fine with identification of potential area for enhancement at this stage. 
In our view, L1/L2 based UE-to-UE CLI measurement/report can be included. Also, subband-wise CLI measurement can be considered for SBFD case.



5.2. gNB-to-gNB CLI mitigation
Various gNB-to-gNB CLI mitigation schemes were proposed in [2] [3][5][7][18][22][32]. The proposals are quite divergent. Please refer to respective contributions for more details.

Companies can comment on which schemes should be discussed for SBFD operation in this agenda item.
	Company
	Comments

	QC
	The study shouldn’t be limited to specific enhancement. This is the first meeting and all suggested schemes by the companies could be categorized and listed for further study. 
· Support inter-gNB coordination schemes to identify compatible inter-gNB beam pairs, which is enabled by inter-gNB CLI measurement and reporting per candidate DL/UL beam pair. 
· Support of inter-gNB CLI channel measurement and reporting to neighbouring gNBs for enabling Tx/Rx beamforming or nulling.
  

	Ericsson
	Our high level view is that gNB-gNB CLI mitigation (if needed) can be done by gNB implementation, and need not be specified.

	Intel 
	In our view, the following gNB to gNB CLI mitigation mechanism can be considered for SBFD operation:
· CLI measurement and reporting among gNBs 
· timing-synchronization assistance information exchange between gNBs
· subband configuration exchange between gNBs for SBFD operation
However, if a common solution is identified for both SBFD and dynamic TDD, RAN1 can further decide whether to continue the discussion under SBFD or dynamic TDD AI. 

	Lenovo
	We think dedicated resources for inter-gNB CLI measurement should be studied. 

	ZTE
	Regarding gNB-gNB CLI in Rel-18, 
 Framework for gNB-gNB CLI: e.g., using Rel-16 RIM Framework-1 as a baseline framework;
 Measurement RS: the existing DL RS (e.g., SSB, CSI-RS) can be reused as measurement RS;
UL rate matching/cancellation mechanism can be defined for more accurate measurement.

	Samsung
	(1) SBFD operation should not need to rely on inter-operator signaling (or inter-operator coordination).
(2) We also note that many gNB-side CLI measurements are possible by implementation and without specification support. For purpose of OAM and network configuration, the gNB can create silent intervals where no DL and UL transmissions are scheduled (or configured) in the serving cell and measure the DL signals from co- and adjacent channel neighbor cells in the deployment using SSBs or NZP CSI-RS or the transmitted DL signals. In principle, gNB-to-gNB CLI interference is observable by the base station. One drawback is that such gNB-specific measurements in the inter-operator-case can’t rely on a priori knowledge of the DL signal and when it will be transmitted from the measured base station.
(3) We think that RAN1 should study and evaluate the benefits of a new DL reference signal design to support intra-operator gNB-to-gNB (DL-to-UL) CLI measurements, because the existing R16 RIM-RS type 1 or 2 are not suitable for purpose of intra-operator gNB-to-gNB (DL-to-UL) CLI measurements in NR mid-band small deployments. Similar to R17 eIAB, providing desired/prohibited beam indications, but using Xn-AP to support intra-operator gNB-to-gNB (DL-to-UL) CLI mitigation could be a useful tool as CLI mitigation mechanism.

	CMCC
	As the discussion in question 5.1, we only need to focus on solutions for inter-subband CLI handling in this AI,
For inter-cell gNB-to-gNB inter-subband CLI handling, the following fields can studied:
· Subband analog filters
Inter-gNB coordination in time-domain, frequency-domain, spatial-domain, and power domain. Backhaul signalling enhancement may be needed to support inter-vendor cooperation.

	DOCOMO
	We think inter-gNB CLI measurement and information exchange can be studied.

	Nokia, NSB
	We think it is too early to preclude any enhancement. Possible schemes for gNB-2-gNB CLI mitigation may include:
· UL and DL power control
· Advanced gNB receivers
· Inter-gNB scheduling and beamform coordination 

	Huawei, HiSilicon
	As discussed in our contribution, following should be studied by RAN1:
· advanced IRC receiver
· TX beamforming
· Beam pairing for FR2
And following should be studied by RAN4, and the performance of these interference suppression and/or mitigation techniques should be provided to RAN1 to check the feasibility as well as the performance of SBFD:
· Antenna isolation
· Interference cancellation (analogue and digital domain)
· RX analogue filter
· Guard band

	MediaTek
	Inter-gNB CLI handling schemes should be studied given the high impact of this CLI on the system performance. Otherwise, it will be possible to assess the feasibility and performance of SBFD and DTDD schemes.

