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Introduction
In RAN#94 e-meeting, new SID on evolution of NR duplex operation was approved. One of the objectives is to study the subband non-overlapping full duplex. The detailed objectives are excerpted as below: [1] 
	The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).


 In this contribution, we provide our analyses and views on the subband non-overlapping full duplex.
Discussion
As discussed during preparation phase of Rel-18 NR duplex operation, the motivation of supporting full duplex within a slot is to enhance the uplink transmission, in terms of coverage, latency and capacity. It is also captured in the justification section of SID, which is excerpted as below:
	[bookmark: _Hlk89819308]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.
< -----omitted text---->
This study aims to identify the feasibility and solutions of duplex evolution in the areas outlined above to provide enhanced UL coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operations in unpaired spectrum. In addition, the regulatory aspects need to be examined for deploying identified duplex enhancements in TDD unpaired spectrum considering potential constraints.


Based on previous discussion and the SID, the common understanding on the type of subband seems to be UL subband, which exists in DL slot and is used for uplink transmission. On the other hand, the motivation of configuring/indicating a DL subband in an uplink slot is unclear.  Considering uplink subband is already on the table, a DL dominated TDD UL-DL configuration is feasible which can certainly guarantee DL performance.  More importantly, configuring/indicating DL subband in an uplink slot has significant impacts on legacy UEs, which is not desired. One example is shown in Figure1 and the interference from UL/DL subband is summarized as below:
· For case a), a UL subband is configured or indicated in a DL slot. For a legacy UE which receives downlink channel or signal, it suffers uplink interference from other UEs in the same cell.
· For case b), a DL subband is configured or indicated in a UL slot. For a legacy UE which transmits uplink channel or signal, gNB suffers downlink interference from cellist own transmitter.
From perspective of legacy UE, the DL interference from same serving cell is much stronger than UL interference from other UE. In the other words, DL subband in a UL slot introduces more significant impacts for legacy UE, which needs carefully study.


Figure 1: Examples of subband type for duplex operation

Proposal 1: Clarify the type of subband for duplex operation, i.e. whether it can be used for DL transmission in a UL slot.

Duplex operation allows simultaneous transmission and reception at gNB side. At UE side, it can either transmit or receive signal on an OFDM symbol.  For Rel-18 duplex UE, gNB can either configure a UL subband explicitly or schedule uplink transmission in a DL slot without UL subband configuration. Consequently, there would be two kinds of resources in a DL slot, i.e. UL resources and DL resources.  One example is shown in Figure 2. For duplex UE, it only expects uplink scheduling in slot#1, slot#2 and slot#3 on the UL subband. While for legacy UE, there is no way to obtain information related to UL subband. Hence UL subband should be totally transparent for legacy UE. Accordingly, the following behaviour in Rel-15/16/17 should be maintained for legacy UE.
· UE doesn’t expect to transmit on DL symbols. In the other words, gNB should not schedule a legacy UE to transmit uplink on UL subband if it exists.
· UE doesn’t expect to receive on UL symbols. In the other words, gNB should not schedule a legacy UE to receive downlink on DL subband if it exists.
· UE can transmit or receive on flexible symbols depending on indication from gNB
· UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception by the UE on the set of symbols of the slot.

 
Figure2: Illustration of UL subband in DL slots
Proposal 2: Subband related to duplex operation is transparent for legacy UE and the following legacy behaviour should be kept:
· [bookmark: _Hlk102136988]UE doesn’t expect to transmit on DL symbols.
· UE doesn’t expect to receive on UL symbols.
· UE can transmit or receive on flexible symbols depending on the indication from gNB
· UE does not expect conflict between DL reception and UL transmission on the same flexible OFDM symbol.

