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1. Introduction
[bookmark: _Hlk101465064]In RAN#94e, the Rel-18 WID for NR MIMO evolution for downlink and uplink was approved [1], in which the potential enhancement is for SRS enhancement for TDD coherent JT (CJT) scenario and 8 TX operation as shown below:
	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:
· [bookmark: _Hlk110955023][bookmark: _Hlk101708569]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.


In this contribution, we will discuss SRS enhancement for enabling 8 TX UL transmission and TDD coherent JT (CJT) scenario.
2. SRS enhancement for enabling 8 Tx UL transmission 
In RAN1#113 meeting, it has been concluded that no consensus to support TDM factor s = 4. For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and with TDM factor s=2, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2}, …, {1, 2}} (totally m/2 groups of {1, 2}), and when the SRS transmission on one of OFDM symbol within a group of {1, 2} is dropped, if the UE drops the SRS transmission on one or all OFDM symbols within the group of {1, 2} based on the usage, coherency, and repetition configuration: 
· When SRS repetition transmission is configured: since different repetitions may have phase consistence, to consider the combination of different repetitions, the UE only drops the OFDM symbol(s) that have collision with other UL transmission within the group of {1, 2}.
· When SRS repetition transmission is not configured: If the usage of the 8-port SRS is “codebook” and the codebook is full-coherent, the UE drops the SRS transmission on all of the OFDM symbols within the group of {1, 2}. If the usage of the 8-port SRS is “codebook” and the codebook is partial-coherent or non-coherent, the UE only drops the OFDM symbol(s) that have collision with other UL transmission within the group of {1, 2}. If the usage of the 8-port SRS is “antennaSwitching”, the UE only drops the OFDM symbol(s) that have collision with other UL transmission within the group of {1, 2}.
Based on the above analysis, it can be seen that whether or not a UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2} is based on the usage, coherency, and repetition configuration. However, from network’s perspective, gNB may configure the overlapped SRS resources for SRS for codebook and SRS for antenna switching to reduce the SRS overhead, so it is beneficial to have a unified design for all usage, coherency, and repetition configuration, that legacy per-OFDM symbol-based dropping rules are kept for TDMed 8-port SRS.
Proposal 1: Legacy per-OFDM symbol-based dropping rules are kept for TDMed 8-port SRS.
Furthermore, as shown in Figure 1, if legacy per-OFDM symbol-based dropping rules are kept for TDMed 8-port SRS, when collision is happened on the symbol for SRS ports 2/3/6/7 transmission in slot 2, UE only drops the OFDM symbol for SRS ports 2/3/6/7 transmission in slot 2, and keeps SRS ports 0/1/4/5 as normal transmission in slot 2. Then, gNB may combine the SRS ports 0/1/4/5 in slot 2 together with SRS ports 2/3/6/7 in slot 0 for channel estimation. However, if there is TCI state update for SRS-1 or Tx power update for SRS-1 between slot 0 and slot 2, SRS ports 0/1/4/5 in slot 2 and SRS ports 2/3/6/7 in slot 0 cannot be combined for channel estimation. In this case, gNB may use the SRS-1 in slot 0 for channel estimation, and UE may use the transmission beam of SRS-1 in slot 0 for PUSCH transmission in slot 3+K. In other words, when legacy per-OFDM symbol-based dropping rules are kept for TDMed 8-port SRS, the indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource should be combined with 8 ports SRS with same TCI state and same transmission power.
[image: ]
Figure 1. SRS combination together with TCI state or Tx power update
Proposal 2: When legacy per-OFDM symbol-based dropping rules are kept for TDMed 8-port SRS, the indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource should be combined with 8 ports SRS with same TCI state and same transmission power.

In RAN1#112 meeting, different SRS ports mapped onto 2 adjacent OFDM symbols has been supported. In RAN1#113 meeting, it has been concluded that no consensus to support TDM factor s = 4. On AI 9.1.4.2, it has been agreed that when Ng=2, two coherent groups of {0,1,4,5} and {2,3,6,7} are assumed, when Ng=4, four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} are assumed. For an 8-port SRS resource in an 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, transmitting SRS ports with coherent antenna in same symbol will be benefit for SRS dropping rule design to ensure that per-symbol dropping is conducted on the coherent ports. So, the first subset includes ports {1000,1001,1004,1005}, and the second subset includes {1002, 1003, 1006, 1007}.
Proposal 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 = 2, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot the port, the first subset includes ports {1000,1001,1004,1005}, and the second subset has {1002, 1003, 1006, 1007}.