	LG Electronics
	For gNB-to-gNB CLI handling, gNB-to-gNB CLI measurement can be studied. And information exchange for supporting inter-gNB CLI measurement can be studied. 



6. Co-existence with legacy UE/ gNB
6.1. CLI with legacy UE
Intra-cell UE-to-UE CLI with legacy UE within a cell operating SBFD is discussed in [30] and [32].
Two options on Tx filtering for SBFD capable UEs (shown below) were discussed in [30], which may differ the CLI level to legacy UE. However, it is considered that the interference can be managed by gNB with proper user selection, scheduling and UL power control.
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Figure 6‑1: Inter-subband CLI between Rel-18 and legacy UEs [30]
It is considered in [32] that gNB should handle legacy UE by utilizing Rel-16 CLI framework and proper scheduling. In addition, it is proposed that UE RF requirements are not changed for coexistence study of legacy UE in RAN4.

For inter-cell UE-to-UE CLI, it is discussed in [30] that assuming same UL/DL resource partitioning across cells, legacy UE suffers inter-subband CLI same as intra-cell case. Otherwise if UL/DL resource partitioning across cells is not the same, there can be intra-subband CLI as well. 

It is not clear what needs to be concluded/discussed at this point. Companies please provide your comments/suggestions if any in the following table.
	Company
	Comments

	QC
	Similar thoughts as ones in proposal 3-1.

	vivo
	We do not think sub-band filter at the UE side should be assumed. Considering that legacy UEs can be scheduled in the sub-bands, we should assume the legacy UE implementation, i.e. wideband filter. 

	Ericsson
	Clearly gNB/UEs in a legacy operator's network cannot be expected to support enhancements to be able to coexist with an SBFD network on an adjacent channel. Based on this, it is vital in this study item to evaluate a two operator scenario in which Operator A implements SBFD and Operator B (legacy) uses static TDD. Our view is that SBFD would be introduced in brownfield deployments (i.e., ones with legacy). In such a deployment, UEs/gNBs in Operator B's network should not suffer degraded performance.

	Intel 
	In our view, it is important to analysis the impact to legacy UE, though it is not clear to us whether to discuss it in this agenda item or evaluation agenda item. 
When we evaluate co-existence with legacy UE without interference coordination, we should model the inter-subband interference based on existing filtering at legacy UE side, but the filtering at new UE side depends on RAN4’s study, e.g., subband based filtering. When we evaluate co-existence with legacy UE with interference coordination, we still need to assume existing filtering at legacy UE side.  In addition, the interference can be measured and reported by legacy UE based on Rel-16 CLI mechanism, and new interference handling can be applied by new UE, and interference coordination based on result from legacy and new UE can be applied. 

	CEWiT
	CLI schemes at aggressor UE (e.g., Tx beam related) can be considered to reduce impact on leagacy UEs.

	Nokia, NSB
	We think impact of SBFD operation on legacy performance is very important to evaluate. In this perspective, it is essential to assume a realistic model for both the in-band emissions and for the receiver selectivity for both gNB and UE. The model may depend on whether it can be assumed that the UE/gNB is using subband-specific digital and/or analogue filters. On the other hand, the gain of SBFD may also depend on how fast and dynamically the bandwidth of the subband-specific digital and/or analogue filters can be modified. All this requires feedback from RAN4 before RAN1 can conclude on the impact of SBFD on legacy operation.

	MediaTek
	It is essential to evaluate the impact to/from legacy UEs. Also, we need to distinguish between R16 UEs (that might support CLI measurement/reporting) and R15 UE which is not capable of CLI measurement/reporting.
In addition to the CLI impact, the possible solutions targeted for SBFD capable UEs might need to consider the presence of legacy UEs.

	LG Electronics
	At this stage, it is not clear whether subband filter (Opt 1 in Figure 6.14) can be applied to SBFD capable UE or not, which needs to be studied in RAN4. 
Nevertheless, it can be assumed that wideband filter (Opt2 in Figure 6.14) is applied for both SBFD capable UE and legacy UE. Hence, we think that RAN1 can start a discussion based on the assumption that wideband filter is for both SBFD capable UE and legacy UE. 