For unpaired spectrum, slots within a TDD UL-DL configuration periodicity can be categorized into three types, i.e. DL, UL and flexible. Duplex UE can transmit uplink in a DL slot or receive downlink in a UL slot. While for flexible slot, current specification already allows gNB to schedule a UE with downlink reception and another UE with uplink transmission, in thoery. Hence there is no standard impacts for supporting duplex operation at gNB side on flexible symbols. More critical issue is how to identify the UL resources in a DL slot or the DL resources in a UL slot. Accordingly, there are three possible solutions to realize subband-based duplex operation at gNB side:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Option 1: Duplex operation is only allowed on flexible symbols. In order to facilitate duplex operation, network needs to configure flexible dominated TDD UL-DL structure. For DL slots, it is still used for DL reception and UL transmission is not expected.
· Option 2: Configure the UL subband in DL slot explicitly, e.g. via RRC signalling. 
· Option 3: UL transmission in DL slot is indicated by UL grant or configured with RRC signalling, i.e. gNB does not configure UL subband in DL slot explicitly. There are two solutions for duplex UE to recognize UL subband in DL slot:
· Option 3-1: Duplex UE is allowed to transmit uplink in DL slots. Whether it transmits or receives depends on gNB’s scheduling or configuration.
· Option 3-2: Network configures specific TDD UL-DL configuration for duplex UE, i.e. the DL slots containing UL subband are configured as UL slots for duplex UE.

 
Figure 3: Example of different duplex options
There are pros and cons for each option. For option 1, it has zero standard impacts. For each gNB in the network, it has full power to decide the transmission direction in a flexible slot. Considering the UL traffic load and DL traffic load are diverse for gNB, different scheduling decision, i.e. uplink or downlink, among gNBs is typical. Consequently, there would be serious cross link interference among gNBs as coordination is impossible. Hence flexible slot based duplex is only possible for isolated scenarios, e.g. femeto.  On the other hand, traffic ratio between DL and UL is stable in a statistical manner, a flexible dominated TDD UL-DL configuration may be unnecessary. 
For option 2, a UL subband is explicitly configured for a duplex UE in a DL slot. gNB can determine whether to schedule duplex UE to transmit on the UL subband or to receive on the DL resources based on realistic requirement. The UL subband is not necessarily configured within the active UL BWP, which brings more flexibility on UL scheduling.  One example is shown in Figure 4. In case 1, the UL subband is configured starting from the lowest RB in the active DL BWP, which is not contained by the active UL BWP. In case 2, the UL subband is configured within the frequency range occupied by the active UL BWP. Furthermore, option 2 is friendly to cross link interference mitigation across gNBs as gNB can easily exchange the information of intended UL subband configuration. 


Figure 4: Examples of UL subband configuration in DL slots
For option 3, it can be achieved by either allowing duplex UE to transmit uplink in DL slots or configuring the UL subband slots as UL slot for duplex UE. It has trivial standard impacts. However, no matter which direction is adopted, uplink transmission is restricted within the frequency range of active UL BWP. The flexibility on UL resource allocation is worse than option 2. Considering duplex UE has to take active UL BWP as reference, the bandwidth of digital filter equals to that of active UL BWP. Based on this assumption, it cannot suppress the DL interference coming from the RBs within the UL BWP, which leads to poor performance.  Furthermore, gNB can only schedule duplex UE with uplink transmission in the slots containing UL subband if option 3-2 is adopted.
Table 1: Summary of option 1, option 2 and option 3
	Option
	Pros
	Cons

	Option 1
	· Zero standard impacts.
· Has zero impacts on legacy DL transmission on DL symbols.
· Legacy mechanisms of scheduling can be fully reused.
	· Not friendly for gNB coordination;
· Only possible for isolated scenarios;
· Increase the complexity for gNB scheduling as more flexible slots are configured.
· Cannot suppress CLI from the RBs within the bandwidth of UL subband.
· More complicated for multiplexing between DL of legacy UE and UL of duplex UE.

	Option 2
	· Has more flexibility on UL subband configuration.
· Has more flexibility on scheduling, i.e. a duplex UE can be scheduled with UL transmission or DL reception in a DL slot containing UL subband.
· Good performance on CLI suppression.
· Friendly for interference mitigation.
· Legacy mechanisms of scheduling can be fully reused.
	· Need to introduce UL subband configuration.
· DL cannot be transmitted on the resources within UL subband.

