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1	Introduction
In RAN1 #113 meeting, we have agreed following agreements on SRS enhancement [1]. 
	Agreement
For SRS comb offset hopping / cyclic shift hopping reinitialization periodicity of N radio frame(s):
· N = 128

Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and with TDM factor s > 1, the UE splits a linear value  of SRS transmission power equally across the SRS ports configured on each OFDM symbol, if the UE is capable of transmitting at  per OFDM symbol with 8/s ports, where  is specified in the current specifications.
· Note: This may be captured in the specification in a few different but equivalent ways, and it is up to the editor to decide.

Conclusion
There is no consensus on the support of the following feature in RAN1:
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM, support TDM factor s = 4.

Agreement
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), and when the resource is assigned with comb 4 on 2 comb offsets (=4, ) or comb 8 on 4 comb offsets (=8, ), the cyclic shift positions are completely aligned across the comb offsets on the same OFDM symbol.
· For port , .

Agreement
Support configuring a subset of comb offsets when comb offset hopping is configured, and configuring a subset of cyclic shifts when cyclic shift hopping is configured.
· The subset configuration applies to all the port(s) in the SRS resource, and all the port(s) in the SRS resource has (have) the same hopping offset value  on an OFDM symbol.
· This is a UE-optional feature.

Agreement
For SRS cyclic shift hopping, support finer time-delay-domain granularity, e.g., , where  can be randomly chosen from  at each SRS transmission.
· Note: The finer granularity above only applies to the cyclic shift offsets when cyclic shift hopping is enabled.
If a subset for cyclic shifts is configured, this feature cannot be configured.
Above is a UE optional feature.

Agreement
SRS comb offset hopping / cyclic shift hopping can be configured for aperiodic SRS.


Agreement
Whether SRS cyclic shift hopping can be combined with one of group / sequence hopping on a SRS resource depends on UE feature/capability design.

Agreement
SRS comb offset hopping and cyclic shift hopping can be configured for a SRS resource at the same time as a separate UE capability. No joint hopping scheme is supported.




In this contribution, UL SRS enhancements for 8 TX antenna ports and UL SRS enhancements for TDD based CJT operation are addressed for Rel-18 MIMO evolution for Downlink and Uplink. 
2	SRS Enhancement for 8 Tx Antenna Ports
2.1	Collision handling for UL SRS with TDM:ed APs

	Agreement  (RAN1#112bis-e)
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.





Figure 1 shows an example of PUCCH (or any other higher priority channel/signal/reference signal) partial overlap with UL SRS resource set with  usage ‘codebook’ where single  resource is associated with TDM antenna ports and repetition. UE is configured with single UL SRS resource with 8 TDM:ed antenna ports with TDM factor =2 over two different sub-groups and with repetition (i.e. repetitionFactor = n4), the UE shall assume that the total number of UL SRS antenna ports per resource are equally distributed across consecutive OFDM symbols. Based on the UE capability reporting  PUSCH codebookSubset  has been configured  as ‘fullyAndPartialandNonCoherent’.  It is assumed that  TDM:ed SRS APs over two sub-groups ports are coherent with each others. Here, PUCCH transmission  partially overlaps with periodic/semi-persistent UL SRS transmission with TDM:ed antenna ports. As shown, partial overlap occurs on the 2nd symbol of the full-set of sub-groups associated with TDM factor. As a result of this, the UE shall drop UL SRS transmission with the first set of TDM:ed antenna ports with repetition associated with overlapping sub-groups/OFDM symbols  and priorize PUCCH resource transmission. Since the total number of remaining non-overapping sub-groups/OFDM symbols of single SRS resources transmission is larger or equal to TDM factor with at least one full set of  different TDM:ed antenna ports, UE shall not drop transmission of rest of  TDM:ed antenna ports associated with repetition which are not overlapping with PUCCH. 