8 TX UE may also support CJT transmission now or in the future, the cyclic shift hopping and comb offset hopping for 2/4-port SRS can be extended to 8-port SRS, where the time-domain behavior of cyclic shift hopping depends on the OFDM symbol index l’ of each symbol, and the time-domain behavior of comb offset hopping depends on the OFDM symbol index l’ of the first of the m OFDM symbol.
Proposal 4: For an 8-port SRS resource, the time-domain behavior of cyclic shift hopping depends on the OFDM symbol index l’ of each symbol, and the time-domain behavior of comb offset hopping depends on the OFDM symbol index l’ of the first of the m OFDM symbol.

Currently, UE may be configured SRS for antenna switching depending on the indicated UE capability supportedSRS-TxPortSwitch. For 8T8R UE, 8 ports SRS resource can be configured in SRS resource set for antenna switching. Besides, whether downgrading configuration of SRS for antenna switching will be considered for 8T8R UE can be studied. For example, whether the SRS configurations for 4T8R or 4T4R can be also configured for 8T8R UE to reduce the potential high overhead of SRS resources and facilitate high UE power efficiency.
Proposal 5: Downgrading configuration of SRS for antenna switching can be considered for 8T8R UE.
3. SRS enhancement for TDD coherent JT (CJT)
3.1. Cyclic shift hopping and comb offset hopping
In RAN1#112, #112bis, #113 meeting [5] [6] [7], we have the following agreements on the enhancement for CJT SRS interference randomization:
	Agreement @RAN1#112
For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port, the hopping pattern is determined based on the pseudo-random sequence c(i), initialized with one of the following IDs.
· Option 1: Reuse the SRS sequence identity .
· Option 2: Introduce new ID(s).
· FFS: the value range, one new ID or two separate new IDs, default ID(s)


Agreement @RAN1#112bis-e
For SRS comb offset hopping and/or cyclic shift hopping, for a SRS resource, the hopping pattern initialization ID determined by , where  is a new ID for cyclic shift hopping and/or comb offset hopping.
· The range of the new ID is from 0 to 1023

Agreement @RAN1#112bis-e
For a SRS resource configured with comb offset hopping and/or cyclic shift hopping, 
· If the repetition factor R = 1, within a slot, the time-domain hopping behavior depends on the OFDM symbol index  of each symbol.
· If the repetition factor R > 1, 
· For cyclic shift hopping, within a slot, the time-domain hopping behavior depends on the OFDM symbol index  of each symbol.
· For comb offset hopping, within a slot, the time-domain hopping behavior depends on one of the following alternatives:
· Alt1: The OFDM symbol index  of the first symbol across the R repetitions.
· Alt2: The OFDM symbol index  of each symbol.
· Alt3: The OFDM symbol index  of each symbol or the first symbol across the R repetitions based on configuration, and FFS configuration details.

Agreement @RAN1#112bis-e
For a SRS resource configured with comb offset hopping, if the repetition factor R > 1, within a slot, the time-domain hopping behavior depends on the OFDM symbol index l' of each symbol or the first symbol across the R repetitions based on RRC configuration, and FFS configuration details.
· UE can indicate whether it supports one or both the options. Details to be discussed in UE feature.

Agreement @RAN1#113
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 @RAN1#113
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.



Now we have some detailed agreements on the CS hooping and Comb offset hopping separately, the detailed hopping functions for the two hopping patterns could be discussed in this meeting. A straightforward design is to follow the hopping functions of group hopping. 
In this way, when the hopping subset is not configured, for SRS with comb offset hopping,  can be modified in the following formula:

where 

and c(i) is a pseudo-random sequence initialized by the new ID  and the range of the new ID is from 0 to 1023.

