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[bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
[bookmark: _Ref129681832]In RAN#94-e, a new Work Item for Rel-18 on “MIMO Evolution for Downlink and Uplink” was approved, and the motivations, scopes, and objectives were agreed in [1]. Among the objectives, the underlined in the following are related to SRS enhancements, mainly in the aspects of SRS for TDD Coherent Joint Transmission (CJT or C-JT) and 8 Tx operation:
4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.

25 contributions [2-26] have been submitted to Agenda Item 9.1.3.2 of RAN1#111 on SRS Enhancements targeting TDD CJT and 8 Tx operations. Main views and further discussion points based on these contributions are collected in this document. Any additional inputs from any company can also be provided in this document.

SRS enhancements to manage inter-TRP cross-SRS interference targeting TDD CJT
In RAN1#109-e, 11 categories of potential SRS enhancements to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization were agreed for further study. Some of the categories also include sub-categories of different schemes. Prioritization or down-selection of the categories, if any, should be based on good technical understanding of the potential enhancements. In RAN1#110, the group was focused on technical aspects of the enhancements, especially on clarifying the key ideas of the enhancements, analyzing pros (e.g., performance benefit, necessity, the problems that they can solve) and cons (e.g., limitations, issues to addressed), etc. Based on these discussions, the group should have achieved common understanding of the technical aspects. In RAN1#110bis-e, some prioritization / down-selection / merging were achieved for these schemes. 
The proposed schemes are summarized in this section. Please feel free to suggest if something is missing or inaccurate.

Comb offset hopping and cyclic shift hopping
We have achieved the following agreements:
Agreement
Support at least one of the following for SRS interference randomization
· Randomized code-domain resource mapping for SRS transmission by introducing cyclic shift hopping / randomization to SRS resource
· Comb offset hopping for SRS
· The comb offset is determined pseudo-randomly as a function of time (e.g., slot index, symbol index) and/or NW configured ID with a certain UE-specific initialization.
· FFS: Other details, e.g., how the comb offset value is determined by the parameters for each SRS port of a SRS resource for a SRS transmission occasion.
Agreement
For comb offset hopping for SRS and for randomized code-domain resource mapping for SRS transmission via cyclic shift hopping / randomization, further study the following:
· [bookmark: _Hlk117844941]The hopping pattern (e.g., the pseudo-random sequence, time-domain granularity for hopping)
· The time-domain parameter and/or behavior (e.g., slot index, symbol index, re-initialization behavior)
· Network-configured ID for UE-specific initialization
· How the comb offset / cyclic shift value is determined by the parameters for each SRS port of a SRS resource for a SRS transmission occasion
· Potential issue on multiplexing with legacy UEs if CS hopping and/or comb offset hopping are enabled
· Applicability to periodic/semi-persistent/aperiodic SRS
Other details are not excluded

Almost all companies support these hopping schemes, and a large number of designs have been provided for comb offset hopping and/or cyclic shift hopping in the contributions. Most of the designs are common to both comb offset hopping and cyclic shift hopping, while some other designs, generally on some detailed aspects, are specific to only one of them. So the plan for this meeting is to first decide on the high-level designs common to both hopping schemes, and then move on to further discuss the details, including details that are common to both schemes or specific to one scheme.

The general situations for the high-level designs common to both hopping schemes are:
· The hopping pattern (e.g., the pseudo-random sequence, time-domain granularity for hopping)
· Network configured hopping pattern based on pseudo-random sequence, e.g., c(i)
· Supported by: ETRI, Futurewei, Google, Lenovo, LGE, Nokia, Nokia Shanghai Bell, Qualcomm, Samsung, vivo, xiaomi
· Multiple hopping patterns 
· Supported by: CMCC
· A pre-defined set of hopping patterns or a regular hopping pattern generator 
· Supported by: Samsung
· The time-domain parameter and/or behavior (e.g., slot index, symbol index, re-initialization behavior)
· Slot index and OFDM symbol index for inter-slot and intra-slot hopping
· Supported by: CMCC (for P/SP SRS), ETRI, Futurewei, Google, Lenovo, LGE, Qualcomm, Samsung, Spreadtrum, vivo
· OFDM symbol index for intra-slot hopping
· Supported by: CMCC (for AP SRS), ETRI, Futurewei, Qualcomm, Sharp, vivo
· Slot index for inter-slot 
· Supported by: Intel (for P/SP SRS), Qualcomm (per R repeated, consecutive symbols in the slot), vivo
· Per occasion of SRS resource
· Supported by: CMCC, Qualcomm
· Re-initialization every radio frame or longer
· Supported by: Futurewei
· Network-configured ID for UE-specific initialization
· Supported by: ETRI, Futurewei (existing or new ID), Lenovo, LGE, Nokia, Nokia Shanghai Bell, Qualcomm (existing or new ID), Spreadtrum (C-RNTI and/or cell ID), vivo, xiaomi (TRP ID or cell ID)
· How the comb offset / cyclic shift value is determined by the parameters for each SRS port of a SRS resource for a SRS transmission occasion
· Potential issue on multiplexing with legacy UEs if CS hopping and/or comb offset hopping are enabled
· At least by implementation/coordination based on assigning orthogonal resources of the other type (i.e., CDM for comb offset hopping, and FDM for CS hopping)
· Supported by: CMCC, Futurewei, Lenovo, Qualcomm, vivo
· Configure restricted subset for hopping, e.g., a subset of comb offsets for comb offset hopping, a subset of CSs for CS hopping
· Supported by: Futurewei, Lenovo
· Applicability to periodic/semi-persistent/aperiodic SRS
· Apply to P/SP/AP 
· Supported by: CMCC, ETRI, Futurewei, Lenovo
· Apply to P/SP
· Supported by: Intel
· Combined cComb offset hopping and/or CS hopping
· Supported both by: CMCC, ZTEGoogle, Futurewei, Lenovo, CMCC, InterDigital, Nokia, NSB, CATT, ETRI
· Support one by:  NTT DOCOMO, xiaomi, NEC, Sharp, LGE, Samsung, ETRI
· Prefer CS hopping by: OPPO, NTT DOCOMO, Huawei, HiSilicon, Nokia, NSB, vivo, NEC, Sharp
· Prefer comb offset hopping by: Qualcomm

Please check and update the positions if needed. Based on the views from the contributions, the following high-level proposal is suggested.

Potential Proposal 2.1: For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port,
The hopping pattern is at least based on the pseudo-random sequence c(i), initialized with a network-configured ID
FFS: Other hopping patterns
FFS: The ID is cell ID , SRS sequence identity , C-RNTI, or a new ID
Support at least hopping based on slot index and OFDM symbol index, and re-initialize at the beginning of each radio frame
FFS: Intra-slot hopping based on OFDM symbol index, inter-slot hopping based on slot index, per occasion of SRS resource
FFS: Re-initialization with periodicity longer than one radio frame
Applicable to at least periodic/semi-persistent SRS with usage antennaSwitching
FFS: Aperiodic Other types of SRS
FFS: Configuring a subset of comb offsets / cyclic shifts for comb offset hopping / cyclic shift hopping, respectively
FFS: Combined comb offset hopping and cyclic shift hopping, supporting both, or down selecting one

Views can be provided for the above enhancements.
	Company
	View

	Apple
	It is better to first agree on supporting one of the hopping or supporting both.
1 There is no need for network-configured ID to match any particular design claim. We can just state “initialized with a network-configured ID configured by RRC”
2 OFDM symbol index needs to be further discussed since currently we have single SRS resource spanning up to 14 symbols. If we allow hopping among different symbols, it becomes infra-slot hopping and needs further discussion. 

	Google
	We also think it is necessary to firstly agree on what hopping is supported. In our view, both cyclic shift hopping and comb offset hopping should be supported.
We think the hopping pattern should be configured by the network with regard to multiplexing with legacy UEs. We suggest the following revision:
Potential Proposal: Support both SRS comb offset hopping and cyclic shift hopping, for each SRS resource,
The hopping pattern configured by the network by RRC
FFS: details 
Support to determine .the comb offset and cyclic shift for each hop based on slot index and OFDM symbol index, and configured hopping pattern
FFS: details
Above is applicable to at least periodic/semi-persistent SRS for antenna switching
FFS: other type of SRS 


	OPPO
	We also propose to first agree on supporting one or both of the two schemes.
Both schemes can be beneficial for interference randomization of inter-TRP SRS transmission. However, the benefits of the other scheme would be very small if one scheme has been supported since interference can already be restricted by the scheme. By now no evaluation result can show the gain of CS hopping (or comb hopping) in case that comb offset hopping (or CS hopping) has already been applied. Hence, we propose to down select only one of the two schemes in Rel-18 to avoid unnecessary standardization effort. Cyclic shifting hopping is preferred between the schemes considering it would introduce less scheduling restriction compared to comb offset hopping.

	Huawei, HiSilicon
	Generally fine with the proposal, but with following modification:
Support at least hopping based on slot index and OFDM symbol index, and re-initialize at the beginning of each radio frame
FFS: Intra-slot hopping based on OFDM symbol index, inter-slot hopping based on slot index, per occasion of SRS resource
FFS: Re-initialization with periodicity longer than one radio frame
Since we think forcing the re-initialization periodicity of the newly-introduced randomization scheme to be the same as that for group/sequence hopping is unnecessary, considering the potential better randomization effect.

	DOCOMO
	Agree with OPPO. Supporting both is not needed. We prefer CS hopping. 

	QC
	Based on our evaluations, we did not observe gain from CS hopping (at most gain is 0.1-0.2 dB). We also note that two other companies evaluated CS hopping: 
In Huawei’s evaluation, the scenario is similar to ours in the sense that different SRS sequences are considered. However, most of the gain seems to be coming from the SRS at the coordinated TRP (within the same CJT cluster). Hence, the evaluation targets intra-cluster interference. We think within the same cluster the network should try to assign same SRS sequence and ensure orthogonality (in comb offset / CS / symbol domain).  
In FUTUREWEI’s evaluation, for the case of intra-cluster, CS hopping shows loss compared to legacy. For the case of inter-cluster, the MSE of one port degrades and MSE of port improves. Hence, the overall gain is not clear.
On the other hand, we have we observed some UL SINR improvement at the tail UE for comb offset hopping. Hence, we prefer to support comb offset hopping among these two schemes. For CS hopping, we are ok to further study this until the next meeting to understand the scenarios in which it can provide gain given the discussions above.

	Futurewei
	@Qualcomm: Thank you for commenting on our simulation results. Actually for both intra-cluster case and inter-cluster case, we have obtained results similar to Qualcomm’s: the worse ones (i.e., tail) are improved (to a few dB below -10 dB MSE), with minor losses on the better ones, which is exactly what interference randomization is expected for, and hence all ports can lead to good channel estimation performance. Please note that the blue curves in Fig. 8 are for baseline no-interference cases, used to see how far the others are from it. Sorry about the confusion.
Regarding the same cluster’s sequence assignment, we think if the SRS capacity is sufficient then the same sequence should be used, but if not, different sequences or longer periodicities may be needed. Which one has better performance can be further studied. And it may useful for interested companies to align such an assumption. 

	Lenovo
	We support both CS hopping and Comb hopping since both of them can randomize cross-SRS interference and improve channel estimation performance. gNB can select its desirable scheme and this can bring more realization flexibility for gNB to deal with cross-SRS interference. The standard effort may not increase much since hopping scheme can be designed similarly for both CS hopping and Comb. The detailed hopping patter design can be discussed in the next step. 

	Huawei, HiSilicon2
	@Qualcomm: Thanks for your comments.
We believe one of the most important reasons you only observe limited gain from CS hopping is that the time-domain filtering is not conducted, which is a common technic at gNB side when performing SRS channel estimation.
Another reason may come from the simulation scenario. As we’ve described in our contribution, considering the requirements of multiplied orthogonal SRS resources as well as high CSI precision of CJT and the feasibility of joint SRS resource allocation given UE-centric coordination, so-called “intra-cluster” scenario, where the SRS resource allocation is conducted by serving TRP independently, is the simplest and most possible scenario being worthy of investigation. Any candidate scheme shows enough performance benefit under this scenario should undoubtedly be considered with high priority. For sure schemes providing sufficient benefit in other reasonable scenarios are also expected.
In terms of the detailed simulation in your contribution, we think the performance of comb offset hopping and CS hopping are not compared under same simulation scenario and performance matric, based on which the conclusion like which one is better is too early to be deduced.
As shown in our contribution, CS hopping already shown significant performance benefit over comb offset hopping under different scenarios and we think it should be prioritized.

	CMCC
	We think both CS hopping and Comb offset hooping can be supported. Although both of them can achieve interference randomization, gNB can select one of them for different scenarios, which give more scheduling flexibility. In addition, once there is no consensus on the down-selection between them, we think supporting both is a way to move forward.

	Xiaomi
	We think it is sufficient that one of two scheme is supported, considering the functionalities of them are same, i.e., SRS interference of different SRS transmission is randomized. 

	IDC
	Support FL’s proposal. We think that both schemes can be supported.  

	FL
	Thank you all for the useful discussions. I tried to incorporate as much as I can in the updated proposal.
Regarding supporting both or only one of the schemes, as pointed out several companies (e.g., Lenovo) and observed from the broad formulation of the proposal, the standards impacts are very similar, so if one is supported, then the other can be supported likewise (almost for free). In any case, since we will be focused on designing the common parts for the schemes at least for now, there is no rush to make a decision on supporting both or only one.
Regarding the simulations, it seems there are a lot of details. These can be elaborated during (unofficial or official) offline. 

	QC (2)
	@Futurewei: Thank you for the comments. For the case of same SRS sequence (Figure 8) for intra-cluster, can two UEs choose the same CS based on randomization? If so, we believe this should result in very bad MSE (both SRS sequence and cyclic shift are the same). Is the plotted MSE the average or median across all slots? If the collision in some slots based on randomization is allowed, then shouldn’t the tail MSE of CS hopping be worse than all other curves? Also, why blue is upper bound while red is baseline? It seems the difference between blue and red is on the assigned cyclic shift.

@Huawei: Thank you for the comments. By time-domain filtering, I assume you mean MMSE weights for channel estimation. If so, we are using weights based on the max delay spread of the channel. What is your assumption in MMSE in your evaluations? Is genie PDP used?
We think it would be useful to understand the loss (in Tput) due to using different SRS sequences within the same CJT cluster. Zero-forcing or interference nulling precoding may not work well under the assumption that SRS sequences are different (not orthogonal within the same CJT cluster). 
Regarding comb offset hopping versus CS hopping in our evaluations, yes, the metric is not the same, but this is because we think for CS hopping LLS is needed obviously, while for comb offset hopping, SLS is more appropriate because the intention is to randomize different sets of interferers at different locations and geometries.     