6.2. CLI with legacy gNB
For co-channel co-existence of legacy TDD gNB and SBFD gNB, if same UL/DL assignment is applied to legacy TDD gNB and SBFD gNB, and SBFD is only operated in legacy DL symbols as shown in Figure 6‑2, it is expected that SBFD operation has no impact to the UL reception of legacy gNB as analyzed in [5] and [30].
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[bookmark: _Ref102650901]Figure 6‑2: Impact on legacy gNB for SBFD operation in legacy DL symbols [30]
Otherwise if SBFD operation is operated in legacy UL symbol(s) as shown in Figure 6‑3, legacy gNB suffers DL-to-UL interference in UL symbols as analyzed in [30].
[image: ]
[bookmark: _Ref102651071]Figure 6‑3: Impact on legacy gNB for SBFD operation in legacy UL symbols [30]
It is proposed in [32] that co-channel co-existence with legacy gNB can be handled by gNB implementation technique such as subband muting (shown in Figure 6‑4), beamform nulling and interference cancellation.
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[bookmark: _Ref102651292]Figure 6‑4: Muting technique to handle coexistence with legacy gNB [32]
Intel [30] also analyzed the co-channel co-existence with legacy gNB with dynamic UL/DL assignment and legacy gNB or SBFD gNB may suffer DL-to-UL interference depending on UL/DL configuration combination, regardless of whether a UL or DL symbol can be configured with SBFD operation.

It is not clear what needs to be concluded/discussed at this point. Companies please provide your comments/suggestions if any in the following table.
	Company
	Comments

	QC
	Subband muting could be efficient technique to handle coexistence with legacy.  

	Ericsson
	Clearly gNB/UEs in a legacy operator's network cannot be expected to support enhancements to be able to coexist with an SBFD network on an adjacent channel. Based on this, it is vital in this study item to evaluate a two operator scenario in which Operator A implements SBFD and Operator B (legacy) uses static TDD. Our view is that SBFD would be introduced in brownfield deployments (i.e., ones with legacy). In such a deployment, UEs/gNBs in Operator B's network should not suffer degraded performance.

	Intel 
	In our view, it is important to analysis the impact to legacy gNB, though it is not clear to us whether to discuss it in this agenda item or evaluation agenda item. 
We can discuss 
（1）at least for aligned legacy TDD configuration case, whether legacy gNB suffers CLI interference from SBFD gNB, e.g., 
· If SBFD is only allowed in DL and F symbol, no impact on legacy gNB reception. 
· If SBFD is supported in UL symbol, there is intra-subband DL-to-UL interference to legacy gNB. There may be coexistence issue. 
(2) if legacy gNB suffers CLI interference from SBFD gNB, how to reduce the interference, and how much performance degradation is expected, if any.  
· E.g., Muting the corresponding PRBs in legacy gNB.  Then, the throughput is reduced in legacy gNB, etc. 
· E.g., Power adjustment 


	Nokia, NSB
	We think that co-channel co-existence with legacy gNB (by e.g. subband muting) does not require specific discussions in RAN1 but can be handled as part of gNB-to-gNB CLI mitigation (section 5.2).

	LG Electronics
	We have same view with Nokia. Co-channel co-existence with legacy gNB can be handled as part of gNB-to-gNB CLI mitigation.

	
	



7. Email discussion before GTW session
Moderator provided a set of updated proposals based on companies’ inputs before quiet time and the proposals were discussed over email with the following companies’ comments.

Proposal 2-1a:
Prioritize SBFD operation within a TDD carrier. 
· SBFD operation across different carriers within a TDD band (intra-band CA with different TDD UL/DL configurations) can be considered with lower priority.
	Company
	Comment

	New H3C
	We support this proposal

	vivo
	Do NOT support. The case that SBFD operation across legacy TDD carriers without SBFD operation within a legacy TDD carrier is not within the study scope. 

	 Lenovo
	Support 

	 Huawei, HiSilicon 
	 It is not clear what a lower priority means here. We could be okay if the intention is for performance evaluation purpose, but this should be clear spelled out in the proposal.

	 Ericsson
	Support 

We think SBFD across carriers should be 2nd priority since it comes with a built in requirement for UE support of UL CA of 3 carriers.
Suggest minor wording update “…(intra-band CA with different TDD UL/DL configurations on different CCs)…”

	 Intel 
	 Support 

	 InterDigital
	Support 

	 Xiaomi
	Same views as vivo. We don’t think the subbullet is within the scope and hence no effort is needed for intra-band CA case under the umbrella of SBFD.

	CMCC
	Support

	ZTE
	Maybe one way to go is to say "study SBFD operation within a TDD carrier".
Then we can delete the subbullet.

	ASUSTeK
	Fine with the proposal

	Samsung
	Support

	Spreadtrum
	Support. If SBFD operation within a TDD carrier can be directly applied for CA SBFD, we are also fine. However, at the early stage, it should be with low priority.  