For SRS with cyclic shift hopping, the cyclic shift  can be modified in the following formula, when the hopping subset is not configured:

where

and c(i) is a pseudo-random sequence initialized by the new ID  and the range of the new ID is from 0 to 1023.
As for the value of M, it should satisfy the following restrictions:


Proposal 6: For SRS interference randomization with comb offset hopping, when the subset is not configured,  could be:

where 


Proposal 7: For SRS interference randomization with cyclic shift hopping, when the subset is not configured,  could be:

where


3.2. Subset for hopping
In RAN1#113 meeting [7], we have the following agreement on the subset restriction for cyclic shift hopping:
	Agreement @RAN1#113
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.



Based the consideration that there might be some legacy UEs without comb offset hooping or cyclic shift hopping, for Rel-18 UEs better multiplexing with legacy UEs, it was agreed to configure a subset of comb offsets or cyclic shifts for Rel-18 SRSs specifically, and the other part of comb offsets or cyclic shifts could be used for legacy UEs.
[bookmark: _Hlk142555154]However, to make sure the cyclic shift and comb offset (if needed) occupied by each port for one SRS resources of legacy UEs is still uniformly distributed, and the gap of cyclic shifts and comb offsets of multiple ports is large enough to overcome the effect of large delay or large frequency selectiveness, it is better that the cyclic shifts and the comb offsets with the subset is uniformly distributed as much as possible accordingly. For example, for , the supported cyclic shifts could be  within the subset of cyclic shifts, and  could be used for legacy UEs. For Comb =4 and comb offset hooping is configured, the supported comb offsets could be  and  could be used for legacy UEs.
Proposal 8: When a subset of comb offsets is configured, the comb offsets with the subset is uniformly distributed as much as possible.
Proposal 9: When a subset of cyclic shifts is configured, the cyclic shifts with the subset is uniformly distributed as much as possible.

As for the details of subset configuration, in last meeting [8], there was one proposal:
	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.



Based on the analysis in Section 3.1, Option 1 with a new RRC parameter introduced for subset configuration is more clean solution comparing with Option 2. Anyway, the subset is used to restrict the behavior of hooping, while the legacy parameters cyclicShift and combOffset is used to control the initial cyclic shift and comb location, we are not sure how Option 2 works.
For Option 3, it is a simple solution and can make sure the orthogonality between ports in one resource can be maintained as much as possible when subset is configured, but it is a little restricted given that the ratio between legacy UE and Rel-18 UE may be variable and not always 50% vs 50%.
Proposal 10: 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, Option 1 could be supported:
· Option 1: The subset is configured using a new RRC parameter which includes one or more integer values for hopping offsets.

4. Conclusion
Based on the above discussions, the proposals are as follows:
SRS-8T
Proposal 1: Legacy per-OFDM symbol-based dropping rules are kept for TDMed 8-port SRS.
Proposal 2: When legacy per-OFDM symbol-based dropping rules are kept for TDMed 8-port SRS, the indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource should be combined with 8 ports SRS with same TCI state and same transmission power.
Proposal 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 = 2, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot the port, the first subset includes ports {1000,1001,1004,1005}, and the second subset has {1002, 1003, 1006, 1007}.
Proposal 4: For an 8-port SRS resource, the time-domain behavior of cyclic shift hopping depends on the OFDM symbol index l’ of each symbol, and the time-domain behavior of comb offset hopping depends on the OFDM symbol index l’ of the first of the m OFDM symbol.
Proposal 5: Downgrading configuration of SRS for antenna switching can be considered for 8T8R UE.

SRS-CJT
Proposal 6: For SRS interference randomization with comb offset hopping, when the subset is not configured,  could be:

where 


Proposal 7: For SRS interference randomization with cyclic shift hopping, when the subset is not configured,  could be:

where

Proposal 8: When a subset of comb offsets is configured, the comb offsets with the subset is uniformly distributed as much as possible.
Proposal 9: When a subset of cyclic shifts is configured, the cyclic shifts with the subset is uniformly distributed as much as possible.
Proposal 10: 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, Option 1 could be supported:
· Option 1: The subset is configured using a new RRC parameter which includes one or more integer values for hopping offsets.
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