	Nokia/NSB
	We are generally OK with FL proposal.  Though we prefer to prioritizing CS hopping over comb hopping, we are open to consider both.     

	Intel
	We think the comb offset hopping/CS hopping at symbol level requires more study, because it would be more complicated to multiplex with legacy UEs.
We suggest the following change:
Support at least hopping based on slot index and OFDM symbol index
FFS: Intra-slot hopping based on OFDM symbol index, inter-slot hopping based on slot index, per occasion of SRS resource
Another comment is what’s the relationship between the first and the second sub-bullet?

	Vivo
	Prefer CS hopping only.
Regarding time-domain parameter, smaller hopping granularity would require more UE complexity when generating SRS. The tradeoff between randomization performance and UE complexity should be considered. We think per R symbols or per frequency hopping is an appropriate hopping granularity.
We can firstly discuss the hopping granularity is per symbol, per R symbols repeated, or per slot. 
Consider Support at least hopping per symbol, per R symbols repeated, or per slot based on slot index and OFDM symbol index
FFS: Intra-slot hopping based on OFDM symbol index, inter-slot hopping based on slot index, per occasion of SRS resource
FFS: Re-initialization periodicity 

	Huawei, HiSilicon3
	@Qualcomm: Thanks for your follow-up.
Sorry for bringing confusion. The time-domain filtering we mentioned is PDP-based alpha filtering, which is one of the simplest schemes for improving channel estimation performance.
What we want to emphasize in the “Another reason …” paragraph is that conducting joint SRS resource allocation, which is the prerequisite of using the same SRS sequence within the CJT cluster, can be unrealistic under practical scenario. As a consequence, the performance of candidates under “intra-cluster” scenario, where the SRS resource allocation is conducted by serving TRP independently, should be treated as an important factor during decision making. Again, performance under other reasonable scenarios are not precluded from being considered.
In terms of the comb offset hopping versus CS hopping in your evaluations, we’re not questioning your performance metric for either of them as you’ve explained, but the conclusion drawn from them, which seems a little bit unfair.

	ZTE
	We share the similar view as Qual that there is no interference within the same cluster. One CJT TRP should allocate orthogonal SRS resources for its serving UE and its CJT UE. As shown in following Figure, TRP1 is CJT TRP of UE2 and serving TRP of UE1.  The SRS resources of UE1 and UE2 should be orthogonal, otherwise TRP 1 can not get the accurate channel estimation of UE2 and UE1. Then the interference of  TRP1 does not include SRS of UE2, so we don’t see stronger interference in CJT case compared with STRP. The interference of CJT case is reduced in some extent compared with STRP case because strong interference of STRP case becomes target SRS resource in CJT case.  So we suggest to determine which scenario of CJT case brings obvious interference compared with STRP case. 
[image: ]

	CATT
	We prefer to support only one scheme, but open to discuss both.
For the second bullet, further discussion is needed for hopping based on OFDM symbol index. For intra-slot hopping, when repetition is considered, the hopping granularity might be the number of OFDM symbols for a repetition. We suggest to discuss whether one or both of inter-slot and intra-slot hopping is supported first.

	NEC
	We share similar view with some companies, that only one scheme is sufficient. Down-selecting one firstly can save effort for further discussion, and we prefer to support CS hopping only.

	Sharp
	We support CS hopping. We are fine with hopping pattern and hopping granularity in the proposal.

	LGE
	Prefer to support one of them not both, since they have same functionality/purpose.

	Samsung
	As mentioned from other companies, we are supportive of one of two schemes. And before we go to discuss on the details, we can select one of them.

	ETRI
	First, we support FL’s proposal. We are fine to consider both schemes and agree to choose one of them.

	FL
	Thank you all for the inputs. The positions are further updated. The proposal remains the same so far. 
There were a few comments on the time index for hopping, but the majority support the current 2nd bullet. Please let me know if I missed anything.
@Intel: The first bullet is more about the hopping sequence (i.e., the pattern), and the second is more about how they are distributed over resources in time domain. They are related, but here we tried to maintain the bullet structure from the previous agreement as much as possible.
Regarding the details of evaluation, at least QC, Huawei, ZTE, and Futurewei should have a deep dive.



Round 2
We had the following agreement from Monday Online:
Proposal 2.1: 
For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port,
FFS: Hopping pattern
Support at least hopping based on slot index, OFDM symbol index
FFS: Use of symbol group based on repetition factor 
FFS: Additional details on intra-slot hopping based on OFDM symbol index, inter-slot hopping based on slot index, per occasion of SRS resource
FFS: Re-initialization periodicity 
Applicable to at least periodic/semi-persistent SRS with usage antennaSwitching
FFS: Other types of SRS
FFS: Configuring a subset of comb offsets / cyclic shifts for comb offset hopping / cyclic shift hopping, respectively
FFS: Combined comb offset hopping and cyclic shift hopping, supporting both, or down selecting one

@Apple @Google: Please clarify what you have in mind for the hopping pattern design. Only stating “Configured by RRC” seems too broad. Can you please provide details (examples, or proposals that companies can know how to progress from here)?
@vivo: Can you please further clarify “Use of symbol group based on repetition factor”? The repetitions are within a slot, so it seems to some companies that it is the same as inter-slot hopping.
@CMCC @Qualcomm: Can you please clarify “per occasion of SRS resource”?
The following potential proposal is suggested:
Potential Proposal: For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port, the hopping pattern is determined based on RRC configuration.
The hopping pattern can be based on the pseudo-random sequence c(i), initialized with a network-configured ID.
FFS: Other hopping patterns based on RRC configuration.

	Company
	View

	ZTE
	We think that legacy hopping including group hopping and sequence hopping is also for interference randomization. So we suggest the new hopping is to solve the collision issue of legacy hopping. We suggest the new hopping pattern is based on legacy hopping pattern.
Updated Potential Proposal: For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port, the hopping pattern is determined based on one of 
Alt1:  RRC configuration.



Alt2:  group hopping pattern or sequence hopping pattern. For example,  the new hopping pattern is based on   if group hopping is enable, and the new hopping pattern is based on  if sequence hopping is enable, wherein F can be equal to 
· 
The hopping pattern can be based on the pseudo-random sequence c(i), initialized with a network-configured ID , FFS,  the network-configured ID is same as legacy  .
· FFS: Other hopping patterns based on RRC configuration.


	Nokia/NSB
	Support the proposal. Also fine with adding 
FFS: co-existence with legacy SRS ports. 

	Xiaomi
	We are fine to the proposal.

	Lenovo
	We are generally fine with the proposal. For “for each SRS port”, we want to clarify Comb hopping and/or CS hopping scheme for each SRS port, which may be related with the detail scheme. We think Comb and/or CS value for SRS ports of one SRS resource are not made independently hopping. The legacy SRS resource mapping scheme can be reused as much as possible.    

	vivo
	
For “Use of symbol group based on repetition factor”, it means hopping can be based on , which is a tradeoff between randomization performance and UE complexity, compared with slot index and symbol index. We wonder whether ‘symbol index’ includes R adjacent symbol indexes 
For the potential proposal:
We support it in principle. But we are confused about ‘for each SRS port’, in our understanding, hopping pattern is SRS resource level rather than port level. We suggest removing it.
Potential Proposal: For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port, the hopping pattern is determined based on RRC configuration.
The hopping pattern can be based on the pseudo-random sequence c(i), initialized with a network-configured ID.
FFS: Other hopping patterns based on RRC configuration.

	Huawei, HiSilicon
	Considering that the related investigation and simulation of interference randomization have been performed for several meetings, and the agreement above shows that most of the design of CS hopping and comb offset hopping are common, we believe adequate and fair comparison between these two schemes can be achieved at next meeting. In order to guarantee that the next-step detail of either/both scheme(s) can also be fully investigated in the following meetings, we have the proposal below:

Proposal: 
For SRS interference randomization, support one from the following options  (to be decided in RAN1#112):
Opt.1: Cyclic shift hopping
Opt.2: Comb offset hopping
Opt.3: Both cyclic shift hopping and comb offset hopping

	ETRI
	Support the potential proposal.




For Thursday Offline:

@ZTE: This seems to be a new proposal. I re-ordered the options based on the number of supporting companies and simplified your proposal.
@Nokia/NSB: The issue has been captured in the FFS of the agreement already.
@Lenovo: This is from the previous agreement and there are a few proposals related to this. We can keep it broad for now.
@Huawei, HiSilicon: In the previous agreement, combined scheme is also mentioned. So let’s add it. The combined scheme should reduce to comb offset hopping (only), and should also reduce to CS hopping (only), if needed.

Proposal 2.1-1: For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port, the hopping pattern is determined based on one of the options:
Option 1: The hopping pattern is based on the pseudo-random sequence c(i), initialized with a network-configured ID.
FFS: The ID is cell ID , SRS sequence identity , C-RNTI, or a new ID
Options 2: One or more length-N hopping patterns based on RRC configuration.
FFS: The length N and the pattern(s)
Option 3: The hopping pattern is based on the group hopping pattern (when enabled), the sequence hopping pattern (when enabled), and SRS sequence identity .
FFS: Further details.

Proposal 2.1-2: For SRS interference randomization, support one from the following options  (to be decided in RAN1#112):
· Opt. 1: Cyclic shift hopping
· Opt. 2: Comb offset hopping
· Opt. 3: Both cyclic shift hopping and comb offset hopping
· Opt. 4: Combined cyclic shift hopping and comb offset hopping that can also reduce to separate cyclic shift hopping and comb offset hopping

Offline Agreement: For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port, the hopping pattern is determined based on:
Option 1: The hopping pattern is based on the pseudo-random sequence c(i), initialized with a network-configured ID.
FFS: The ID could be cell ID , SRS sequence identity , C-RNTI, or a new ID
FFS: The relation between the legacy group / sequence hopping and the new hopping 

Proposal 2.1-2A: For SRS interference randomization, support one from the following options  (to be decided in RAN1#112):
· Opt. 1: Cyclic shift hopping
· Opt. 2: Comb offset hopping
· Opt. 3: Both cyclic shift hopping and comb offset hopping
· FFS: details including whether to support separate and/or combined hopping
· FFS: UE capability and signaling 


	Company
	View

	
	

	
	

	
	




Designs specific to cyclic shift hopping
The following have been proposed specifically for cyclic shift hopping:
· The hopping pattern (e.g., the pseudo-random sequence, time-domain granularity for hopping)
· Reuse PUCCH cyclic shift hopping pattern
· Supported by: LGE, Nokia, Nokia Shanghai Bell
· K times finer time-domain granularity for a CS
· Supported by: Futurewei, Huawei, HiSilicon 
· May combine with sequence hopping + group hopping 
· Supported by: Qualcomm
· How the cyclic shift value is determined by the parameters for each SRS port of a SRS resource for a SRS transmission occasion
· Enhanced CS configurations, e.g., per-port CS assignment, non-equidistant CS assignment, via initial CS value update (dynamically, implicitly/explicitly)
· Supported by: Ericsson, Samsung, Qualcomm, Sharp

Views can be provided for the above enhancements, and other designs can also be suggested.
	Company
	View

	Apple
	Let us first discuss whether to support the hopping or supporting both

	Google
	Such details can be discussed later

	Huawei, HiSilicon
	K times finer time-domain granularity for CS hooping can obtain significant benefit as shown in our contribution in 110bis-e.

	QC
	Agree with Apple

	Lenovo
	We are fine to discuss such details later

	IDC
	Ok to wait for the outcome of the previous issue. 

	Nokia/NSB
	Share the same view with Apple and QC. OK to discuss later.

	Intel
	It should be discussed later.

	ZTE
	Same view as apple and we observe that the interference is reduced in CJT case compared with STRP case because strong interference in STRP case becomes target reference signal in CJT case, please supporter of interference randomization enhancement shows which scenario of CJT case brings obvious interference compared with STRP case. 

	CATT
	Prefer to discuss later.

	LGE
	Agree with Apple

	Samsung
	We agree with Apple and QC. If detail discussion is proceed, the second bullet which is related to Enh.2 in 2.6.3 can be discussed together in here.

	ETRI
	We have similar view as other companies. Decision of supporting scheme(s) is first.




Designs specific to comb offset hopping 
Views on designs specific to comb offset hopping can be provided.
	Company
	View

	Apple
	Let us first discuss whether to support the hopping or supporting both

	Google
	Such details can be discussed later

	Lenovo
	We are fine to discuss such details later

	ZTE
	Same view as apple and we observe that the interference is reduced in CJT case compared with STRP case because strong interference in STRP case becomes target reference signal in CJT case, please supporter of interference randomization enhancement shows which scenario of CJT case brings obvious interference compared with STRP case. 

	LGE
	Agree with Apple

	ETRI
	Same view as Apple.





SRS TD OCC
We have achieved the following agreement:
Agreement
For SRS TD OCC for SRS enhancements for TDD CJT, study:
· Comparison against SRS on 1 OFDM symbol
· Comparison against SRS repeated on multiple OFDM symbols
· Study the following aspects: evaluation performance, SRS overhead, per-symbol per-port transmission power, impact of channel delay, dropping rules of collision with other uplink resource, etc.

The general situations are:
Also related to 8 Tx SRS design
Pros: 
Capacity enhancement (compared to SRS repetition)
Useful for coverage-limited scenarios
Useful for long channel delays
Useful for channels with long delay spread
Two sources show performance benefit
Cons: 
High overhead (compared to SRS without repetition)
May not be highly relevant to interference-limited scenarios such as TDD CJT
Issues when SRS is dropped on one of the OFDM symbols
Supported by: ZTE, Spreadtrum, Lenovo, NEC, Intel, CMCC, Ericsson, OPPO
Against by: Samsung, Sharp, vivo, xiaomi, Google, NTT DOCOMO, Nokia/NSB, CATT, LGE
Low-priority by: Qualcomm, InterDigital

Given that 8 companies are supporting, the following can be considered:

Potential Proposal 2.2: Support SRS TD OCC.
FFS: Dropping rules of collision with other uplink resource, other details.

Views can be provided for the above enhancement.
	Company
	View

	Google
	We do not see any benefit on TD-OCC with regard to capacity and interference randomization.

	OPPO
	We are fine with this enhancement. 

	DOCOMO
	We do not support the proposal. Generally UL resource is very precious. Imposing more use of UL resource is not a good idea in our view. 

	QC
	Our concerns in the previous meeting have not been addressed yet. Main question is the following: If one SRS symbol is dropped due to legacy reasons (overlap with SSB, overlap with dynamic DL signals/channels, overlap with UL signals/channels with higher priority, indicated to be canceled by ULCI or SFI), should the UE drop the remaining symbols of the TD-OCC or not? Should we discuss all these legacy rules one-by-one?