 
Proposal 2-2a:
Study schemes of UL subband in legacy DL and flexible symbols. 
· Note: Legacy DL and flexible symbols are from gNB’s perspective
	Company
	Comment

	New H3C
	We are fine with Study schemes of UL subband in legacy DL.
Regarding flexible symbols, we should also study schemes of UL SB as well as DL SB. It isn’t clear to us why only to study schemes of UL subbands in flexible symbols.


	vivo
	Do NOT support. 
It is not necessary or fair to preclude DL subband in legacy UL/flexible symbol(s) without study in the first SI meeting. Both UL subband in legacy DL/flexible symbol(s) and DL subband in legacy UL/flexible symbol(s) are SBFD schemes that fit well with the SI scope, the SI justification is just justification, it should not limit our study scope. In reality, we have not only DL heavy TDD configuration, there is UL heavy TDD config. for vertical industries and for such case, the DL may become the bottleneck for the overall performance. In addition, the gNB-to-gNB subband CLI interference is more relaxed compared to the full band CLI in dynamic TDD that we are going to study, we do not see the logic to study dynamic TDD considering the co-existence scenario, but preclude study one SBFD scheme that DL subband in legacy UL/flexible symbol(s).
We suggest following modification for study:
Proposal 2-2a:
Study schemes of UL subband in legacy DL and flexible symbols. 
Study schemes of DL subband in legacy UL and flexible symbols.
-          Note: Legacy DL, UL and flexible symbols are from gNB’s perspective

	 Nokia, NSB
	It is not clear for the note. Why it is from gNB’s perspective? As the proposal to study UL subband (from UE perspective), we think the proposal is from UE perspective.

	 Lenovo
	We think “legacy DL and flexible symbols” are from UE perspective.  

	 Huawei, HiSilicon
	We would like to clarify what the “legacy DL and flexible symbols” means in the proposal. Does it include legacy DL and flexible symbols  configured by the gNB and legacy DL and flexible symbols determined dynamically by the gNB? 

	 Ericsson
	We support the intention of the proposal; however, as we raised in the email discussion it is necessary to consider legacy UE support (or lack thereof) for undetermined UL/DL direction. Therefore, we think the following should be added to the proposal:

Study shall consider whether or not legacy UEs fully support undetermined UL/DL direction, i.e., cell-common configuration with 'flexible' symbols

Similar to Nokia’s comment, we don’t understand why the note is added. 

Contrary to vivo’s comment, we think DL subband in legacy UL / flexible symbols is out of scope of the SID. The justification section of the SID explicitly states provision of additional UL opportunities, not additional DL opportunities.

	 Intel 
	 We’re fine with the proposal.
In our view, the main bullet concerns interpretation from not only gNB’s but from UE’s perspective as well. While the exact interpretation for a symbol may differ between gNB and UE -e.g., a symbol could be “flexible” for a UE, but “DL” for a gNB. Considering this, describing the proposal from a UE’s perspective (as long as no case is missed) is desirable to avoid any confusions down the road.
In this regard, the “legacy DL and flexible symbols” should be those symbols identified by a UE based on semi-static configurations (or their absence, in which case all symbols are identified as semi-static flexible symbols). Accordingly, we propose the following text for the Note.

Note: Legacy DL and flexible symbols are the symbols determined as such based on semi-static TDD DL-UL configurations.

Regarding vivo’s comment, we share same view with E///. 

Regarding the legacy UE’s capability for flexible symbol mentioned by E///, in our understanding, it is mandatory for all UEs since Rel-15 to be able to handle “flexible” symbols by semi-static configurations (please check UE feature 5-1, component 7, it is optional for a gNB to provide semi-static TDD DL-UL configurations since Rel-15, but UE still has to work properly in this case), and thus, there is no need to revisit such considerations. Furthermore, it is certainly not in RAN1 scope to check and evaluate if UEs in the field are supporting mandatory requirements. Therefore, we think there is no need to add such sub-bullet. 

	Xiaomi
	We are generally fine with the proposal. However, we are not sure why do we need to study UL subband in flexible symbols. Considering gNB can schedule a UE to transmit or receive on the flexible symbols up to itself, the current specification already support duplex operation in flexible symbols from gNB side. We are not sure what kind of enhancement is needed for flexible symbols.

	CMCC
	We are fine with this proposal, regarding the definition of “legacy DL and flexible symbols”, we think it can be clarified as “DL and flexible symbols configured by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated”

	ZTE
	Similar as other companies, the "flexible symbols" need to be calrified.

