3GPP TSG RAN WG1 #111                                                      R1-2211223
Toulouse, France, November 14th – 18th, 2022

Agenda Item:     9.1.3.2
Source:	Spreadtrum Communications
Title:	Discussion on SRS enhancement targeting TDD CJT and 8 TX operation
Document for:	Discussion and decision

Introduction
[bookmark: _Ref494215420]In this contribution, we provide our views on SRS enhancement in aspects of interference randomization, capacity enhancement, 8Tx operation etc. 

SRS interference randomization
	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


Comb offset hopping and cyclic shift hopping can both realize SRS interference randomization. Now, the key issue is how to randomize the hopping pattern. One candidate can be a predefined hopping pattern. For example, a periodic comb hopping pattern {0 2 1 3} for KTC=4 can be introduced where different numbers correspond different comb positions. Another solution may be to introduce a random factor, e.g., slot-index/symbol-index/Cell-ID/UE-ID, to randomize the comb offset and/or cyclic shift value.  From our perspective, the latter one is better compared with the periodic one for its advantage on providing more randomization. Regarding the random factors, we don’t think slot index and symbol index are good choices since different cells/UEs may still generate the same SRSs interfering with each other. Slot index and symbol index cannot alleviate the interference from neighbor cells. On the contrary, C-RNTI and/or Cell-ID are preferred. Both comb offset hopping and cyclic shift hopping can be determined by C-RNTI and/or Cell-ID.
The enhanced equations for cyclic shift hopping could be:
,
where X is determined by C-RNTI and/or Cell-ID.
Similarly, the enhanced equations for comb offset hopping could be:
where X is determined by C-RNTI and/or Cell-ID.
Proposal 1: Support to use C-RNTI/Cell-ID to randomize SRS comb offset hopping and cyclic shift hopping.

SRS capacity enhancement
	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.


Currently, in the scope of Rel-18 SRS, TD-OCC is the only option left that can enhance SRS capacity. From our perspective, both SRS capacity enhancement and interference randomization are critical. Besides, 8Tx TD-OCC and general SRS TD-OCC are different.  If we limit the scope of TD-OCC only in 8Tx case, there will be no contribution for SRS capacity enhancement. Thus, we suggest to enlarge the study of SRS TD-OCC to 8Tx SRS and other cases (repetitionFactor>1).
Proposal 2: TD OCC can be supported for 8Tx SRS and SRS with repetitionFactor>1.

TRP-specific SRS versus Common SRS 
	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


For shared SRS for M-TRPs, we have two summarized options. The main difference is that option-2 uses more than 1 power control parameter sets and different transmission occasions of the SRS resource can be towards different TRPs, whereas option-1 use only 1 power control parameter set and each transmission occasion of the SRS resource is towards multiple TRPs. From our perspective, option-1 seems to be a better choice since all SRS resource in the same SRS set share same transmitting power which is consistent with legacy SRS operations. Option-2 may require different power scheme within one SRS resource which seems difficult in implementation. For option-1, we can have more than one DL pathloss RS and/or more than one alpha. We can have further discussion on how to calculate the path loss factor/alpha from these values.
Proposal 3: Support Option 1, and calculations of path loss factor/alpha based on multiple pathloss RS needs further discussion.

8Tx 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.


In last meeting, the SRS for ‘codebook’ usage can be configured with n ports per symbol, and n can be 8. Considering the fact that legacy SRS has up to 4 ports per symbol, we can also support the 4 port per symbol for 8Tx SRS. For example, port-1000/1001/1002/1003 can be on one symbol and port-1004/1005/1006/1007 can be on the adjacent symbol.
Proposal 4: For one single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH, n can be 4.
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Conclusion
In this contribution, we provide our view on SRS enhancement in Rel-18. The following proposals are achieved:
Proposal 1: Support to use C-RNTI/Cell-ID to randomize SRS comb offset hopping and cyclic shift hopping.
Proposal 2: TD OCC can be supported for 8Tx SRS and SRS with Repetitionfactor>1.
Proposal 3: Support Option 1, and calculations of path loss factor/alpha based on multiple pathloss RS needs further discussion.
Proposal 4: For one single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH, n can be 4.
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