	Lenovo
	We support this proposal. 

	CMCC
	We are fine with this enhancement, at least it can increase SRS capacity comparing with legacy SRS configured with repetition.

	Xiaomi
	We do not support the proposal considering its too restriction on application condition.

	IDC
	We think this is lower priority compared to other schemes.

	Nokia/NSB
	We are concerned about resource overhead and scheduling restriction introduced by TD-OCC. Therefore, we do not support it. 

	Intel
	Support the proposal.

	vivo
	Don’t support. We think TD-OCC can’t enhance the capacity for CJT, compared to multiple legacy SRS resources multiplexed in different symbols. Besides, there are several issues should be handled if using TD-OCC, e.g., performance degradation in medium/high-speed scenario, code of TD-OCC for different numbers of repetitions, scheduling flexibility for SRS from different UEs.

	ZTE
	Support. 
For CJT case, one key issue is that the CJT TRP should allocate orthogonal resources to its serving UE and CJT UE. For example, orthogonal SRS resources should be allocated to UE 1 and UE2 as shown in following Figure where TRP 1 is serving TRP of UE1 and CJT TRP of UE2. So the UE area of TRP is extend from  the yellow legacy area to the big large area with the red dotted line.  
[image: ]
Second, for CJT case, another issue is the  delay shift of CJT UE at CJT TRP mentioned in [26],  then less CS can be used in CJT TRP compared  with STRP case.  The SRS capacity is reduced in CJT case. 
So we think SRS capacity enhancement should be enhanced. In addition for CJT UE, repetition case is the normal case. So TD-OCC is a candidate especially suitable for CJT case. 

	CATT
	Do not support. We don’t see the benefit of TD-OCC on capacity enhancement or interference randomization.

	NEC
	Support the proposal.

	Sharp
	Not support. In our view, modification of SRS parameter related to OFDM symbol index (e.g., frequency hopping, CS hopping, and/or comb offset hopping) is needed as Cons point.

	LGE
	Not support. The gain compared to the repetition is not significant.

	Samsung
	Not support. This requires more resources, which is not proper to TDD CJT case.



Round 2
Please continue to discuss the proposal, but only provide new inputs (not repeating what have been provided/captured before). Key proponents and opponents, please try to have some discussion to see if there is a way to progress. We may have to make a decision this meeting, if online/offline time allows. 

Proposal 2.2: Support SRS TD OCC.
FFS: Dropping rules of collision with other uplink resource, other details.



	Company
	View

	ZTE
	Support.
 It increases the SRS capacity in repetition case. When the collision with uplink  resource happens and the length of TD-OCC is 2,   only the new SRS resource with TD-OCC [1,-1] is dropped in all of 2 OFDM symbols.  Its  capacity is same as legacy.  If the length of TD-OCC is more than 2, only the new SRS resource with some special TD-OCC is dropped. Its capacity is more than legacy.  
In the case without collision, its capacity is TD-OCC length times of legacy. 

	Nokia/NSB
	We don’t support SRS TD-OCC, which require overhead. Even in case of repetition, if the repetition number is odd, we cannot apply TD-OCC. So, we want to keep per-symbol based operation for SRS.

	Xiaomi
	We prefer that the proposal is combined into Proposal 2.4A in subsection 2.4 for discussion, since it can be regarded as a method of SRS capacity enhancement.

	vivo
	Don’t support. There are many issues if introducing TD-OCC for CJT as we mentioned before.

	FL
	Though TD OCC is not to be further discussed for 8Tx, there is more support in CJT SRS for it. We can still discuss.

	
	

	
	

	
	




Precoded SRS for DL CSI acquisition
At least the following potential enhancements have been discussed:
Pros: 
Capacity enhancement
Two sources show performance benefit
Cons: 
NW does not have full MIMO channel information
UE Tx/Rx calibration complexity
PAPR issue
Supported by: CMCC, Google, Huawei, HiSilicon, ZTE, Nokia, Nokia Shanghai Bell, Sony, Futurewei
Against by: Ericsson, Lenovo, Samsung, vivo, OPPO, Qualcomm, NTT DOCOMO, LGE 
Low-priority by: Lenovo, QualcommApple, xiaomi, InterDigital, Intel, ETRI

Given the large number of supporting companies, the following can be considered:

Potential Proposal: Support precoded SRS for DL CSI acquisition by reusing the standardized mechanism for NCB SRS as the baseline design and striving to minimize the standard impact.

Views can be provided for the above enhancement.
	Company
	View

	Apple
	At most low priority. 

	Google
	Support

	OPPO
	We don’t support the enhancement. 

	Huawei, HiSilicon
	Precoded SRS is an effective solution to reduce the number of required SRS ports to the number of PDSCH layers. Meanwhile, the gNB can still obtain the strongest rank eigenvectors of the DL channel based on the effective channel measured by SRS channel estimation.
Since its benefit has been clearly shown in our contribution and most of the technical concerns have been responded in the FL Summary of last meeting, considering the large number of supportive companies compared with other capacity enhancement candidates, we think precoded SRS deserves further discussion.

	DOCOMO
	Although we understand the benefit, we think it implies per-TRP SRS is needed, which consumes more UL resources for SRS transmission. We do not prefer to make more specification effort to sacrifice UL resource. 

	QC
	Do not support this. Our technical concerns explained before multiple times still remain.  

	Lenovo
	We prefer to deprioritize precoded SRS on account of the listed Cons.

	Xiaomi
	We prefer to study the scheme with low priority.

	IDC
	We think this is lower priority compared to other schemes.

	Nokia/NSB
	Support while providing both capacity and coverage enhancements for DL CSI acquisition. 

	Intel
	Same view as other companies, this should be low priority.

	Vivo
	Don’t support. It would require additional uplink and downlink overhead. Moreover, it’s not clear whether the performance is better than CS hopping or comb offset hopping.

	Huawei, HiSilicon2
	@ DOCOMO: In fact the precoder for SRS is obtained from the CJT channel and only TRP-common SRS is needed.
@vivo: This scheme is for capacity enhancement rather than interference randomization, which directly reduces the UL overhead by decreasing the number of required SRS ports to the number of PDSCH layers.

	ZTE
	Fine to discuss it. 

	CATT
	Do not support. It is difficult to get reliable DL CSI from precoded SRS if UE antennas are not well calibrated.

	Ericsson
	Do not support. We have at multiple occasions, expressed several technical concerns with this scheme that have not been addressed.

	LGE
	Not support. It may increase overhead.

	Samsung
	Not support as other companies pointed out.

	ETRI
	We think it has lower priority than other issues.




Round 2
Please continue to discuss the proposal as updated below, but only provide new inputs (not repeating what have been provided/captured before). Key proponents and opponents, please try to have some discussion to see if there is a way to progress. For UEs that can calibrate well for NCB SRS, is it possible for them to also achieve good calibration for AS SRS? We may have to make a decision this meeting, if online/offline time allows. 

Proposal 2.3A: Support precoded SRS for DL CSI acquisition by reusing the standardized mechanism for NCB SRS as the baseline design and striving to minimize the standard impact.
FFS: UE antenna calibration issues.
This feature is optional and subject to UE capability.


	Company
	View

	LGE
	Not support. Gain of DL CSI acquisition with partial channel information is not clear. 

	ZTE
	Fine to discuss it.  

	Nokia/NSB
	Support. Precoded SRS is useful to be used for coverage extension. In real field, SRS antenna switching is mostly used for cell-center, and CSI-based operation is complementing cell-edge UE. Assume CJT is used for UEs in near cell-border, precoded SRS is useful without introducing complex CSI framework. Also, specification impact is not large. 

	Xiaomi
	As commented for Proposal 2.2, we prefer that the proposal is combined into Proposal 2.4A in subsection 2.4 for discussion, since it can be regarded as a method of SRS capacity enhancement.

	vivo
	Don’t support. The feasibility of this scheme is limited, such as the number of Rank, additional uplink/downlink overhead.

	Huawei, HiSilicon
	Support. 
The significant performance benefit haven been shown in our contribution.
Regarding the FFS, considering SRS port virtualization based on CSI-RS is a candidate option for NCB, we don’t think precoded SRS poses high requirement on the Tx/Rx calibration (i.e., to fully take advantage of the NCB, the Tx/Rx calibration requirement already exists in the current spec.) and close the door for a scheme with significant performance benefit.

	ETRI
	We don’t support the proposal, but we think that further study and discussion on the details of the precoded SRS for DL CSI acquisition is needed.





SRS capacity enhancements
Several companies described that SRS capacity enhancement is critical to this WI and practical CJT deployment. Therefore, in this meeting, we will spend more effort on discussing SRS capacity enhancements. The following potential enhancements have been discussed, and new proposals on SRS capacity enhancements are welcome.
Enh. 1: Multiplying mask sequence to the legacy SRS sequence 
This may be jointly studied with FD OCC 
Pros: SRS capacity increase
Cons: Small increase of PAPR
Supported by: Futurewei, Huawei, HiSilicon
Enh. 2: FD OCC 
This may be jointly studied with applying mask sequence
Pros: SRS capacity increase
Supported by: Futurewei, [Nokia, Nokia Shanghai Bell]
Enh. 3: Comb 12 with more than 4 cyclic shifts per comb offset 
Pros: SRS capacity increase
Cons: Useful only for short delay spread channels
Supported by: Futurewei

Views can be provided for the above enhancements, and new proposals can also be included.
	Company
	View

	Google
	We can deprioritize all the above

	OPPO
	Low priority. 

	Huawei, HiSilicon
	For Enh.1, as shown in our contribution, the PAPR level can be similar or even lower through proper mask sequence selection. 

	DOCOMO
	If per-TRP SRS is the only way, it could be considered. However, we think TRP-common SRS is still possible, where capacity enhancement is not needed. 

	QC
	Do not support any of these.

	Lenovo
	We prefer to deprioritize all the above

	Xiaomi
	We prefer to study the scheme with low priority.

	IDC
	We think this is lower priority compared to other schemes.

	Nokia/NSB
	We are fine to discuss further Enh 2.

	Intel
	Low priority.

	Huawei, HiSilicon2
	Support Enh.1. The performance benefit has been clearly shown in our contribution and the spec impact is relatively small.

	ZTE
	Don’t support any of them. 

	CATT
	Low priority.

	Ericsson
	Don’t support any of them. 
It is unclear what is the advantage of configuring a mask sequence compared to configuring a different base sequence.
Note that using CSs is already a type of FD-OCC, so it is not clear what other FD-OCCs companies have in mind. How can backwards compatibility be maintained?
Finally, increasing the transmission comb decreases the separation between SRS ports and  makes the system more sensitive to delay spread/differences. Hence, it is not a practical method for increasing SRS capacity in TDD CJT systems.

	LGE
	Low priority.




For Tuesday Offline and Round 2

We will try to support at least one SRS capacity enhancement scheme, otherwise we may not be able to fulfil the WID requirement. So far below is my understanding, but we can discuss further in the summary document and in the offline session.

Proposal 2.4: Support at least one of the following SRS capacity enhancement schemes:
[SRS TD OCC]
Precoded SRS for DL CSI acquisition
Multiplying mask sequence to the legacy SRS sequence
FD OCC
[Power control of one SRS towards to multiple TRPs]
Enhanced signaling for flexible SRS transmission



	Company
	View

	Sharp
	We are fine with the proposal.

	Lenovo
	We think the bracket can be removed and the text in the bracket can be kept on account of SRS overhead reduction. If the scheme(s) are selected from list, we prefer to put high priority for “Power control of one SRS towards to multiple TRPs” and “SRS TD OCC”.

	LGE
	Support of “at most” one of the following schemes is more preferred.

	Nokia/NSB
	We prefer to discuss them separately. 

	Huawei, HiSilicon
	Fine with the proposal.




The version after Tuesday Offline is further updated as follows. This is a high-level discussion so that the group can better see and determine the big picture of CJT SRS capacity enhancements. Please prioritize the discussions on precoded SRS, mask sequence, and FD OCC here, as some companies do not agree that TD OCC, power control, and enhanced signaling are for capacity enhancements (and they are under extensive ongoing discussions anyway). Please try to provide constructive suggestions.


Proposal 2.4A: Support at least (and/or at most) one of the following SRS capacity enhancement schemes:
Precoded SRS for DL CSI acquisition
Multiplying mask sequence to the legacy SRS sequence
FFS: Feasibility, PAPR, and performance
FD OCC
FFS: Feasibility, PAPR, and performance
[SRS TD OCC]
[Power control of one SRS towards to multiple TRPs]
[Enhanced signaling for flexible SRS transmission]


	Company
	View

	LGE
	Support of “at most” one of the following schemes is more preferred.

	CATT
	Do not support the proposal. We can discuss the enhancement schemes one by one to see if any of them can be supported.

	Samsung
	Not support. We think at most one is also not needed.

	ZTE
	Suggest to delete the bracket  on SRS TD-OCC and power control of the one SRS towards to multiple TRPs
Regarding FD-OCC, we think that CS is one type of FD-OCC.  Please provides reason using an additional FD-OCC while using CS.

	Intel
	Do not support. The schemes can be discussed one by one.

	Lenovo
	We are also fine to discuss them separately.

	vivo
	Ok with at most one, before better gain is shown than CS hopping and/or comb offset hopping. We think it’s unnecessary to enhance the capacity if the benefit is worse than randomization.





Per-TRP power control and/or power control of one SRS towards to multiple TRPs
We have achieved the following agreement:
Agreement
For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, study the options for an SRS resource set:
· Option 1: 
· Same power control process for all SRS resources of an SRS resource set where the power control process is based on one Po value and one closed loop state and jointly on more than one DL pathloss RS and/or more than one alpha
· [bookmark: _Hlk118277013]Each transmission occasion of the SRS resource is towards multiple TRPs
· Option 2: 
· More than 1 power control processes each for a subset of SRS resource of an SRS resource set where each of the power control process is based on a different UL power control parameter set (Po, alpha, and closed loop state) associated with a different DL pathloss RS
· Different transmission occasions of the SRS resource can be towards different TRPs

The general situations are:
Option 1: 
Pros: 
Low SRS overhead; low latency
One source shows performance benefit
Cons: 
Receive powers at the CJT TRPs are less accurate
Support by: CMCC, ETRI, Futurewei, Lenovo, NEC, Nokia, Nokia Shanghai Bell, Qualcomm, Spreadtrum, ZTE, Google, OPPO, xiaomi, ETRI
Acceptable by: 
Against by: 
Option 2: 
Pros: 
Receive powers at the CJT TRPs are accurate
Cons: 
Higher SRS overhead (same SRS transmission overhead as existing mechanism)
Higher latency
Support by: Ericsson, Google, Intel, InterDigital, KDDI, LGE, Sharp
Acceptable by: ZTE, ETRI
Against by: 
Against Options 1/2: 
NTT DOCOMO, vivo

Proponents and opponents, please discuss the pros and cons for the options. Please also indicate if the other option is also acceptable or not in above. Based on these further discussions, we can see if we should consider 1) supporting both options (as complementary solutions to TDD CJT: Option 1 for TRP-common SRS and Option 2 for TRP-specific SRS, and which one to be used can be left for gNB implementation);  or 2) moving forward with down selection. Views can be provided below. 