In other words, when PUSCH is configured with  codebookSubset ‘fullyAndPartialNonCoherent’ and UL SRS resource set with usage ‘codebook’ single periodic/semi-persistence resource with TDM:ed 8-APs with or without  repetition, the UE shall drop transmission of UL SRS with a full set of  TDM:ed antenna port sub-groups  if  any of sub-groups is  partially overlapping with PUCCH(or any other higher priority channel/signal/reference signal). More specifically , the UE shall only drop full set of TDM:ed  APs  if  any of sub-groups is  partially overlapping with PUCCH and  continue transmission full set of TDM:ed APs with non-overlapping symbols independent whether UL SRS is configured  with  repetition or not.  
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Figure  An example of  dropping rule for   UL SRS w/ TDM:ed APs  and repetition with partially overlapping PUCCH.

   
Proposal 1: Support the following dropping rule when PUSCH codebookSubset ‘fullyAndPartialNonCoherent’ and UL SRS set w/ usage ‘codebook’ w/ TDM:ed 8-AP and with partially overlapping PUCCH:
·    UE shall only drop full set of TDM:ed  APs  if  any of sub-groups is  partially overlapping with PUCCH and  continue with transmission full set of TDM:ed APs with non-overlapping symbols independent whether  UL SRS is  configured with  repetition or not.  

3	UL SRS Enhancements for TDD CJT
To enable collision avoidance between legacy UE and Rel-18 UE with UL SRS with comb-offset and cyclic shift hopping, specification should enable to configure subsets for both comb offset for comb offset and cyclic shift hopping. By enabling specification support for subset configuration, Rel-18 UE can be configured with a limited set of comb offsets or cyclic shifts allowing legacy UE operation also on same PRBs.  In previous meeting FL summary, the  following three options remained open and under discussion:  

	Proposal 2.2-4: 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, down select from the following options:
· Option 1: The subset is configured using a new RRC parameter which includes one or more integer values for hopping offsets.
· Option 2: The subset is explicitly configured by legacy parameters cyclicShift and combOffset for cyclic shift hopping and comb offset hopping, respectively.
· Option 3: The number of subsets is fixed as 2, and a subset is defined as half of all possible hop locations.




From our perspective, the cleanest way would be to provide specification support for subset configurations is to define a new RRC parameter which would define one or more integer offsets. 

Proposal 2: Support Option 1: The subset is configured using a new RRC parameter which includes one or more integer values for hopping offsets.

During RAN1 #113 meeting, we had discussed about applying the cyclic shift hopping and/or comb offset hopping with TDMed SRS resource and following proposal was discussed.

	Proposal 3.2.1-3: 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 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, down select from the following options:
· Option 1: The time-domain behavior of cyclic shift hopping and/or comb offset hopping depends on the OFDM symbol index l’ of each symbol.
· Option 2: The time-domain behavior of cyclic shift hopping and/or comb offset hopping depends on the OFDM symbol index l’ of the first of the m OFDM symbol (or the first of the s OFDM symbol).
· Option 3: Do not support cyclic shift hopping or comb offset hopping for 8-port SRS.




We think TDMed SRS resource is not likely to be used for the use case where CS hopping and comb-offset hopping is supported. So, we slightly prefer option 3. 

 Proposal 3: Support Option 3: CS hopping or Comb-offset hopping is not supported for SRS resource with TDM factor s>1.

 
4	Conclusions 
Hereafter is a summary of proposals and observations for SRS enhancement 
8TX UL support 
Proposal 1: Support the following dropping rule when PUSCH codebookSubset ‘fullyAndPartialNonCoherent’ and UL SRS set w/ usage ‘codebook’ w/ TDM:ed 8-AP and with partially overlapping PUCCH:
·    UE shall only drop full set of TDM:ed  APs  if  any of sub-groups is  partially overlapping with PUCCH and  continue with transmission full set of TDM:ed APs with non-overlapping symbols independent whether  UL SRS is  configured with  repetition or not.  

Enhancements for TDD  CJT 
Proposal 2: Support Option 1: The subset is configured using a new RRC parameter which includes one or more integer values for hopping offsets.

Proposal 3: Support Option 3: CS hopping or Comb-offset hopping is not supported for SRS resource with TDM factor s>1.
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