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[bookmark: _Ref129681832][bookmark: _Hlk134024791]In RAN1#114 meeting, the Rel-18 MIMO evolution for downlink and uplink [1] was discussed. The following was agreed [2] on the topic of SRS enhancement targeting TDD CJT and 8 TX operation:
	Agreement
When finer time-delay-domain granularity for SRS cyclic shift hopping is configured, K is 2
· FFS (to be decided this week) Support of K=4

Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM with TDM factor s = 2, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot the port, down select from the following options:
· Option 1: The first subset includes ports {1000, 1001, 1004, 1005}, and the second subset includes {1002, 1003, 1006, 1007}.

Agreement
For the SRS hopping formula in cyclic shift hopping or comb offset hopping except for SRS configured with TDM, let  and :
· For cyclic shift hopping: , where , and
· , 
· If cyclicShiftHoppingSubset is not configured, .  
· If cyclicShiftHoppingFinerGranularity is not configured,  and .
· If cyclicShiftHoppingFinerGranularity is configured, , and 
· If cyclicShiftHoppingSubset is configured,  denotes the th element of the configured subset,  is the number of elements in the subset, and .
· For comb offset hopping: , where , and
· , 
·  if  or UE is provided with combOffsetHoppingWithRepetition=Per-symbol; otherwise,  is the OFDM symbol index of the first symbol across the R repetitions within the slot.
· If combOffsetHoppingSubset is not configured, , and .
· If combOffsetHoppingSubset is configured,  denotes the th element of the configured subset, and  is the number of elements in the subset.

Conclusion
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM with TDM factor s and repetition factor R, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when cyclic shift hopping is configured for the SRS resource, 
· Option A4: Do not support cyclic shift hopping for 8-port SRS with TDM.

Conclusion
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM with TDM factor s and repetition factor R, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when comb offset hopping is configured for the SRS resource, 
· Option B5: Do not support comb offset hopping for 8-port SRS with TDM.

Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM with TDM factor s, when sequence/group hopping is configured for the SRS resource, the time-domain behavior of hopping depends only on the OFDM symbol index l’ of each symbol.

Conclusion
When finer time-delay-domain granularity for SRS cyclic shift hopping is configured, K = 4 is not supported.

Agreement
When a subset of comb offsets for comb offset hopping is configured, and when a subset of cyclic shifts for cyclic shift hopping is configured, support the following option for configuring the subset S={S(0), S(1), …, S(z-1)} with , where  for comb offset hopping and  for cyclic shift hopping, and:
· Option 1b: S(0), S(1), …, S(z-1) are configured via a Z-length bitmap with S(i-1) being the i-th bit set as 1.



In this contribution, we present our views on SRS enhancement targeting TDD CJT and 8 TX operation, and proposals for moving forward.
Collision handling for TDMed ports
The dropping rule for the collision of TDMed SRS ports with other UL signals needs to be enhanced for 8 Tx UL operation. The following agreement on SRS dropping has been achieved in RAN1#112bis-e meeting:
	Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and with TDM factor s > 1, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when the SRS transmission on a subset of the s OFDM symbols within a group of {1, 2, …, s} is dropped, study at least the following solutions:
· Whether or not a UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}, based on, for example, the usage, coherency, and/or repetition configuration.
· Whether or not a UE changes the transmission order of the subsets of ports.



The collision handing for TDMed ports was further discussed in RAN1#114 meeting but with no consensus. There are the following proposals left to be discussed/decided:
	Proposal 3.3A: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully[/partially] coherent and a coherent port group spanning s OFDM symbols, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when the SRS transmission on a subset of the s OFDM symbols within a group of {1, 2, …, s} is dropped, the UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}.
Proposal 3.3B: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully[/partially] coherent, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when the SRS transmission on the first of the s OFDM symbols within a group of {1, 2, …, s} is dropped, the UE drops the SRS transmission on the second OFDM symbols within the group of {1, 2, …, s}.
· FFS: UE is not expected to be scheduled with a transmission that will cause only the second OFDM symbol within a group of {1,2,…,s} to be dropped.
Proposal 3.3C: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully[/partially] coherent, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when the SRS transmission on one of the s OFDM symbols within a group of {1, 2, …, s} is dropped[, the associated PUSCH transmission (i.e., the SRS resource is identified by the SRI of the PUSCH), if any, does not assume “codebookSubset =
fullyAndPartialAndNonCoherent”].
Proposal 3.3D: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully[/partially] coherent, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when the SRS transmission on a subset of the s OFDM symbols within a group of {1, 2, …, s} is dropped, the SRS cancellation timeline reuses the timeline defined for dynamic PDSCH canceling CG-PUSCH for a UE does not indicate the capability of partialCancellation, as in TS38.213 section 11.1.
(Proposal 3.3D is based on Qualcomm’s suggestion. My rough understanding is that, UE does not expect gNB to cancel a SRS transmission on OFDM symbol t in the time interval [t-x, t]. In other words, the SRS transmission on OFDM symbol t may only be canceled at least x symbols earlier.)



Our view is that Proposal 3.3A should be supported among the four proposals 3.3A~3.3D. The reason for the UE dropping the SRS transmission on all OFDM symbols within one group of {1, 2, …, s} for handling collision is that partial dropping may result in inconsistent channel estimation (e.g. unguaranteed phase continuity) across antenna ports belonging to one coherent group for coherent transmission, which may affect the CSI estimation performance at the gNB. However, the downside of the full dropping rule is that this may lead to delay and resource waste. 
As discussed in the last meeting, there could be timeline/causality issue. It is suggested that for the SRS full dropping, we may follow the timeline defined in TS 38.213 section 11.1 for dynamic PDSCH cancel CG PUSCH, SPS A/N, and P-SRS, and the details need further study.  
If time is limited, we can also live with the legacy per-OFDM symbol dropping rules for TDMed 8-ports SRS since the legacy rules can also work in this case when the non-dropped symbols may also be successfully sounded (especially for antenna switching and noncoherent transmission scenarios where partial CSI is still useful), and no additional spec effect is needed. Furthermore, it is left for implementation for the case where a fully-coherent UE sounds on only 4 ports. 
Based on the above analysis, we propose the following:
Proposal 1: For collision handling for TDMed 8-ports SRS, support Proposal 3.3A
· Proposal 3.3A: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully[/partially] coherent and a coherent port group spanning s OFDM symbols, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when the SRS transmission on a subset of the s OFDM symbols within a group of {1, 2, …, s} is dropped, the UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}.
Meanwhile, can also live with the legacy per-OFDM symbol dropping rules for TDMed 8-ports SRS.
Conclusions
In this contribution, we present our views on SRS enhancement targeting TDD CJT and 8 TX operation. Based on the discussions in the previous section we propose the following: 
Proposal 1: For collision handling for TDMed 8-ports SRS, support Proposal 3.3A
· Proposal 3.3A: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully[/partially] coherent and a coherent port group spanning s OFDM symbols, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when the SRS transmission on a subset of the s OFDM symbols within a group of {1, 2, …, s} is dropped, the UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}.
Meanwhile, can also live with the legacy per-OFDM symbol dropping rules for TDMed 8-ports SRS.
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