Proposal 2.5: For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, for an SRS resource set:
At least support Option 1:
Same power control process for all SRS resources of an SRS resource set where the power control process is based on one Po value and one closed loop state and jointly on more than one DL pathloss RS and/or more than one alpha
Each transmission occasion of the SRS resource is towards multiple TRPs
FFS: Support Option 2:
More than 1 power control processes each for a subset of SRS resource of an SRS resource set where each of the power control process is based on a different UL power control parameter set (Po, alpha, and closed loop state) associated with a different DL pathloss RS
Different transmission occasions of the SRS resource set can be towards different TRPs

	Company
	View

	Google
	Both option 1 and 2 have some benefits and use cases, and share similar framework. We suggest supporting both.

	OPPO
	We don’t think either option could be beneficial. If we need to down select one for further study, Option 1 is preferred. 

	Huawei, HiSilicon
	Generally, we think at least some effective simulations are needed to justify the benefit of both options. 
Regarding Option 1, seems the maximum/minimum operation can be equivalently achieved by current configuration.
Regarding Option 2, is it equivalent to introducing more SRS resource set?

	DOCOMO
	For option 1, MAC CE based update of pathloss RS is supported already, which should be sufficient for this purpose. The issue raised by companies seems to be near-far problem for a certain TRP, which is not very dynamic. Proper update by MAC CE or even RRC level is sufficient. In this sense, option 2 is not necessary either. 

	QC
	At this point, we do not support any of the options, but we are open to Option 1 if the benefit can be shown (we believe this requires SLS, and so far, we have not observed proper evaluation from the proponents, where legacy OLPC/CLPC mechanisms should be used as baseline)

	Lenovo
	We prefer option 1 because of the lower SRS overhead. For option 2, we think similar function can be realized by legacy power control scheme with configuration of two SRS resource sets. Thus, it is not clear for the actual benefit compared with legacy power control scheme.

	CMCC
	We prefer Option1 since it will consume less SRS overhead comparing with Option2. Besides, configuring multiple SRS resource sets can also achieve the same function as Option2, but with less spec impact. The benefit of Option2 is not clear.

	Xiaomi
	We prefer to study this scheme with low priority. If supported, Option1 can be supported to study considering SRS overhead.

	IDC
	Our understanding is that Option1 can already be supported by activating one of the reference PL RS from the list configured in the SRS resource set. We don’t think this can address the near-far issue. We support Option2. 

	FL
	The positions have been updated with track change above. Also a proposal is provided based on the positions. Please note that for Option 2, a correction is made from the previous agreement: “the SRS resource” should be “the SRS resource set”.

	Nokia/NSB
	To enable lower resource overhead and latency, we prefer option 1. We are also fine with the FL proposal 2.5.

	Intel
	We don’t support the Proposal 2.5.
We support Option 2 and don’t support Option 1.
For CJT operation, proper SRS Tx power is important for the TRP to get accurate channel information. As discussed in previous meetings, there could be near-far issue in the scenario of CJT operation.
For Option 1, multiple pathloss reference signals and only one power control state is configured. In this case, how to determine the Tx power of SRS? Is it based on the maximum or minimum estimated pathloss, or even some averaging is performed among the estimated pathloss? We think either way doesn’t help for proper SRS Tx power setting.
For example, the estimated pathloss from TRP1 and TRP2 is 100dB, 80dB respectively. If the Tx power is based on pathloss of 100dB, then the SRS received by TRP2 will cause more interference. If the Tx power is based on pathloss of 80dB, then the channel estimation quality at TRP1 will be impacted due to the lower SRS Tx power.

	Vivo
	Don’t support.
Regarding Option 1, if power control is based on multiple PL-RS, then it may be helpful for some UEs in TDD CJT, but would also cause more cross-SRS interference to other UEs. We don’t see the benefit of Option 1.
Regarding Option 2, does it mean more SRS resources are needed compared with Option 1? 

	ZTE
	Support Proposal 2.5. 
We prefer option 1 and are fine to further discuss Option2. 
For Option 2, because different transmission occasions of the SRS resource set can be towards different TRPs, so we think that the more than 1 power control processes is for the SRS resource set. Different transmission occasions of the SRS resource set can be towards different TRPs and based on different of the  the more than 1 power control processes. So we suggest following updated Option2. 
Updated Proposal 2.5: For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, for an SRS resource set:
· At least support Option 1:
· Same power control process for all SRS resources of an SRS resource set where the power control process is based on one Po value and one closed loop state and jointly on more than one DL pathloss RS and/or more than one alpha
· Each transmission occasion of the SRS resource is towards multiple TRPs
· FFS: Support Option 2:
· More than 1 power control processes each for a subset of SRS resource of an SRS resource set where each of the power control process is based on a different UL power control parameter set (Po, alpha, and closed loop state) associated with a different DL pathloss RS
· Different transmission occasions of the SRS resource set can be towards different TRPs and can correspond to different of the more than 1 power control processes. 


	NEC
	We prefer to support only one option, and option 1 is preferred.

	KDDI
	We prefer to support Option2.
For Option1, there is still gNB receive power imbalance issue due to near-far problem since path loss differences between different TRPs cannot be eliminated. For Option2, the power imbalance problem can be solved by compensating for path loss differences between TRPs with per-TRP power control. Also, we think higher SRS overhead in Option1 can be solved, for example, selecting one of several transmit power values depending on the situation (i.e. in the case that the pathloss difference between multiple TRPs is relatively small.)

	LGE
	Support Option 2 and don’t support Option 1. Regarding option 1, there may still be near-far problem when PL difference between TRPs is large.
For per-TRP power control, power control of the SRS resource set is based on more than one UL power control parameter set (Po, alpha, and closed loop state) associated with a different DL pathloss RS, and UL beam/power control can be switched across multiple transmission instances of the SRS resource set

	Samsung
	For now, we do not support any of two, as mentioned by QC. More discussion is needed since any pathlosses of all TRPs are not compensated Option 1 which are not optimized on any links. Regarding Option 2, we are supportive on this option, and we think that it can do faster than the current specification, but at the same time, we are not sure whether this is within the WID scope considering interference randomization or capacity enhancement.

	ETRI
	We prefer to support Option 1, but we are open to supporting both.

	FL
	The positions are updated and the proposal remains.
It seems to me that from the inputs by Option 2 proponents, especially from ZTE’s modification, they intend to remove the subsets of SRS resources in the set. That is, the same resource may be used for transmissions to different TRPs by switching with only difference in the power control for these transmissions. If that’s the case, then Option 2 would require some changes (which is fine as long as the group agrees), which may also address some of the questions/comments above on Option 2. In any case, please note that existing mechanism for AS supports at most 2 SRS resource sets and 1 resource per set, so please clarify how Option 2 configuration/operation will be different and beneficial. Therefore, Option 2 proponents, please further clarify your understanding on Option 2.




For Tuesday Offline and Round 2

It seems to me that from the inputs by Option 2 proponents, especially from ZTE’s modification, they intend to remove the subsets of SRS resources in the set. That is, the same resource may be used for transmissions to different TRPs by switching with only difference in the power control for these transmissions. If that’s the case, then Option 2 would require some changes (which is fine as long as the group agrees), which may also address some of the questions/comments above on Option 2. In any case, please note that existing mechanism for AS supports at most 2 SRS resource sets and 1 resource per set (using nTnR as an example), so please clarify how Option 2 configuration/operation will be different and beneficial. Therefore, Option 2 proponents, please further clarify your understanding on Option 2.


Proposal 2.5: For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, for an SRS resource set:
At least support Option 1:
Same power control process for all SRS resources of an SRS resource set where the power control process is based on one Po value and one closed loop state and jointly on more than one DL pathloss RS and/or more than one alpha
Each transmission occasion of the SRS resource is towards multiple TRPs
FFS: Support Option 2:
More than 1 power control processes each for a subset of SRS resource of an SRS resource set where each of the power control process is based on a different UL power control parameter set (Po, alpha, and closed loop state) associated with a different DL pathloss RS
Different transmission occasions of the SRS resource set can be towards different TRPs



	Company
	View

	Sharp
	We prefer Option 2 to Option 1 but are still open to discuss.
For Option 2, one of multiple pathloss reference signals in a SRS resource set can be switched per a transmission occasion for each SRS resource repetition. Therefore, proper power control towards to each of multiple TRPs can be achieved during all the SRS resource repetitions.

	Lenovo
	For option 1, we think the motivation for introducing more than one alpha should be clarified. So we suggest to put “more than one alpha” as FFS. 
For option 2, we think it may be not aligned “a subset of SRS resource of an SRS resource set” in sub-bullet 1 and “SRS resource set”. So we prefer to the original description with “SRS resource”. 

	LGE
	We prefer to down-select one in this meeting or in the next meeting, and we don’t support option 1.

For option 1, there would still be near-far problem if pathloss difference between TRPs is large. So, it could not be optimized for any TRP.
For option 2, we support as it can achieve more accurate TRP-specific DL CSI acquisition. Regarding the comment that up to two SRS resource set can achieve same functionality as option 2, up to two SRS resource set (with antenna switching usage) could be configured for different time domain behavior of SRS resource set (P/SP/AP), so it would not always be used for per-TRP SRS resource set configuration. Also, in C-JT scenario in Rel-18, up to 4 TRPs are considered for M-TRP combination. So, the current up to two SRS resource set is not sufficient for C-JT enhancement.

(By the way, the outcome of Tuesday offline is not applied?)



The version after Tuesday Offline is as follows. (I think the word ‘each’ in Option 2 should also be deleted.)

Proposal 2.5A: For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, for an SRS resource set:
At least support Option 1:
Same power control process for all SRS resources of an SRS resource set where the power control process is based on one Po value and one closed loop state and jointly on more than one DL pathloss RS and/or more than one alpha
Each transmission occasion of the SRS resource is towards multiple TRPs
FFS: Support Option 2:
More than 1 power control processes each for a subset of SRS resource of an SRS resource set where each of the power control process is based on a different UL power control parameter set (Po, alpha, and closed loop state) associated with a different DL pathloss RS
Different transmission occasions of the SRS resource set can be towards different TRPs
Only for P/SP SRS

The general situations are updated:
Option 1: 
Pros: 
Low SRS transmission overhead with the same SRS resource / resource set configuration overhead as existing mechanism
Low latency
One source shows performance benefit
Cons: 
Receive powers at the CJT TRPs are less accurate
Support by: CMCC, ETRI, Futurewei, Lenovo, NEC, Nokia, Nokia Shanghai Bell, Qualcomm, Spreadtrum, ZTE, Google, OPPO, xiaomi, ETRI
Acceptable by: 
Against by: 
Option 2: 
Pros: 
Receive powers at the CJT TRPs are accurate
Cons: 
Higher SRS transmission overhead (same SRS transmission overhead as existing mechanism) with the same SRS resource / resource set configuration overhead as existing mechanism
Higher latency; near-far problem can cause high interference to the nearby TRP
Support by: Ericsson, Google, Intel, InterDigital, KDDI, LGE, Sharp
Acceptable by: ZTE, ETRI
Against by: 
Against Options 1/2: 
NTT DOCOMO, vivo

In summary, Option 2 proponents clarified that Option 2 does not require the increasing the SRS resource / resource set configuration overhead, and hence it is better than using multiple SRS resources / resource sets for multiple TRPs. Note that increasing the maximum SRS resources / resource sets can lead to too much spec impact. In this sense, both options are similar. Assuming the UE transmits 10 times in total for each option, then in Option 1, each of the TRPs receives 10 times but with less power accuracy, whereas in Option 2, each of the TRPs receives 5 times but with better power accuracy. So there is a tradeoff. We will have to decide if we want to down select or support both. Or if there is a way to combine the advantages of both options, that may help us make progress. Your suggestions are welcome.

	Company
	View

	LGE
	We prefer to down-select one in this meeting or in the next meeting, and we don’t support option 1.

For option 1, there would still be near-far problem if pathloss difference between TRPs is large. So, it could not be optimized for any TRP.
For option 2, we support as it can achieve more accurate TRP-specific DL CSI acquisition. Regarding the comment that up to two SRS resource set can achieve same functionality as option 2, up to two SRS resource set (with antenna switching usage) could be configured for different time domain behavior of SRS resource set (P/SP/AP), so it would not always be used for per-TRP SRS resource set configuration. Also, in C-JT scenario in Rel-18, up to 4 TRPs are considered for M-TRP combination. So, the current up to two SRS resource set is not sufficient for C-JT enhancement.

	Samsung
	We think the proposal is not included in WID scope, neither interference randomization nor capacity enhancement.

	Nokia/NSB
	We support option 1. Option 2 has no gain over option 1 and even the existing scheme. Option 1 is the code-domain interference mitigation scheme. So, we don’t agree with Samsung’s assessment.

	Intel
	We don’t support Option 1.
For Option 1, it’s not clear to us how to determine the Tx power of SRS based on multiple pathloss reference signals and only one power control state.
We don’t think Option 1 is helpful for the near-far issue and the interference.
For example, in ideal case, the SRS Tx power to TRP1 should be lower and the Tx power to TRP 2 should be higher. With Option1, from TRP1 perspective, the SRS Tx power actually will be higher and hence the interference is increase; while from TRP2 perspective, the SRS Tx power actually will be lower and hence the channel estimation quality is degraded.

	KDDI
	We support Option 2. 
In our opinion, in addition to configure more than one power control processes for an SRS resource set, Option2 can also be realized by referencing different path loss reference signals for each SRS resource repetition.

	Lenovo
	We support option 1. We are not clear for the actual benefit compared with legacy power control scheme.

	vivo
	Don’t support. We don’t see the benefit from power control enhancement. 

	ETRI
	Support the proposal, and we prefer to support Option 1 for this issue. We think it would be better to decide whether to down-select or not in this meeting.