	ASUSTeK
	Though the final specification impact may be up to detailed signaling design, we think for flexible symbol UL subband and DL subband should be treated equally  at this point (e.g. for flexible symbol those resource NOT part of UL subband are implicitly DL subband?). For DL symbol, Ericsson’s and Intel ‘s comments seem valid that it’s  out of scope.
Regarding the note, we also think it could be removed, probably the following edit could be considered:
Study schemes of UL subband and/or DL subband in legacy DL and flexible symbols indicated by legacy RRC signaling and/or legacy DCI format 2_0. 


	Samsung
	We support main bullet. 
Regarding the note, our understanding is the legacy DL and flexible symbols are from both gNB’s and UE’s perspective, not gNB perspective only. If it is gNB perspective only, does it allow DL subband in UE’s UL symbols? We does not support DL subband in UL symbols.

	Spreadtrum
	We support the proposal.
DL subband in UL symbols should be with low priority, it is against the justification of UL coverage, delay etc. 
Agree with DL symbol and flexible symbol are from gNB’s perspective, because transparent or non-transparent SBFD have not been decided yet, the symbol directions can be known for gNB at least.


 
Proposal 2-2b:
For discussion purpose, SBFD symbols is defined as symbols with subbands that gNB would use for SBFD operation. 
· Note: it does not imply a new symbol type is introduced.
	Company
	Comment

	New H3C
	We are fine with this proposal

	vivo
	Support

	 Lenovo
	Can be a conclusion.  

	 Huawei, HiSilicon
	 Support

	 Ericsson
	Support
However, we would like to clarify what is meant by “new symbol type”. Does it preclude the configuration of RB sets within such a symbol? Hopefully not. 

	 Intel 
	 Support 

	 InterDigital
	Support. The Note may not be needed and can be removed. 

	 Xiaomi
	 Support

	CMCC
	Support

	ZTE
	Support

	ASUSTeK
	Fine with the proposal. Since it’s already clarify that it’s “for discussion purpose”, we think the note could be removed.

	Samsung
	Support

	Spreadtrum
	Support


 
 
Proposal 2-3a:
A subband consists of a set of consecutive RBs for the same transmission direction.
	Company
	Comment

	New H3C
	We suggest adding RBG to resource granularity of subbands for further study.
A subband consists of a set of consecutive RBs/RBGs for the same transmission direction.

	vivo
	Support

	 Lenovo
	Support 

	Huawei, HiSilicon
	We assume this proposal is also intended to facilitate discussion, it has nothing to do with how a subband is configured or indicated. Hence, we suggest to add “For discussion purpose”.

	 Ericsson
	Support. Maybe it should be clarified that it is “within a TDD carrier”

	 Intel 
	 Support 

	 InterDigital
	Support, but should add “For discussion purpose” at the beginning.

	 Xiaomi
	Support Ericsson’s suggestion.

	CMCC
	Support, Ericsson’s version is also fine to us

	ZTE
	This is for discussion purpose, right? 
We propose to add "For discussion purpose".

	ASUSTeK
	In general the proposal is fine, while it seems not clear whether it’s from UE’s perspective or gNB’s perspective and whether they are always consistent? Prefer InterDigital’s edit. 

	Samsung
	Agree with Huawei, HiSilicon. We need to separately discuss how to configure/indicate a subband and whether to allow different direction scheduling e.g., dynamic DL reception scheduling within UL subband. 

	Panasonic
	We support the granularity of subband is RB-level and not RE-level. On the other hand, the current wording implies that the minimum unit of subband is 2 RBs and more because it says "a set of consecutive RBs" (e.g., RBG is used to configure subband size instead of RB). We propose to add sub-bullet: "FFS: the size of consecutive RBs"

	Spreadtrum
	Support, also fine with Ericsson’s update.


 
Proposal 2-3b:
For SBFD operation within a TDD carrier, at least consider only one UL subband and up to two DL subbands within the carrier from gNB’s perspective.
· FFS more than one UL subband within the carrier
	Company
	Comment

	New H3C
	We are fine with this proposal.

	vivo
	Although we do not see the need to limit the number without any study, if majority support the proposal, we are fine with it. 

	 Nokia, NSB
	It should be FFS. No need to have this agreed in this early stage. We think it is still needed to have a discussion in RAN1/RAN4 about the benefits (if any) to place the UL subband in the inner part of a TDD carrier. 

	 Lenovo
	Do not support. Feasibility study is needed before determining the max number of subbands. 