	Option 3
	· No UL subband configuration is needed;
· Legacy mechanisms of scheduling can be fully reused.
	· Not friendly for gNB coordination.
· Cannot support DL reception once the slot is configured as UL slot is configured for duplex UE.
· Cannot suppress CLI from the RBs within the bandwidth of UL subband.
· More complicated for multiplexing between DL of legacy UE and UL of duplex UE.



Proposal 3: Further study the following options for UL subband determination:
· Option 1: Duplex operation is allowed on flexible symbols only.
· Option 2: Configure the UL subband in DL slot explicitly. 
· Option 3: UL transmission in DL slot is indicated by UL grant or configured with RRC signalling, i.e. gNB does not configure UL subband in DL slot explicitly.

For unpaired spectrum, guard period is needed between DL region and UL region. Similarly, guard period is also needed between the last OFDM symbol in DL region to the first OFDM symbol in UL subband. One example is shown in Figure 5, wherein DL-to-UL switching point between DL slot and UL subband is needed in addition to the legacy guard period.  The additional DL-to-UL switching point can be configured explicitly or implicitly, either in DL slots or in UL subband. However, the overhead should also be carefully evaluated as the guard period cannot be used for transmission and reception. Additional DL-to-UL switching point would reduce the spectrum utilization.
[image: ]
Figure 5: Examples of DL to UL switching point between DL and UL subband

Proposal 4: Further study how to configure or determine the guard period between DL region and UL subband.

Assuming a common UL subband is configured in DL slots across the network, the interference in the network can be summarized as below, also illustrated in Figure 6:
1) Self-interference from DL RB to UL RB
2) Cross link interference from UE to UE
3) Cross link interference from UE to gNB
4) Cross link interference from gNB to gNB
Self-interference comes from the in band emission from adjacent DL RB, on which gNB transmit DL signal or channel. Guard band between DL subband and UL subband may be needed to alleviate the self-interference.


Figure 6: Illustration of interference for duplex system

Proposal 5: Study whether and how to define a guard band between DL subband and UL subband.

As analysed aforementioned, the bandwidth of UL subband configured in a DL slot can be different from that of active UL BWP. In this case, the bit length of FDRA in a DCI scheduling PUSCH on the UL subband may not equal to that of a DCI scheduling PUSCH on normal UL slot. Consequently, it may introduce a new payload size in addition to the current three DCI sizes scrambled by C-RNTI.  It will complicate the DCI alignment procedure which is not preferred. In order to avoid increased complexity of handling DCI alignment, the bit length of FDRA information field should be determined by the active UL BWP, no matter the bandwidth of UL subband equals to that of UL BWP or not.

Proposal 6: If UL subband is configured via RRC signalling, the FDRA field in a DCI scheduling uplink on the UL subband is determined by the active UL BWP.



Conclusion 
In this contribution, we provide our views on subband non-overlapping full duplex. We have the following proposals:
Proposal 1: Clarify the type of subband for duplex operation, i.e. whether it can be used for DL transmission in a UL slot.
Proposal 2: Subband related to duplex operation is transparent for legacy UE and the following legacy behaviour should be kept:
· UE doesn’t expect to transmit on DL symbols.
· UE doesn’t expect to receive on UL symbols.
· UE can transmit or receive on flexible symbols depending on the indication from gNB
· UE does not expect conflict between DL reception and UL transmission on the same flexible OFDM symbol.
Proposal 3: Further study the following options for UL subband determination:
· Option 1: Duplex operation is allowed on flexible symbols only.
· Option 2: Configure the UL subband in DL slot explicitly. 
· Option 3: UL transmission in DL slot is indicated by UL grant or configured with RRC signalling, i.e. gNB does not configure UL subband in DL slot explicitly.
Proposal 4: Further study how to configure or determine the guard period between DL region and UL subband.
Proposal 5: Study whether and how to define a guard band between DL subband and UL subband.
Proposal 6: If UL subband is configured via RRC signalling, the FDRA field in a DCI scheduling uplink on the UL subband is determined by the active UL BWP.
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