For Thursday Offline:
Proposal 2.5A: For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, for an SRS resource set:
At least support Option 1:
Same power control process for all SRS resources of an SRS resource set where the power control process is based on one Po value and one closed loop state and jointly on more than one DL pathloss RS and/or more than one alpha
Each transmission occasion of the SRS resource is towards multiple TRPs
FFS: Support Option 2:
More than 1 power control processes each for a subset of SRS resource of an SRS resource set where each of the power control process is based on a different UL power control parameter set (Po, alpha, and closed loop state) associated with a different DL pathloss RS
Different transmission occasions of the SRS resource set can be towards different TRPs
Only for P/SP SRS


	Company
	View

	
	

	
	

	
	




Enhancements for improved randomization and flexibility of SRS transmissions
Enhanced signaling for flexible SRS transmission
Latest proposal in email discussion:
Previous Proposal: Select by RAN1#111 meeting at most one enhanced signaling for flexible SRS transmission from the following list:
· Dynamic update of one or more of the following SRS parameters
· Generally supported by: InterDigital
· Frequency-domain parameter (e.g., BW change, comb change and/or hopping location change)
Supported by: Futurewei, NTT DOCOMO
· Power control parameter
Supported by: ZTE
· RPFS parameters
Supported by: Futurewei, xiaomi
· Number of antennas in antenna switching
Supported by: Ericsson
· Code-domain parameters (cyclic shift / SRS sequence)
Supported by: Futurewei
· Time-domain parameters
Supported by: NTT DOCOMO
· Activation by DCI for SP SRS
Supported by: Qualcomm
· Enhanced cancellation indication in DCI format 2_4, e.g.,
· Supported by: vivo
· Association with SRS resource(s)
· Periodic/persistent cancellation
Generally supported by: CMCC, ETRI
Not supporting any of above: Lenovo, LGE, Samsung, OPPO
Low priority: Qualcomm, Lenovo, Nokia/NSB, CATT, NEC

The views are very split. To attempt to make progress, I suggest to consider first achieving an agreement for down selection and at high-level, if at all possible, based on which companies can do more in-depth study. However, if such an agreement cannot be achieved, then we can only close the discussion for this category.

[bookmark: _Hlk119344363]Potential Proposal 2.6.1: Select by RAN1#111 meeting at most one enhanced signaling for flexible SRS transmission from the following list:
· Dynamic update of one or more of the following SRS parameters
· Frequency-domain parameter (e.g., BW change, comb change and/or hopping location change)
· [Power control parameter]
· RPFS parameters
· Number of antennas in antenna switching
· Code-domain parameters (cyclic shift / SRS sequence)
· Time-domain parameters
· Activation by DCI for SP SRS
· Enhanced cancellation indication in DCI format 2_4, e.g.,
· Association with SRS resource(s)
· Periodic/persistent cancellation
Views can be provided for the above enhancements.
	Company
	View

	Apple
	So the purpose is to limit to either 0 or 1 enhancement? We might be fine. 

	Google
	This has been discussed repeatedly multiple times in last meeting and previous meetings. We think none of the above should be discussed again.

	OPPO
	Though we think none of the enhancement is needed, we are fine to limit the scope to at most one enhanced signaling.

	Huawei, HiSilicon
	Generally fine with the proposal.

	DOCOMO
	Fine with the proposal. 

	QC
	Based on multiple rounds of discussions so far, it still seems companies are divided on the preferred scheme for this category. Hence, it can be deprioritized unless if the situation changes. 

	Lenovo
	We prefer to deprioritize enhanced signalling for flexible SRS transmission since different companies may have different views on signalling details and there seems to be no consensus between proponents on one candidate scheme. 

	CMCC
	We are fine to narrow down the scope to at most one enhancement.

	Xiaomi
	We are fine to the proposal.

	IDC
	Support FL’s proposal. FD, CD, TD parameters can be prioritized. 

	Nokia/NSB
	Agree with QC. If needed, the proposal should be more signaling enhancement than discussing parameters. 

	Intel
	This should be low priority.

	Vivo
	Support the proposal.

	ZTE
	We are fine with following updated proposal to distinguish between dynamic update the SRS parameter by triggering different aperiodic SRS resource and the new enhancement.
 Updated Proposal 2.6.1: Select by RAN1#111 meeting at most one enhanced signaling for flexible SRS transmission from the following list:
· Dynamic update of one or more of the following SRS parameters for one SRS resource set or one SRS resource
· Frequency-domain parameter (e.g., BW change, comb change and/or hopping location change)
· [Power control parameter]
· RPFS parameters
· Number of antennas in antenna switching
· Code-domain parameters (cyclic shift / SRS sequence)
· Time-domain parameters
· Activation by DCI for SP SRS
· Enhanced cancellation indication in DCI format 2_4, e.g.,
· Association with SRS resource(s)
· Periodic/persistent cancellation


	CATT
	Agree with QC that it should be deprioritized unless there is a candidate scheme can be accepted by most companies.

	NEC
	Prefer to deprioritize the proposal.

	Samsung
	We do not support, and we suggest to focus on other proposals.

	ETRI
	Support the FL’s proposal.




For Tuesday Offline and Round 2

Please continue to provide inputs to the proposal, preferably not simply repeating previous comments. If a scheme below can be incorporated into other ongoing discussion, please consider to move the discussion there. Proponents, please try to have some discussions on how to move this forward. We may have to make a decision this meeting, if online/offline time allows. 

Proposal 2.6.1: Select by RAN1#111 meeting at most one enhanced signaling for flexible SRS transmission from the following list:
· Dynamic update of one or more of the following SRS parameters
· Frequency-domain parameter (e.g., BW change, comb change and/or hopping location change)
· [Power control parameter]
· RPFS parameters
· Number of antennas in antenna switching
· Code-domain parameters (cyclic shift / SRS sequence)
· Time-domain parameters
· Activation by DCI for SP SRS
· Enhanced cancellation indication in DCI format 2_4, e.g.,
· Association with SRS resource(s)
· Periodic/persistent cancellation


	Company
	View

	Lenovo
	We do not support this proposal since it seems no consensus between proponents on one candidate scheme.

	CATT
	Do not support this proposal.

	Samsung
	Not support, since this is still very high level, and this is not included in WID scope, neither interference randomization nor capacity enhancement.

	vivo
	Support

	ETRI
	We are generally fine with the proposal.





Randomized transmission of SRS
The following has been discussed:
Pseudo-random muting of SRS transmission for periodic and semi-persistent SRS 
Pros: Interference randomization; two sources show performance benefit
Supported by: vivo, Qualcomm, Futurewei, NTT DOCOMO
Against by: Ericsson, Lenovo, xiaomi, Google, OPPO, Nokia/NSB, Samsung, ETRI
Low priority by: Lenovo, InterDigital, Intel, CATT, NEC
To move forward, the following potential proposal can be discussed.

Potential Proposal: Support pseudo-random muting of SRS transmission:
· Muting / transmission is per SRS transmission occasion, where a bundle of L transmission occasions is considered together.
· An index corresponding to a binary sequence of length L from a set of binary sequences is determined based on the pseudo-random sequence c(i) as a function of time (e.g., slot number, symbol number) with a certain UE-specific initialization.

Views can be provided for the above enhancement.
	Company
	View

	Apple
	It is too early to agree on to support. We do not need so many enhancement. 

	Google
	Do not support. 

	OPPO
	We don’t think it is needed. The main benefit of pseudo-random muting is to avoid persistent interference for UEs experiencing large interference. However, CJT is only expected to be deployed with ideal backhaul. TRPs can cooperate with SRS configuration to avoid large persistent interference. In this case, longer periodicity for P/SP SRS or cooperative AP SRS can be a better solution to avoid SRS collision among Ues in different TRPs.

	QC
	Support

	Lenovo
	We prefer to deprioritize enhanced SRS transmission with Pseudo-random muting since a similar functionality can be carried out by semi-persistent or aperiodic SRS to some extent.

	Xiaomi
	We do not support the proposal considering its impact on channel estimation accuracy and application limitation. 

	IDC
	We think this is lower priority compared to other schemes. 

	Nokia/NSB
	Do not support. For random muting while maintaining the same level of SRS channel estimation performance, more SRS time resource should be configured. For example, if muting randomly at every 4 times, at least 5 occasions should be configured, which means high overhead. 

	Intel
	This should be low priority.

	Vivo
	Support. 
We would like to mention that CS hopping, comb offset hopping would also cause impact on channel estimation accuracy. We have showed the gain compared with legacy SRS without randomization. Besides, based on pre-defined muting pattern, the number of SRS occasion would not increase. 

	ZTE
	This should be low priority. 

	CATT
	Low priority.

	Ericsson
	Do not support.

	LGE
	Not support.

	Samsung
	Not support.

	ETRI
	Do not support.




Round 2
Please continue to discuss the proposal, but only provide new inputs (not repeating what have been provided/captured before). Key proponents and opponents, please try to have some discussion to see if there is a way to progress. We may have to make a decision this meeting, if online/offline time allows. 

Proposal 2.6.2: Support pseudo-random muting of SRS transmission:
· Muting / transmission is per SRS transmission occasion, where a bundle of L transmission occasions is considered together.
· An index corresponding to a binary sequence of length L from a set of binary sequences is determined based on the pseudo-random sequence c(i) as a function of time (e.g., slot number, symbol number) with a certain UE-specific initialization.


	Company
	View

	LGE
	Not support.

	ZTE
	Not support

	Nokia/NSB
	Not support

	Xiaomi
	Not support. We have support comb hopping or cycle shift hopping for interference randomization. It is not necessary to introduce other schemes for achieving the same objective. 

	Lenovo
	Not support

	ETRI
	Not support.



Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment
At least the following potential enhancements have been discussed:
Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment 
Enh. 1: Configuration of  (sequence index within a group) per SRS resource (e.g., Qualcomm)
Pros: 
Improved reused factor to reduce sequence collisions
Supported by: Qualcomm, Futurewei
Against by: Ericsson
Enh. 2: Configuration of cyclic shift per SRS port per SRS resource 
This is related to cyclic shift hopping design, and may also be related to 8 Tx SRS design
Pros: 
Optimized CS allocation; useful for long channel delays
Useful for channels with long delay spread
Two sources show performance benefit
Cons: 
Potential PAPR issue
Supported by: Samsung, Qualcomm, Futurewei, Ericsson

To move forward, the following potential proposal can be discussed.

Potential Proposal: Support configuration of cyclic shift per SRS port per SRS resource.

Views can be provided for the above enhancement.
	Company
	View

	Apple
	Let us first have a solution agreed for 8 port SRS without this proposal. 

	Google
	Do not support

	OPPO
	This flexibility is unnecessary in our understanding. 

	QC
	Support. At least for Enh. 2, evaluation from two companies clearly show the gain. 
@FL: Can you elaborate more on the PAPR issue for the second enhancement?

	Lenovo
	Do not support. This flexibility with CS per SRS port per SRS resource may reduce CS spacing between SRS ports and it may have impact on channel estimation performance for the channel with larger delay spread on account of possible interference cross SRS ports. The benefit is not clear. 

	IDC
	We think this is lower priority compared to other schemes. 

	FL
	@Qualcomm: Please refer to Ericsson’s contribution R1-2212377.

	QC
	Thank you FL. We did not find such explanations in the Ericsson’s contribution, other than mentioning “must assume worst-case PAPR”. Maybe the question should be to Ericsson then 😊. 

	Nokia/NSB
	For Enh2, we are open to discuss with CS hopping.

	Intel
	This should be low priority.

	Vivo
	Low priority

	ZTE
	Low priority

	CATT
	Low priority.

	Ericsson
	We prefer to generalize the above  proposal to support new mapping of SRS ports to CSs for multi-port SRS resource (i.e., other than equidistant spacing over the ambiguity range). The purpose is to increase robustness towards delay differences between TRPs.
The PAPR concern is that if CS can be configured for each SRS port, then it is possible that the same CS will be used on multiple comb offsets, which may increase PAPR, as explained in our contribution. Another concern with per-port configuration of  CS is how to avoid collisions if used together with CS hopping.

	LGE
	Not support.

	Samsung
	We support to discuss Enh. 2 since 2 simulation sources showed the benefits. We observed that CS hopping with legacy systems and per-port CS allocation both show improvement. Also, per-port CS allocation can be jointly used with CS hopping, where CS hopping is within a sub-region of contiguous cyclic shifts, and it also shows better performance than CS hopping based on the legacy method.

	ETRI
	Low priority.



Round 2

Based on further discussions, several supporting companies suggested the following proposal:

Proposal 2.6.3: For a multi-port SRS resource, support new cyclic shift mapping to enable non-uniform cyclic shift allocation within the range [0, n_CS^max - 1] across ports.
This does not change the comb offset mapping across ports.
E.g., per-port configuration.
E.g., dividing [0, n_CS^max - 1] in multiple non-overlapping sub-regions.

Please provide your views to the proposal.

	Company
	View

	Lenovo
	For per-port configuration, we want to clarify the actual meaning here. For CS hopping, we think the starting point for discussion can be per SRS resource, where CS spacing between SRS ports is the same as legacy SRS.
For hopping value set, we prefer the configured set to make SRS interference coordination between TRPs. Also, it can be used for facilitating gNB realization to handle multiplexing between legacy UEs and R18 UEs with Comb and/or CS hopping. The specific set can be indicated by bitmap for [0, n_CS^max - 1].  
So we suggest the following updating:
Proposal 2.6.3: For a multi-port SRS resource, support new cyclic shift mapping to enable non-uniform cyclic shift allocation within the full or subset of range [0, n_CS^max - 1] across ports.
This does not change the comb offset mapping across ports.
E.g., per-port configuration.
E.g., dividing [0, n_CS^max - 1] in multiple non-overlapping sub-regions.


	LGE
	Not support. We don’t think it is related with SRS capacity and/or randomization enhancement for C-JT.

	ZTE 
	Not support

	Nokia/NSB
	Not support

	Xiaomi
	Not support.

	Lenovo2
	We do not support this proposal. Sorry for misunderstanding the proposal. Please ignore the above comment by Lenovo.

	ETRI
	Not support.





Other randomized frequency/code-domain resource mapping for SRS transmission
At least the following potential enhancements have been discussed:
[bookmark: _Hlk117064962]Enh. 1: Further enhancements to frequency hopping, via different bandwidths in FH (e.g., Samsung)
Pros: Interference randomization, SRS capacity enhancement
Cons: Non-uniform SRS sample pattern in time/frequency domain
Enh. 2: Per-hop sequence from a long SRS sequence (e.g., Huawei, HiSilicon, Futurewei)
Pros: SRS multiplexing; one source shows performance benefit
Cons: PAPR increased

Views can be provided for the above enhancement.
	Company
	View

	Huawei, HiSilicon
	Support Enh.2.
Its benefit has been clearly shown in our previous contribution and we think Enh.2 deserves further discussion.

	QC
	Do not support.

	Nokia/NSB
	Do not support.

	Vivo
	Don’t support.

	ZTE
	Don’t support.

	CATT
	Do not support.

	Ericsson
	Do not support.

	LGE
	Not support.