	 Huawei, HiSilicon
	 Okay

	 Ericsson
	Support. 

Regarding Nokia’s comment, the proposal says “up to two DL subbands;” hence it seems both D-U-D and D-U configurations are considered.

	 Intel 
	 Support 

	InterDigital
	Support, but should remove ‘only’. Then, it reads like “at least consider one UL subbnand and up to two DL…”

	Xiaomi
	Support. 

	CMCC
	Support

	ASUSTeK
	FFS, too early to make such decision.

	Samsung
	Support the intention. 
Regarding FFS, we are not sure the motivation to allow multiple UL subbands, but ok to discuss it. 

One clarification is does this proposal preclude different UL subbands across slots. For example, it is unclear whether the case where UL subband 1 is used for slot 0/1 and UL subband 2 (different location/bandwidth in frequency) is used for slot 2/3 is precluded or not? 

	Panasonic
	We share the same view as vivo.

	Spreadtrum
	Support. It is good to simplify the inter-band CLI analysis, and resource allocation efficiency.

	ZTE
	OK


 
Proposal 2-5a:
The time and frequency location of subbands are configurable.
· Note that whether the time and/or frequency location of subbands are informed to UE is separately discussed.
	Company
	Comment

	New H3C
	We are fine with this proposal.

	 Apple
	The intention is not yet clear to us. If the purpose of this proposal it the configuration to be indicated to UE, then the whole proposal has to be discussed under the sub-bullet. If the configuration is a matter of gNB only, and transparent to UE, we don’t need to agree on something here.

	vivo
	Support

	 Lenovo
	Support 

	 Huawei, HiSilicon
	 We have the similar question as Apple. It is not entirely clear whether there is a configuration from gNB point of view is needed if it is not conveyed to the UE.

	 Ericsson
	Support

	 Intel 
	 As Apple points out, the wording for the main bullet is a bit confusing. 
If the intention is to say that they are not pre-defined/specified, we should just say that. For example, 

Proposal 2-5a:
The time and frequency location of subbands are configurable not fixed or pre-defined in the specifications.
-        Note that whether the time and/or frequency location of subbands are informed to UE is separately discussed.

	InterDigital
	Support the proposal in principle. However, we prefer to remove the Note, or change ‘whether’ to ‘how’, since the main bullet says they are configurable then they should be anyhow informed to the UE even in an implicit way.

	Xiaomi
	Support.

	CMCC
	Support

	ZTE
	Similar question as Apple.

	ASUSTeK
	Think Intel’s edit is better, and the note could be removed after such formulation. Note that though we could understand the intention, while strictly speaking  “subband” is a concept of frequency domain rather than time domain, so we could focus on “frequency location” in this proposal and remove “time”  for now. (Also proposal 2-2a already implies SBFD symbols are not fixed/predefined).

	Samsung
	Support. 

	Panasonic
	We share the same view as Apple.

	Spreadtrum
	Before the decision of transparent or non-transparent SBFD scheme, “configurable” can be replaced by “decided by gNB for SBFD operation”


 
Proposal 3-1a:
Existing RAN1 specification supports gNB to schedule legacy UEs to transmit UL in UL-only symbols or in UL subband in symbols with SBFD operation at gNB side and to receive DL in DL-only symbols or in DL subband in symbols with SBFD operation at gNB side.
· Further study whether or not legacy UEs fully support UL transmission and DL reception in symbols with undetermined UL/DL direction (i.e., flexible symbols)
	Company
	Comment

	New H3C
	It isn’t clear to us how to support “A subband consists of a set of consecutive RBs for the same transmission direction” by Existing RAN1 specification.

	 Apple
	Do not support. SBFD configuration is a concept at gNB only. Yes, even in current spec gNB may configure different UL-DL TDD configurations to different UEs, UE1 and UE2, so at a given symbol one is transmitting and another is receiving, but each UE follows its own TDD indication based on which a UE won't transmit in a D symbol or expect to receive in a U symbol. 

	vivo
	Support the direction. For the sub-bullet, we understand the concern from companies that in reality, the legacy UE may not fully support or be tested for the flexible symbols. And this may impact on the signaling design. So is it better to modify the sub-bullet as below:
-          Further study whether or not That the legacy UEs may not fully support UL transmission and DL reception in symbols with undetermined UL/DL direction (i.e., flexible symbols) should be taken into account.