	ETRI
	Not support.



Round 2

Please continue to discuss the proposal, but only provide new inputs (not repeating what have been provided/captured before). Key proponents and opponents, please try to have some discussion to see if there is a way to progress. We may have to make a decision this meeting, if online/offline time allows. 


	Company
	View

	
	

	
	

	
	



Others
Some other designs for TDD CJT SRS were also discussed:
Applicability to usages other than ‘antennaSwitching’
Partial reciprocity
These can be further discussed. Companies’ views on the above are collected as follows. Any other views, issues, potential enhancements, and clarifications can also be provided.

	Company
	View

	
	

	
	

	
	




SRS enhancements targeting 8 Tx operation
It is well known that increasing UE Tx antenna ports can significantly improve various performance metrics for UL/DL transmissions. 8 Tx transmissions can be feasible for at least CPE/FWA/vehicle/industrial devices and hence can be beneficial.
Some remaining issues on the number of SRS resources for 8 Tx SRS and the number of SRS resource sets for 8 Tx SRS will be discussed in agenda item 9.1.4.2 covering “SRI/TPMI enhancement for enabling 8 TX UL transmission; To support up to 4 or more layers per UE in UL targeting CPE/FWA/vehicle/industrial devices”.
Detailed designs to support 8 Tx SRS 
We will start to discuss some detailed designs for 8 Tx SRS, such as comb and comb offset allocation, cyclic shift allocation, etc. As so far only legacy port mapping is agreed, we will first focus on comb/cyclic shift designs based on legacy port mapping, i.e., one symbol, repetition, FH, RPFS. 
We have achieved the following agreements:
Agreement
For an 8-port SRS resource in a SRS resource set ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with m OFDM symbols (m >= 1), at least support the 8 ports mapped onto each of the m OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof). 
· m takes the legacy values, i.e., 1,2,4,8,10,12,14.
Agreement
For one single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH, when the SRS resource is configured with n ports (n <= 8) and m OFDM symbols (m >= 1), at least support the n ports mapped onto each of the m OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof). 
· n can be 8
· m takes the legacy values, i.e., 1,2,4,8,10,12,14.

Comb offset
We will first decide how many comb offsets an 8-port SRS resource will take on each of the m OFDM symbols. The summary from the contributions is:
Number of comb offsets for an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’
Comb 2 with maximum 8 cyclic shifts per comb offset
1 comb offset (supported by Apple, CMCC, Futurewei, Google, NTT DOCOMO, ZTE)
2 comb offsets (supported by Apple, CATT, CMCC, Futurewei, Intel, Lenovo, NTT DOCOMO, Samsung, Sharp, Spreadtrum)
Comb 4 with maximum 12 cyclic shifts per comb offset
1 comb offset (supported by CMCC,ZTE)
2 comb offsets (supported by Apple, CATT, CMCC, Ericsson, Futurewei, Google, Intel, Lenovo, Samsung, ZTE)
4 comb offsets (supported by CATT, CMCC, Ericsson, Futurewei, Intel, Lenovo, NTT DOCOMO, Sharp, Spreadtrum)
Comb 8 with maximum 6 cyclic shifts per comb offset
1 comb offset  (supported by ZTE)
2 comb offsets (supported by CMCC, Samsung, OPPO,ZTE)
4 comb offsets (supported by Apple, CATT, CMCC, Ericsson, Futurewei, Intel, Lenovo, NTT DOCOMO, Sharp, Spreadtrum, OPPO,ZTE)
8 comb offsets (supported by CATT, CMCC, Ericsson, Futurewei, Google, Intel, NTT DOCOMO, Samsung,ZTE)

Please update the summary if I missed anything. The following potential proposal is suggested:
Potential Proposal 3.1.1: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, at least support:
For comb 2, at least support 1 and 2 comb offsets, and FFS 1 comb offset
For comb 4, at least support 2 and 4 comb offsets
For comb 8, at least support [2], 4, and [8] comb offsets, and FFS 2 comb offsets

Views can be provided for the above enhancements.
	Company
	View

	Apple
	For comb 2, why we need 2 comb offset, we have 8 cyclic shifts 
For comb 4/8, we only need one solution for supporting 8 ports, why we need to support at least 2 different value of comb offsets

	Google
	Agree with Apple

	OPPO
	For comb 8, we think 8 comb offsets would cost too much frequency resource, and 2/4 comb offsets should be baseline. 

	Huawei, HiSilicon
	We don’t see strong motivation to support 8 comb offsets for comb 8.

	DOCOMO
	For comb2, agree with Apple. The others are fine for us. 

	Lenovo
	We are general fine with this proposal. While we share similar feel with OPPO on 8 comb offsets for comb 8. We prefer to support 4 comb offsets as baseline.

	CMCC
	For Comb 2, if 2 comb offsets and 8 cyclic shifts are used for 8 SRS ports, then all the cyclic shifts are used, and the capacity of SRS is not as good as 1 comb offset design. The comb offset and cyclic shift design may discuss together, or else, the proposal may be modified:
For comb 2, at least support 1 comb offset and 2 comb offsets, and FFS 1 comb offset

	Xiaomi
	Fine with the proposal

	Nokia/NSB
	For comb-4, when 2 comb-offsets are configured, 8 TX can be already supported. So, it remains unclear for us at least 2 and 4 comb-offsets need to be supported?
For comb-8, when 4 comb-offsets are configured, 8 TX can be already supported. So, it remains unclear for us at least 4 and 8 comb-offsets need to be supported?
In other words, for comb-4 we prefer to have 4 comb-offsets as FFS and for comb-8, FFS: 2 and 8 comb-offsets.

	Intel
	Generally fine with the proposal.

	vivo
	Support the updated proposal.
For comb 8, we only support 4 comb offsets occupied by one SRS resource. 2 comb offsets require non-uniform CS distribution, while 8 comb offsets require too many frequency resources.

	ZTE
	Support following updated proposal 
Proposal 3.1.1: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, at least support:
· For comb 2, support 1 and 2 comb offsets
· For comb 4, support [1], 2 and 4 comb offsets
· For comb 8, support [1], [2], 4, and [8] comb offsets. , and FFS 2 comb offsets


	CATT
	For comb 2, we prefer 2 comb offsets, then any two ports would not be mapped to consecutive cyclic shifts;
For comb 4, support 2 and 4 comb offsets;
For comb 8, fine with 4 and 8 comb offsets.

	NEC
	Fine with the proposal.

	QC
	We don’t support FL proposal in current form. In general, we agree with Apple that one solution is enough for each comb size. What is the benefit to support multiple solutions?
For comb 2, only support 1 comb offset is enough. 
For comb 4 and 8, only one comb offset value is needed. We can further study which one. But we also think support all 8 comb offsets seems not reasonable. 

	Sharp
	Support CATT’s proposal.

	Ericsson
	Support FL’s proposal with the following modification:
· For comb 4, support 2 and [4] comb offsets
Note that, in legacy specification, for 4-port SRS resources, it is already possible to split the ports over two comb offsets to increase spacing between CSs and, hence, improve robustness to channel delay spread. The same functionality should be possible for 8-port SRS resources as well.
Regarding ZTE’s proposal to support 8 ports on 1 comb offset, note that this is not possible (unless the maximum number of CSs is increased) as there is only 6 available CSs per comb offset.

	LGE
	For comb 2, at least support 2 comb offsets
For comb 4/8, same view with Apple. Either comb offset is sufficient for simplicity.



For Tuesday Offline and Round 2
Proposal 3.1.1A: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, at least support:
For comb 2, support 1 and [2] comb offsets
For comb 4, support 2 and [4] comb offsets
For comb 8, support [2], 4, and [8] comb offsets
Note: Comb offset(s) for TD OCC will be discussed separately, if supported.


	Company
	View

	Sharp
	For comb 8, 2 comb offsets are unnecessary because the maximum CS value is 6 for comb 8, and it cannot be equivalently separated into 4 values.

	Lenovo
	For comb 2, at least support 2 comb offsets
For comb 4, support either 2 or 4 comb offsets.
For comb 8, support 4 comb offsets.

	LGE
	As discussed in Tuesday offline discussion, support of single comb offset value per comb value is more preferable for simplicity.




The version from Tuesday Offline is:
Proposal 3.1.1B: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, at least support:
For comb 2, support 1 and [2] comb offsets
For comb 4, support 2 and [4] comb offsets
For comb 8, support 4 comb offsets
Note: Comb offset(s) for TD OCC will be discussed separately, if supported.

Companies also mentioned that the idea of the note should also be applicable to TDM, which seems reasonable. So an updated proposal is provided. Also if the vendors do not wish to support all the possible comb offset configurations, please note that these features will be optional and subject to UE capability. So taking into account of all inputs received from the tdocs and during the meeting, I suggest to remove the brackets to move forward.
Proposal 3.1.1C: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), at least support:
For comb 2, support 1 and [2] comb offsets
For comb 4, support 2 and [4] comb offsets
For comb 8, support 4 comb offsets


	Company
	View

	LGE
	As discussed in Tuesday offline discussion, support of single comb offset value per comb value is more preferable for simplicity.

	CATT
	For comb 2, at least 2 comb offsets shall be supported. If only 1 comb offset is supported, 8 cyclic shifts are all occupied, making channel estimation very difficult for gNB in large delay spread scenario.


	Samsung
	We think 1, 2, 4 comb offsets are enough for comb 2, 4, and 8, respectively.

	Intel
	Generally fine with the proposal.

	vivo
	Fine with the proposal.

	Huawei, HiSilicon
	Although we also prefer two different comb mapping schemes for comb 8, for progress we can live with current proposal.




Wednesday agreement:

Proposal 3.1.1C: 
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), at least support:
For comb 2, support 1 and 2 comb offsets
For comb 4, support 2 and [4] comb offset
For comb 8, support 4 comb offsets


Cyclic shifts
We will discuss cyclic shift design after we make some progress in comb offset design.


[bookmark: _Hlk111641721]Whether and how to support 8 ports in multiple OFDM symbols for 8 Tx SRS via TDM/TD OCC
Regarding whether and how to support 8 ports in one or multiple OFDM symbols for 8 Tx SRS, the latest proposal in email discussion was:
Previous Proposal (Multiple symbols according to TDM / TD OCC for AS/CB): 
For one single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with n ports (2 <= n <= 8) and m OFDM symbols (m > 1), study the n ports mapped onto the m OFDM symbols using at least one of the options: 
· Option 1: Different SRS ports are mapped onto different OFDM symbols (i.e., TDM)
· Option 2: The n SRS ports are mapped onto the multiple OFDM symbols according to TD OCC configuration. 
· For ‘codebook’, n can be [2], [4], [8] and depends on the outcome of the 8 Tx SRI/TPMI discussion.
· For ‘antennaSwitching’, n = 8.
· Strive for a unified design for port mapping to the OFDM symbols for ‘codebook’ and ‘antennaSwitching’.
· FFS: m can be legacy values, i.e., 2,4,[8,10,12,14].

The general positions are:
Support TDM and/or TD OCC for CB/AS: CATT, CMCC, Futurewei, Huawei, HiSilicon, InterDigital, KDDI, OPPO, Nokia, Nokia Shanghai Bell, Samsung, Qualcomm, ZTE
TDM
Supported by: CATT, CMCC, Futurewei, InterDigital, KDDI, OPPO, Nokia, Nokia Shanghai Bell, Samsung, Qualcomm, CATT
Against by: Ericsson, Intel, LGE, Sharp, vivo
TD OCC
Supported by: CMCC, Futurewei, Lenovo, ZTE
Against by: Intel, LGE, vivo, Samsung
Against TDM/TD OCC for CB/AS: Intel, LGE, vivo, Sharp, Ericsson

Please update the positions as you see needed. Companies can share views on the previous proposal and positions. 

Proposal 3.2 (Multiple symbols according to TDM / TD OCC for AS/CB): 
For one single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with n ports (2 <= n <= 8) and m OFDM symbols (m > 1), study the n ports mapped onto the m OFDM symbols using at least one of the options: 
· Option 1: Different SRS ports are mapped onto different OFDM symbols (i.e., TDM)
· Option 2: The n SRS ports are mapped onto the multiple OFDM symbols according to TD OCC configuration. 
· For ‘codebook’, n can be [2], [4], [8] and depends on the outcome of the 8 Tx SRI/TPMI discussion.
· For ‘antennaSwitching’, n = 8.
· Strive for a unified design for port mapping to the OFDM symbols for ‘codebook’ and ‘antennaSwitching’.
· FFS: m can be legacy values, i.e., 2,4,[8,10,12,14].


	Company
	View

	Apple
	We do not need to limit to CB/AS since SRS-Resource itself has no usage. We do not have strong preference.

	Google
	We also have concern for both TDM and TD-OCC.

	OPPO
	We think n should be 8 for SRS for codebook. The enhancement to legacy 2/4 ports SRS resource is out of scope of the WID. 

	Huawei, HiSilicon
	Similar view with OPPO.

	DOCOMO
	For AS, Rel-17 supports t4r8, which is equivalent to TDM, isn’t it? 
For CB, we do not understand the benefit of either TDM or TD OCC. Tx power per port is not an issue when using repetition. We prefer to focus on the design of 8-port in one OFDM symbol. 

	Lenovo
	For TDM case, if different SRS ports are associated with different symbols of a same SRS resource, we prefer that different symbol with different SRS ports corresponding to different SRS resource.

	CMCC
	Support Previous Proposal.

	Xiaomi
	We support Option.1. and same view with Oppo that n should be 8.

	IDC
	Support FL’s proposal. 

	Nokia/NSB
	We are open to discuss for the multiple symbol option.  Between the options we prefer option1, where UL SRS resource set usage can be codebook, non-codebook and antennaSwitching. Regarding to antennaSwitching, assume no real TX antenna switching happen, we understand the gap is not needed between resources, where as in legacy configuration guard or gap is always needed. 

	Intel
	Don’t support. As commented multiple times, we don’t see the necessity to have multiple OFDM symbols for 8-port SRS without repetition, which occupies more time domain resource.

	vivo
	Don’t support. Since one 8-port SRS resource mapped on one OFDM symbol has been supported, it’s unnecessary to additionally support one 8-port SRS resource mapped on multiple OFDM symbols with larger SRS overhead. Besides, two resources with 4 ports can be used to aggregate 8 ports in one or two different symbols, which is beneficial for partial/non-coherent codebook for UL 8Tx.

	ZTE
	Support proposal 3.2
We prefer Option 2 because option 1 can bring SNR gain and need no additional time gap compared with Option 1. 
@ DOCOMO, considering repetition case has been agreed, one SRS resource associated with one TD-OCC should be considered at least. 