	 Nokia, NSB
	Still confusing. Of course, legacy UEs can only transmit UL in UL-only symbols or in flexible symbols. But why “in UL subband in UL or flexible symbols”? First of all, it does not make sense to speak of UL subband in UL symbols. Also, even with SBFD enabled, the gNB may decide to configure a flexible symbol as an UL symbol, in which case a legacy UE should not be restricted to transmit in UL subband in flexible symbols. Similar issue for legacy UE to receive DL.

	 Huawei, HiSilicon
	Even though we are fine with the intention of the proposal, we think it is not accurate to say that the gNB can schedule legacy UE in UL subband in SBFD symbols since the symbol may be configured as DL for legacy UEs.

	Ericsson
	Support.
We are fine with vivo’s update to the sub-bullet

	 Intel 
	We support the intension of main bullet of the proposal, with the understanding the symbol (UL, or DL, or SBFD) and subband is from gNB's point of view while legacy UE can only see legacy UL/DL/F symbol without knowing which symbol is SBFD symbol and the frequency location of the subband.  

Regarding the sub-bullet, as commented for proposal 2-2b, no need of the sub-bullet. Furthermore, it is confusing, what does “in symbols with undetermined UL/DL direction” mean.  For example, if in a semi-static F symbol, there is SSB,  is it a symbol with undetermined UL/DL direction ? 


	Xiaomi
	From our understanding, the purpose is to conclude that legacy UE behavior is not impacted due to the subband.  We are OK with the intention. However, there is some confusions on the current wording. For example, the UL subband is typically configured in DL symbols. In this case, Gnb cannot schedule the legacy UE to transmit uplink within the UL subband.  The main bullet can be rewording in a simplified formula, like:  The legacy UE behavior on TDD carrier is not impacted by SBFD operation…

	CMCC
	We support this proposal.
Regarding the sub-bullet, it is very important key issue to be considered in the SBFD configuration signalling design, e.g., whether the time/frequency resource configuration of subband is transparent to UE or not, whether a common signalling is used  for both legacy UEs and SBFD capable UEs

	ZTE
	Similar view as Huawei.

	ASUSTeK
	We agree that legacy system supports some sort of “subband operation” in terms of “flexible symbols” and “network scheduling of frequency resource”. While it also true that this cannot be done in full flexibility as that is enjoyed by Rel-18 duplex enhanced UE, e.g. it’s for sure that legacy UE could not transmit on symbol indicated. If the main focus is on “flexible symbol” only, it’s unclear what needs to be further study given the fact disclosed by the main bullet.

	Samsung
	The intention of the proposal is, by gNB’s configuration/signaling, a legacy UE can transmit UL signal in a time-frequency resource intended to UL subband if the time-frequency resource overlaps with flexible symbol. No need to mention UL symbol and DL symbol since it is evident that the legacy UE cannot receive or transmit on UL symbol or DL symbol, respectively. 

Existing RAN1 specification supports gNB to schedule legacy UEs to transmit UL in UL-only symbols or in a time-frequency resource intended for UL subband in symbols with SBFD operation at gNB side and to receive DL in DL-only symbols or in a time-frequency resource intended for DL subband in symbols with SBFD operation at gNB side.

We are ok to keep the sub-bullet. But, from RAN1 specification point of views, isn’t it clear? This sub-bullet should be for the issue on “test” in legacy UEs, not RAN1 specification. 


 
Proposal 4-1:
Study potential enhancements for UE collision handling between UL and DL.
	Company
	Comment

	New H3C
	We are fine with this proposal.

	 Apple
	Tends to agree but the scope is large. Who resolves the collision, is it gNB or victim or aggressive UE?

	vivo
	For moderator’s following comments:
“From moderator’s point of view, it should be clear that enhancements/new design do not apply to legacy UE so even without “SBFD capable UE”, there should be no confusion that the proposal may apply to legacy UE.”
Does above proposal also apply to legacy UE? 

	 Moderator
	Sorry for the confusion. What I intended to say is that the proposal does not apply to legacy UE even without ‘SBFD capable UE’. Or in other word, the proposal should not be understood as applicable to legacy UE.

	 Nokia, NSB
	Is it for SBFD capable UE or also for legacy UE? We support it to be studied for SBFD capable UE.

	Lenovo
	Support

	Huawei, HiSilicon
	Support and agree this can be applicable to both legacy UE (not necessarily other SBFD features) and SBFD capable UEs.

	Ericsson
	We think there would be no harm to clarify that the proposal applies to SBFD capable UEs. We also think there can be a collision between a scheduled/configured UL or DL signal with a guardband, hence this should also be considered in the study.

Suggest the following update to capture this:

Study potential enhancements for UE collision handling between UL and DL and between UL or DL and a guardband.