	CATT
	Fine with Previous Proposal and Proposal 3.2, and we prefer Option 1. Power boosting can be considered when mapping different SRS ports to different OFDM symbols, which is benefit for SRS coverage.  

	QC
	We are fine with FL proposal. Between the two options, we support option 1. 

	Sharp
	We don’t support both TDM and TD-OCC.

	KDDI
	We are fine with FL’s proposal, and we prefer to support Option1. 

	Ericsson
	Don’t support. SRS power for coverage-limited UEs can be increased over multiple OFDM symbols with legacy schemes including repetition, frequency hopping, and/or partial sounding. We do not see a need for supporting additional schemes for increasing SRS coverage. Proponents of SRS TDM and/or TD-OCC should clarify what is the advantage over, e.g., SRS frequency  hopping.

	LGE
	Prefer not to support TDM or TD OCC, because agreed mapping for 8 ports to 1 OFDM symbol already achieve SRS 8 Tx operation. Also, the gain is not clear for us.

	Samsung
	Support option 1 (TDM) since it can provide more chances on multiplexing other UEs’ ports, and we don’t need to have same CS/Comb location for multiple symbols, which is necessary on the case of TD-OCC.



Round 2
Please continue to discuss the proposal (same as the one from the last meeting with only some square brackets removed), but only provide new inputs (not repeating what have been provided/captured before). Key proponents and opponents, please try to have some discussion to see if there is a way to progress. We may have to make a decision this meeting, if online/offline time allows. 

Proposal 3.2 (Multiple symbols according to TDM / TD OCC for AS/CB): 
For one single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with n ports (2 <= n <= 8) and m OFDM symbols (m > 1), study the n ports mapped onto the m OFDM symbols using at least one of the options: 
· Option 1: Different SRS ports are mapped onto different OFDM symbols (i.e., TDM)
· Option 2: The n SRS ports are mapped onto the multiple OFDM symbols according to TD OCC configuration. 
· For ‘codebook’, n can be [2], [4], 8 and depends on the outcome of the 8 Tx SRI/TPMI discussion.
· For ‘antennaSwitching’, n = 8.
· Strive for a unified design for port mapping to the OFDM symbols for ‘codebook’ and ‘antennaSwitching’.
· FFS: m can be legacy values, i.e., 2,4,[8,10,12,14].


	Company
	View

	LGE
	As we commented in the previous round, don’t support both options.

	ZTE
	Support
For option 2, we can further discuss the two cases including a first case where athe one SRS resource is associated with one TD-OCC, that is all n ports are associated with same TD-OCC  and a second case where the one SRS resource is associated with more than one TD-OCC. Because the repetition case has been agreed, so we suggest to support at least  the  first case. So we provide following updated proposal: 
Updated Proposal 3.2 (Multiple symbols according to TDM / TD OCC for AS/CB): 
For one single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with n ports (2 <= n <= 8) and m OFDM symbols (m > 1), study the n ports mapped onto the m OFDM symbols using at least one of the options: 
· Option 1: Different SRS ports are mapped onto different OFDM symbols (i.e., TDM)
· Option 2: The n SRS ports are mapped onto the multiple OFDM symbols according to TD OCC configuration. 
         Option 2-1:  The n SRS ports are associated with same one TD-OCC 
         Option 2-2:   The n SRS ports are associated with more than one TD-OCC
· For ‘codebook’, n can be [2], [4], 8 and depends on the outcome of the 8 Tx SRI/TPMI discussion.
· For ‘antennaSwitching’, n = 8.
· Strive for a unified design for port mapping to the OFDM symbols for ‘codebook’ and ‘antennaSwitching’.
· FFS: m can be legacy values, i.e., 2,4,[8,10,12,14].


	Nokia/NSB
	We don’t support TD-OCC. For TDM, it may be useful when there is limitation to configure enough size CS gap between SRS ports in a symbol due to long delay spread.  But, we are also fine without agreeing any scheme.  

	KDDI
	We are fine with FL’s proposal, and we prefer to support Option1.
We think that TDM method is effective in cases where CS multiplexing is not suitable, such as long delay spread.

	Xiaomi
	We are fine with FL’s proposal, and we support Option.1.

	vivo
	Don’t support. In addition to more overhead, the drop rule for TDM/TD-OCC should be further discussed, which requires more spec effort. We think it is enough to map one SRS resource with 8-port in one symbol.

	Lenovo
	For option 1, we still think different symbol should be different SRS resource. 



Wednesday agreement:

Proposal 3.2 (Multiple symbols according to TDM / TD OCC for AS/CB): 
For single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with 8 ports and m OFDM symbols (m > 1), support the case of 8 ports mapped onto the m OFDM symbols 
· Option 1: Different SRS ports are mapped onto different OFDM symbols (i.e., TDM)
· FFS: m can be legacy values, i.e., 2,4,[8,10,12,14].

[bookmark: _Hlk99709641]Other designs / design parameters for 8 Tx SRS
Some other designs / design parameters for 8 Tx SRS were also discussed:
Precoded SRS for AS
Full power mode
Antenna switching downgrade
PAPR issue
These can be further discussed. Companies’ views on the above are collected as follows. Any other views, issues, potential enhancements, and clarifications can also be provided.

	Company
	View

	
	

	
	

	
	





Conclusions
For Monday Online:
Proposal 2.1: For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port,
The hopping pattern is at least based on the pseudo-random sequence c(i), initialized with a network-configured ID
FFS: Other hopping patterns
FFS: The ID is cell ID , SRS sequence identity , C-RNTI, or a new ID
Support at least hopping based on slot index and OFDM symbol index
FFS: Intra-slot hopping based on OFDM symbol index, inter-slot hopping based on slot index, per occasion of SRS resource
FFS: Re-initialization periodicity 
Applicable to at least periodic/semi-persistent SRS with usage antennaSwitching
FFS: Other types of SRS
FFS: Configuring a subset of comb offsets / cyclic shifts for comb offset hopping / cyclic shift hopping, respectively
FFS: Combined comb offset hopping and cyclic shift hopping, supporting both, or down selecting one

Proposal 3.1.1: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, at least support:
For comb 2, support 1 and 2 comb offsets
For comb 4, support 2 and 4 comb offsets
For comb 8, support [2], 4, and [8] comb offsets

Proposal 3.2 (Multiple symbols according to TDM / TD OCC for AS/CB): 
For one single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with n ports (2 <= n <= 8) and m OFDM symbols (m > 1), study the n ports mapped onto the m OFDM symbols using at least one of the options: 
· Option 1: Different SRS ports are mapped onto different OFDM symbols (i.e., TDM)
· Option 2: The n SRS ports are mapped onto the multiple OFDM symbols according to TD OCC configuration. 
· For ‘codebook’, n can be [2], [4], 8 and depends on the outcome of the 8 Tx SRI/TPMI discussion.
· For ‘antennaSwitching’, n = 8.
· Strive for a unified design for port mapping to the OFDM symbols for ‘codebook’ and ‘antennaSwitching’.
· FFS: m can be legacy values, i.e., 2,4,[8,10,12,14].

Proposal 2.2: Support SRS TD OCC.
FFS: Dropping rules of collision with other uplink resource, other details.

Proposal 2.6.1: Select by RAN1#111 meeting at most one enhanced signaling for flexible SRS transmission from the following list:
· Dynamic update of one or more of the following SRS parameters
· Frequency-domain parameter (e.g., BW change, comb change and/or hopping location change)
· [Power control parameter]
· RPFS parameters
· Number of antennas in antenna switching
· Code-domain parameters (cyclic shift / SRS sequence)
· Time-domain parameters
· Activation by DCI for SP SRS
· Enhanced cancellation indication in DCI format 2_4, e.g.,
· Association with SRS resource(s)
· Periodic/persistent cancellation

Monday agreement:
Proposal 2.1: 
For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port,
FFS: Hopping pattern
Support at least hopping based on slot index, OFDM symbol index
FFS: Use of symbol group based on repetition factor 
FFS: Additional details on intra-slot hopping based on OFDM symbol index, inter-slot hopping based on slot index, per occasion of SRS resource
FFS: Re-initialization periodicity 
Applicable to at least periodic/semi-persistent SRS with usage antennaSwitching
FFS: Other types of SRS
FFS: Configuring a subset of comb offsets / cyclic shifts for comb offset hopping / cyclic shift hopping, respectively
FFS: Combined comb offset hopping and cyclic shift hopping, supporting both, or down selecting one

For Tuesday Offline:
Proposal 3.1.1A: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, at least support:
For comb 2, support 1 and 2 comb offsets
For comb 4, support 2 and 4 comb offsets
For comb 8, support [2], 4, and [8] comb offsets
Note: Comb offset(s) for TD OCC will be discussed separately, if supported.

Proposal 2.5: For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, for an SRS resource set:
At least support Option 1:
Same power control process for all SRS resources of an SRS resource set where the power control process is based on one Po value and one closed loop state and jointly on more than one DL pathloss RS and/or more than one alpha
Each transmission occasion of the SRS resource is towards multiple TRPs
FFS: Support Option 2:
More than 1 power control processes each for a subset of SRS resource of an SRS resource set where each of the power control process is based on a different UL power control parameter set (Po, alpha, and closed loop state) associated with a different DL pathloss RS
Different transmission occasions of the SRS resource set can be towards different TRPs

Proposal 2.4: Support at least one of the following SRS capacity enhancement schemes:
[SRS TD OCC]
Precoded SRS for DL CSI acquisition
Multiplying mask sequence to the legacy SRS sequence
FD OCC
[Power control of one SRS towards to multiple TRPs]
Enhanced signaling for flexible SRS transmission

Proposal 2.6.1: Select by RAN1#111 meeting at most one enhanced signaling for flexible SRS transmission from the following list:
· Dynamic update of one or more of the following SRS parameters
· Frequency-domain parameter (e.g., BW change, comb change and/or hopping location change)
· [Power control parameter]
· RPFS parameters
· Number of antennas in antenna switching
· Code-domain parameters (cyclic shift / SRS sequence)
· Time-domain parameters
· Activation by DCI for SP SRS
· Enhanced cancellation indication in DCI format 2_4, e.g.,
· Association with SRS resource(s)
· Periodic/persistent cancellation

For Wednesday Online:
Proposal 3.1.1C: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), at least support:
For comb 2, support 1 and 2 comb offsets
For comb 4, support 2 and 4 comb offsets
For comb 8, support 4 comb offsets

Proposal 3.2 (Multiple symbols according to TDM / TD OCC for AS/CB): 
For one single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with n ports (2 <= n <= 8) and m OFDM symbols (m > 1), study the n ports mapped onto the m OFDM symbols using at least one of the options: 
· Option 1: Different SRS ports are mapped onto different OFDM symbols (i.e., TDM)
· Option 2: The n SRS ports are mapped onto the multiple OFDM symbols according to TD OCC configuration. 
· For ‘codebook’, n can be [2], [4], 8 and depends on the outcome of the 8 Tx SRI/TPMI discussion.
· For ‘antennaSwitching’, n = 8.
· Strive for a unified design for port mapping to the OFDM symbols for ‘codebook’ and ‘antennaSwitching’.
· FFS: m can be legacy values, i.e., 2,4,[8,10,12,14].

Wednesday agreement:

Proposal 3.1.1C: 
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), at least support:
For comb 2, support 1 and 2 comb offsets
For comb 4, support 2 and [4] comb offset
For comb 8, support 4 comb offsets


Proposal 3.2 (Multiple symbols according to TDM / TD OCC for AS/CB): 
For single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with 8 ports and m OFDM symbols (m > 1), support the case of 8 ports mapped onto the m OFDM symbols 
· Option 1: Different SRS ports are mapped onto different OFDM symbols (i.e., TDM)
· FFS: m can be legacy values, i.e., 2,4,[8,10,12,14].



For Thursday Offline:
Proposal 2.2: Support SRS TD OCC.
FFS: Dropping rules of collision with other uplink resource, other details.

Proposal 2.6.1: Select by RAN1#111 meeting at most one enhanced signaling for flexible SRS transmission from the following list:
· Dynamic update of one or more of the following SRS parameters
· Frequency-domain parameter (e.g., BW change, comb change and/or hopping location change)
· [Power control parameter]
· RPFS parameters
· Number of antennas in antenna switching
· Code-domain parameters (cyclic shift / SRS sequence)
· Time-domain parameters
· Activation by DCI for SP SRS
· Enhanced cancellation indication in DCI format 2_4, e.g.,
· Association with SRS resource(s)
· Periodic/persistent cancellation

Proposal 2.5A: For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, for an SRS resource set:
At least support Option 1:
Same power control process for all SRS resources of an SRS resource set where the power control process is based on one Po value and one closed loop state and jointly on more than one DL pathloss RS and/or more than one alpha
Each transmission occasion of the SRS resource is towards multiple TRPs
FFS: Support Option 2:
More than 1 power control processes each for a subset of SRS resource of an SRS resource set where each of the power control process is based on a different UL power control parameter set (Po, alpha, and closed loop state) associated with a different DL pathloss RS
Different transmission occasions of the SRS resource set can be towards different TRPs
Only for P/SP SRS

Proposal 2.1-1: For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port, the hopping pattern is determined based on one of the options:
Option 1: The hopping pattern is based on the pseudo-random sequence c(i), initialized with a network-configured ID.
FFS: The ID is cell ID , SRS sequence identity , C-RNTI, or a new ID
Options 2: One or more length-N hopping patterns based on RRC configuration.
FFS: The length N and the pattern(s)
Option 3: The hopping pattern is based on the group hopping pattern (when enabled), the sequence hopping pattern (when enabled), and SRS sequence identity .
FFS: Further details.