	Intel 
	In our view, how to handle the collision is from UE’s perspective. 
Since legacy UE can not identify SBFD symbol, any enhancement for collision handling for SBFD is only for SBFD capable UE. With this understanding, we support the proposal. 

	InterDigital
	Support the proposal 

	Xiaomi
	Support.

	CMCC
	We also think this issue is for SBFD capable UE only

	ZTE
	OK

	ASUSTeK
	Support the proposal

	Samsung
	We support the proposal. 
At least for legacy UEs, gNB should take into account the potential DL/UL collision since the legacy UEs cannot know the presence of SBFD operations. For SBFD-capable UEs, we are fine to study further DL/UL collision handling rule.

	Spreadtrum
	We do not support. It can be postponed until non-transparent SBFD is agreed.


 
Proposal 5-1:
CLI handling schemes which are common for both SBFD and dynamic/flexible TDD are discussed in agenda item 9.3.3.
CLI handling schemes specific for SBFD are discussed in agenda item 9.3.2.
	Company
	Comment

	New H3C
	We are fine with this proposal.

	vivo
	Support 

	 Nokia, NSB
	We suggest to update it as:
Inter-subband CLI should be discussed under 9.3.2, and Intra-subband CLI should be discussed under 9.3.3.

	 Lenovo
	Fine with the proposal. 

	 Huawei, HiSilicon
	 Support

	 Ericsson
	Support the proposal.

We don’t think the proposal should be changed to specify inter- and intra-subband CLI, since when coexistence with legacy is considered (cochannel or adjacent channel), there are no subbands.

	 Intel 
	 We share similar view with NOKIA. 
Instead of categorizing from perspective of schemes/solutions, it may be better to categorize CLI type.

	Xiaomi
	Support.

	CMCC
	We support this proposal which is aligned with the category of endorsed TR skeleton.
[bookmark: _Toc103316037]6.3 Inter-gNB and inter-UE CLI handling schemes
Editor’s note: This section captures the potential inter-gNB and inter-UE CLI handling schemes that are specific for SBFD.

[bookmark: _Toc103316059][bookmark: _Toc103163478]8.1 Inter-gNB and inter-UE CLI handling schemes
Editor’s note: This section captures the potential inter-gNB and inter-UE CLI handling schemes that are specific for dynamic TDD and schemes that are common for both SBFD and dynamic/flexible TDD.


	Samsung
	We agree with CMCC. 

	Spreadtrum
	Support



8. Proposals for GTW session
Updated Proposal 2-1a:
Prioritize SBFD operation within a TDD carrier. 
· SBFD operation across different carriers within a TDD band (intra-band CA with different TDD UL/DL configurations on different CCs) can be considered with lower priority.

Updated Proposal 2-2a:
Study schemes of UL subband in legacy DL and flexible symbols configured by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated. 
· Note: Legacy DL and flexible symbols are from gNB’s perspective

Updated Proposal 2-2b (for conclusion):
For discussion purpose, SBFD symbols is defined as symbols with subbands that gNB would use for SBFD operation. 
· Note: it does not imply a new symbol type (in addition to DL, UL and flexible) is introduced.

Updated Proposal 2-3a:
A subband consists of a set of consecutive RBs for the same transmission direction within a TDD carrier.

Updated Proposal 2-3b:
For SBFD operation within a TDD carrier, at least consider only one UL subband and up to two DL subbands within the carrier from gNB’s perspective.
· FFS more than one UL subband within the carrier

Updated Proposal 2-5a:
The time and frequency location of subbands are configurable at gNB side (i.e. time and frequency location of subbands are not fixed or predefined in the specification).
· Note that whether the time and/or frequency location of subbands are informed to UE is separately discussed.

Updated Proposal 3-1a:
Existing RAN1 specification supports gNB to schedule legacy UEs to transmit UL in UL-only symbols or in a time-frequency resource intended for UL subband in symbols with SBFD operation at gNB side and to receive DL in DL-only symbols or in a time-frequency resource intended for DL subband in symbols with SBFD operation at gNB side.
· Further study whether or notThat the legacy UEs may not fully support UL transmission and DL reception in symbols with undetermined UL/DL direction (i.e., flexible symbols) should be taken into account.

Proposal 4-1:
Study potential enhancements for UE collision handling between UL and DL at UE side.

Proposal 5-1:
CLI handling schemes which are common for both SBFD and dynamic/flexible TDD are discussed in agenda item 9.3.3.
CLI handling schemes specific for SBFD are discussed in agenda item 9.3.2.
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