Proposal 2.1-2: For SRS interference randomization, support one from the following options  (to be decided in RAN1#112):
· Opt. 1: Cyclic shift hopping
· Opt. 2: Comb offset hopping
· Opt. 3: Both cyclic shift hopping and comb offset hopping
· Opt. 4: Combined cyclic shift hopping and comb offset hopping that can also reduce to separate cyclic shift hopping and comb offset hopping

For Thursday Online:
Offline Agreement: For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port, the hopping pattern is determined based on:
Option 1: The hopping pattern is based on the pseudo-random sequence c(i), initialized with a network-configured ID.
FFS: The ID could be cell ID , SRS sequence identity , C-RNTI, or a new ID
FFS: The relation between the legacy group / sequence hopping and the new hopping 

Proposal 2.1-2B: For SRS interference randomization, support one from the following options  (to be decided in RAN1#112):
· Opt. 1: Cyclic shift hopping
· Opt. 2: Comb offset hopping
· Opt. 3: Both cyclic shift hopping and comb offset hopping
· FFS: details including whether to support separate and/or combined hopping
· FFS: details on UE capability and signaling 

Proposal 2.5B: For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, for an SRS resource set:
At least support Option 1:
Same power control process for all SRS resources of an SRS resource set where the power control process is based on one Po value and one closed loop state and jointly on more than one DL pathloss RS and/or more than one alpha
Each transmission occasion of the SRS resource is towards multiple TRPs
FFS: Support Option 2:
More than 1 power control processes for an SRS resource set where each of the power control process is based on a different UL power control parameter set (Po, alpha, and closed loop state) associated with a different DL pathloss RS
Different transmission occasions of the SRS resource can be towards different TRPs
Only for P/SP SRS

Proposal 2.6.1A: Select by RAN1#111 meeting at most one enhanced signaling for flexible SRS transmission from the following list:
· Dynamic update of one or more of the following SRS parameters
· Frequency-domain parameter (e.g., BW change, comb change and/or hopping location change, RPFS parameters)
· [Power control parameter]
· RPFS parameters
· Number of antennas in antenna switching
· Code-domain parameters (cyclic shift / SRS sequence)
· Time-domain parameters
· Activation by DCI for SP SRS
· Enhanced cancellation indication in DCI format 2_4, e.g.,
· Association with SRS resource(s)
· Periodic/persistent cancellation

Proposal 2.2A: Support SRS TD OCC for TDD CJT SRS enhancement.
FFS: Dropping rules of collision with other uplink resource, other details.
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Appendix 
Appendix 1: Agreements from RAN1#109-e 
Agreement
For SRS EVM, adopt combined relevant parts from Rel-17 SRS EVM and Rel-18 FDD CJT EVM as starting point
· Details are provided in Appendix 3 of R1-2205330 for system-level simulations
· Details are provided in Appendix 4 of R1-2205330 for link-level simulations.
 Agreement
For 8 Tx SRS, a starting point of UE antenna configurations can be:
· (M, N, P; Mg,Ng; Mp, Np) = (2,2,2; 1,1; 2,2), (dH, dV) = (0.5, 0.5)λ, or
· (M, N, P; Mg,Ng; Mp, Np) = (1,4,2; 1,1; 1,4), (dH, dV) = (0.5, 0.5)λ.
· FFS other 8 Tx UE antenna configuration and alignment with outcomes from other agenda items.
Agreement 
For SRS EVM, consider additional EVM as follows
· Realistic channel estimation based on sequence generation for SRS modelling, at least for TDD CJT SRS LLS and 8 Tx SRS LLS as baseline
· Evaluation metrics for 8 Tx SRS LLS can be MSE , BLER or throughput
· TDL-C for TDD CJT SRS LLS can be included as optional.
Agreement 
Consider the scenario where there exists SRSs sent by a UE and utilized by multiple TRPs for channel estimation, and the pathlosses between the UE and the TRPs differ by at least x dB in Rel-18 SRS study
· x can be {3,6,10}, and other values can be used.
Agreement 
Study the following for SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS interference randomization and/or capacity enhancement
· [bookmark: _Hlk110606485]Randomized frequency-domain resource mapping for SRS transmission
· E.g., further enhancements to frequency hopping, comb hopping
· Randomized code-domain resource mapping for SRS transmission
· E.g., cyclic shift hopping/randomization, sequence hopping/randomization, per-hop sequence from a long SRS sequence
· Randomized transmission of SRS
· E.g., pseudo-random muting of SRS transmission for periodic and semi-persistent SRS
· Per-TRP power control and/or power control of one SRS towards to multiple TRPs
· SRS TD OCC
· Increasing the maximum number of cyclic shifts 
· E.g., multiplying mask sequence to the legacy SRS sequence to effectively increase the maximum cyclic shifts
· Precoded SRS for DL CSI acquisition
· [bookmark: _Hlk111638510]Enhanced signaling for flexible SRS transmission
· E.g., dynamic update of SRS parameters
· Partial frequency sounding extensions
· E.g., larger partial frequency sounding factor, starting RB location hopping enhancements, partial frequency hopping on other bandwidths corresponding to ,    besides the last bandwidth  
· Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment
· E.g., configuration of  (sequence index within a group) per SRS resource
· E.g., configuration of cyclic shift per SRS port per SRS resource.
· Resource mapping for SRS transmission based on network-provided parameters or system parameters
· E.g., SRS resource mapping based on network-provided parameters (e.g., configurable indexes) or system parameters (e.g., slot index)
Note: PAPR performance and maintaining DFT waveform property should be considered when deciding the enhancement for Rel-18.
Agreement 
Study the potential enhancements for SRS of 8T8R with usage antennaSwitching.
Agreement 
Study the potential enhancements for SRS for 8 Tx operation
· SRS resource(s) with 8 ports are configured for codebook-based PUSCH
· Up to 8 single-port SRS resources are configured for non-codebook-based PUSCH
Agreement 
For SRS enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices, study aspects include, for SRS for CB/NCB/AS, 
· Design parameters, including the maximum number of SRS resource sets, number of SRS resource sets, number of SRS resources, number of ports per resource, number of OFDM symbols, the allowed configurations for comb / comb shifts / cyclic shifts, number of simultaneous ports / resources / resource sets per OFDM symbol
· For the next decision point, study
· Whether to support 8 ports in one or multiple resources 
· Whether to support 8 ports in one or multiple OFDM symbols
· The maximum number of SRS resource sets.
· Note: For SRS for NCB, number of ports per SRS resource is still 1 (same as R15)
	Rel-18 SLS Assumptions for TDD CJT SRS

	Parameter
	Value

	Duplex, Waveform 
	TDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	
	Companies can simulate from the following 2 layouts. 

1) Outdoor (typical 57-sector, or 21-sector, SLS): 
OptionA: 1 TRP per sector, 3 sectors per site. N_TRP (#TRPs): 2, 3, 4  (N_TRP is semi-statically chosen based on, e.g. RSRP). The N_TRP TRPs can be selected either only from the same site (intra-site - limited to 3 TRPs), or also from other sites (inter-site) - company should describe what is assumed  

OptionB: N_TRP co-located (at BS) panels per sector - companies describe how the panels are (azimuthally) oriented

- Dense Urban (macro only) 200m ISD or Urban Macro 500m ISD







2) Indoor Hotspot: 
model in TS 38.802
- N_TRP (#TRPs): 2, 3, 4 (N_TRP is semi-statically chosen based on, e.g. RSRP)Outdoor OptA





	Frequency Range
	FR1 only, 3.5GHz

	Inter-BS (site) distance
	Outdoor: 200m or 500m
Indoor Hotspot: per TS 38.802

	Channel generation model
	According to the TR 38.901 

Difference in propagation delays between UE and N_TRP TRPs is taken into account in the composite Channel Impulse Response (CIR)  for CJT.
Otherwise, company should state if per-TRP delay offset (to "zero") is performed in the simulation.

Per WID, ideal synchronization and backhaul should be assumed. 
Optionally, companies may present results with phase/frequency error and should state the assumed frequency error models and values.

	Antenna setup and port layouts at gNB
	- 8 ports: (4,4,2,1,1,1,4), (dH,dV) = (0.5, 0.8)λ
- 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
- 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
- 64 ports: (8,8,2,1,1,4,8), (dH,dV) = (0.5, 0.8)λ 
Total #ports = N_TRP x {8,16,32,64}

	Antenna setup and port layouts at UE
	
4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2

	BS Tx power 
	Dense Urban or Urban Macro:
- Per TRP: 44 dBm for 20MHz, 47dBm for 40MHz, 51dBm for 100MHz
Indoor: per TRP 24dBm

	BS antenna height 
	Depending on scenarios (cf. table A.2.1-1 of TS 38.802): DU (25m), UMa (25m), Indoor Hotspot (3m)

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	30kHz 

	Number of RBs
	52RB for 20MHz, 104RB for 40MHz, 272RB for 100MHz

	Frame structure 
	DSUDD, or companies to state the used frame structure

	MIMO scheme
	SU/MU-MIMO with rank adaptation is a baseline 
For low RU, SU-MIMO or SU/MU-MIMO with rank adaptation are assumed 
For medium/high RU, SU/MU-MIMO with rank adaptation is assumed 

	MIMO layers
	For all evaluation, companies to provide the assumption on the maximum MU layers 

	Overhead 
	Companies shall provide the downlink overhead assumption

	Traffic model
	FTP 1 or FTP 3 with 20%, 50% or 70% traffic load

	UE distribution
	According to TS 38.802
- DU and UMa: 80% indoor (3km/h), 20% outdoor (30km/h) 
- Indoor Hotspot: 100% indoor (3km/h)

	UE receiver
	MMSE-IRC as the baseline receiver

	DL Channel estimation
	Realistic

	Evaluation Metric
	DL throughput

	Baseline for performance evaluation
	R17 SRS design

	SRS modeling for UL channel estimation
	Companies to state the used SRS periodicity.
Companies to state the SRS channel estimation modeling 
Number of ports = 2 or 4
Tx power = 23 dBm



	Rel-18 LLS Assumptions for TDD CJT SRS

	Parameter
	Value

	Scenario
	N_TRP (#TRPs): 2, 3, 4

	Carrier frequency and subcarrier spacing 
	3.5 GHz with 30 kHz SCS

	System bandwidth
	20MHz, 40MHz, 100MHz

	Channel model
	CDL-B or CDL-C in TR 38.901 with 30ns or 300ns delay spread as baseline for MU-MIMO and SU-MIMO 
Note: Other delay spread is not precluded. 

Difference in propagation delays between UE and N_TRP TRPs is taken into account in the composite Channel Impulse Response (CIR)  for CJT.
Otherwise, company should state if per-TRP delay offset (to "zero") is performed in the simulation.

Per WID, ideal synchronization and backhaul should be assumed. 
Optionally, companies may present results with phase/frequency error and should state the assumed frequency error models and values.

	UE velocity
	3km/h

	Antennas at UE
	1T4R, 2T4R, 4T4R

	Antennas at gNB
	64 ports: (8,8,2,1,1,4,8), (dH,dV) = (0.5, 0.8)λ 
32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ

	Rank and MCS
	Rank/MCS can be adaptive or fixed.

	Evaluation metrics
	MSE, BLER or throughput

	Baseline
	R17 SRS design

	Precoding granularity
	Fixed: 2, 4 or wideband for DL, wideband for UL.

	SRS configurations 
	Companies to state the used SRS periodicity.
Frequency hopping：Companies to state whether SRS frequency hopping is enabled and the hopping pattern if so.

	DL SNR
	Companies to state the used difference between DL SNR and UL SNR



Appendix 2: Agreements from RAN1#110 
Agreement
For Rel-18 reference signal enhancements, support and specify the following features (the agreed WID scopes apply):
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization;
RAN1 should strive to minimize the number of schemes supported in Rel-18
· SRS enhancements to enable 8 Tx UL operation and 8T8R SRS for DL operation.
Target usage includes antenna switching, codebook/non-codebook based SRS
Agreement
For 8 Tx SRS, at least support
· 8 ports in 1 SRS resource for ‘antennaSwitching’;
· FFS 8 ports in one or multiple SRS resources for ‘codebook’ 
Above does not imply support for 8 ports in one or multiple OFDM symbols
Agreement
For the maximum number of SRS resource sets for SRS with 8T8R with ‘antennaSwitching’, keep the existing value of the maximum number of SRS resource sets (as provided in Rel-17 antenna switching nTnR)
Agreement
For an 8-port SRS resource in an SRS resource set with usage antennaSwitching (i.e., for 8T8R antenna switching), the 8-port SRS resource is transmitted in at least one OFDM symbol.
FFS: the resource transmitted in multiple OFDM symbols where different ports are mapped to different symbols.
Agreement
For SRS resource set(s) with usage ‘nonCodebook’ support 8 1-port SRS resources in one or multiple OFDM symbols. 
· Note: The maximum number of simultaneous SRS resources is determined via UE-capability signalling.
Appendix 3: Agreements from RAN1#110bis-e
Agreement
Support at least one of the following for SRS interference randomization
· Randomized code-domain resource mapping for SRS transmission by introducing cyclic shift hopping / randomization to SRS resource
· Comb offset hopping for SRS
· The comb offset is determined pseudo-randomly as a function of time (e.g., slot index, symbol index) and/or NW configured ID with a certain UE-specific initialization.
· FFS: Other details, e.g., how the comb offset value is determined by the parameters for each SRS port of a SRS resource for a SRS transmission occasion.
Agreement
For comb offset hopping for SRS and for randomized code-domain resource mapping for SRS transmission via cyclic shift hopping / randomization, further study the following:
· The hopping pattern (e.g., the pseudo-random sequence, time-domain granularity for hopping)
· The time-domain parameter and/or behavior (e.g., slot index, symbol index, re-initialization behavior)
· Network-configured ID for UE-specific initialization
· How the comb offset / cyclic shift value is determined by the parameters for each SRS port of a SRS resource for a SRS transmission occasion
· Potential issue on multiplexing with legacy UEs if CS hopping and/or comb offset hopping are enabled
· Applicability to periodic/semi-persistent/aperiodic SRS
Other details are not excluded
Agreement
For SRS TD OCC for SRS enhancements for TDD CJT, study:
· Comparison against SRS on 1 OFDM symbol
· Comparison against SRS repeated on multiple OFDM symbols
· Study the following aspects: evaluation performance, SRS overhead, per-symbol per-port transmission power, impact of channel delay, dropping rules of collision with other uplink resource, etc.
Agreement
For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, study the options for an SRS resource set:
· Option 1: 
· Same power control process for all SRS resources of an SRS resource set where the power control process is based on one Po value and one closed loop state and jointly on more than one DL pathloss RS and/or more than one alpha
· Each transmission occasion of the SRS resource is towards multiple TRPs
· Option 2: 
· More than 1 power control processes each for a subset of SRS resource of an SRS resource set where each of the power control process is based on a different UL power control parameter set (Po, alpha, and closed loop state) associated with a different DL pathloss RS
· Different transmission occasions of the SRS resource can be towards different TRPs
Conclusion
The discussion of resource mapping for SRS transmission based on network-provided parameters or system parameters is merged into the discussions of other SRS enhancements for TDD CJT.
Conclusion
· No further discussion of increasing the maximum number of cyclic shifts for CJT SRS.
· No further discussion of partial frequency sounding extensions for CJT SRS.
Agreement
For an 8-port SRS resource in a SRS resource set ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with m OFDM symbols (m >= 1), at least support the 8 ports mapped onto each of the m OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof). 
· m takes the legacy values, i.e., 1,2,4,8,10,12,14.
Agreement
For one single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH, when the SRS resource is configured with n ports (n <= 8) and m OFDM symbols (m >= 1), at least support the n ports mapped onto each of the m OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof). 
· n can be 8
· m takes the legacy values, i.e., 1,2,4,8,10,12,14.
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