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1. Introduction
In this contribution, we provide our views on the enhancements of SRS in Rel-18.

2. Discussion on SRS enhancement TDD C-JT
Proposal 1: Adopt the text proposal for TS38.211 on the SRS symbol indexof comb offset hopping subset entry indexing.
	6.4.1.4.3	Mapping to physical resources
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter combOffsetHopping is not configured:

-	if the higher-layer parameter combOffsetHopping is configured:

	where  and is the th entry and the cardinality of the set 

	respectively, where  is given by the higher-layer parameter combOffsetHoppingSubset if configured, otherwise . The higher-layer parameter combOffsetHoppingSubset includes a bitmap of  bits with  bits being set to 1, where the th bit being set to 1 corresponds to .
[bookmark: _Hlk144819397]	The pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame for which , where the comb hopping identity  is contained in the higher-layer parameter combOffsetHopping.
	If the higher-layer parameter hoppingWithRepetition is configured, , otherwise .

<Unchanged text is omitted>



· Reason for change: In the current specification, the quantity  is introduced for comb offset hopping. If the higher-layer parameter hoppingWithRepetition is configured, , otherwise . However, the equation of comb offset hopping is written as  . The parameter  is not correct for  in the equation.
· Summary for change: Correct the  as .
· Consequences if not approved: The comb offset hopping depending on the OFDM symbol index of the first symbol across the R repetition is not supported when R>1.

3. SRS Enhancements on 8Tx UL SU-MIMO 
The Rel-18 WID for MIMO Evolution for Downlink and Uplink is approved [1], which includes the following objective:
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.

For the uplink transmission with 8Tx, further enhancements on SRS design is needed for UE supporting more than 4 layers. In current spec, only maximum 4 transmission layers for the PUSCH is supported. The following issues needed to be solved for SRS enhancements with different usages targeting RANK-8 of the 8Tx uplink transmission.
· SRS dropping rule for TDMed 8 port SRS:  
In RAN1#112 meeting, the following agreement has been made on SRS of 8Tx [6]:
Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM onto m ≥ 2 OFDM symbols in a slot and with TDM factor s, support the 8 ports equally partitioned into s subsets with each subset having 8/s different ports.
· At least s = 2. 
· FFS: s = 4, s = 8.
· m = 2,4,8, 10,12,14, and m is a multiple of s.
· Each of the m OFDM symbols has only one subset. Reuse the existing resource mapping designed for 8/s ports on each OFDM symbol.
· Including frequency-domain resource allocation and mapping to cyclic shifts. FFS port indexing within the subset of 8/s ports.
· FFS: down selection from existing resource mapping designs
· FFS: which subset of 8/s ports are mapped onto each OFDM symbol.
· FFS: the TDM factor s is configured as an explicit RRC parameter or determined implicitly from other parameters. 

Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM onto m ≥ 2 OFDM symbols in a slot and with TDM factor s ≥ 2, the m OFDM symbols are adjacent, and select one of the following options regarding the TDM pattern:
· Option 2-1: the s subsets of ports are mapped cyclically as {1, 2, …, s,1, 2, …, s} on the m OFDM symbols.
· Option 2-2: the s subsets of ports are mapped sequentially as {1, …, 1, 2, …, 2, s, …, s} on the m OFDM symbols.


In RAN1#112bis meeting, the following agreement has been made on SRS of 8Tx [7]:
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.



For an 8-port SRS resource in a SRS resource set mapped onto m ≥ 2 OFDM symbols in a slot and with TDM factor s >=2, the m OFDM symbols are adjacent, and select one of the following options regarding the TDM pattern, support cyclical mapping pattern of option 2-1 that the s subsets of ports are mapped cyclically as {1, 2, …, s, 1, 2, …, s} on the m OFDM symbols.
If any collision happens to the SRS resource with any other UL channels, legacy dropping rule on the collided symbols would be preferred as a collision rule which can still reserve the remaining ports in a subset for more chances of detection. Additionally, the cyclic mapping of the subsets ensures a higher chance to reserve all the ports when collision occurs. 

In RAN1#114bis meeting, the following conclusion has been drawn on SRS of 8Tx [10]:
Conclusion
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ / ‘antennaSwitching’ 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 UE still transmits the SRS on the rest of OFDM symbols within the group of {1, 2, …, s}. 
· Above does not imply that UE can or cannot maintain phase coherence from partially dropped SRS resource to the next PUSCH transmission.
· (Agreement) Prepare a LS to inform RAN4 and ask if the UE can or cannot maintain phase coherence.
· Comeback on Friday.
No additional RAN1 spec change will be introduced to support this feature.
[bookmark: _Hlk148367299]Decision: The draft LS is endorsed. Final version is approved in R1-2310645.



It has been decided that legacy dropping rule applies also to TDMed 8 port SRS. 
A LS [11] has been sent to RAN4 to seek for RAN4 understanding on the coherence maintenance between PUSCH and TDMed SRS transmission when partial dropping occurs. The list of questions are raised in the LS as below.

In summary, RAN1 has the following questions to RAN4. 
Question 1: For a coherent 8Tx PUSCH transmission, can a UE meet the relative phase and power error requirements (defined in RAN 4 specifications) among the 8 SRS ports between the last SRS transmission and the PUSCH transmission over the defined time window, when the SRS is configured with or without TDM and no SRS symbol is dropped? 
Question 2: For a coherent 8Tx PUSCH transmission, can a UE meet the relative phase and power error requirements (defined in RAN 4 specifications) among the 8 SRS ports between the last SRS transmission and the PUSCH transmission over the defined time window, when the SRS is configured with TDM and part of the SRS symbols is dropped, for example as shown in Figure 1 and Figure 2?
Question 3: What are the conditions a UE has to satisfy to meet the relative phase and power error requirements among the 8 SRS ports between the last SRS transmission and the PUSCH transmission over the defined time window, in the scenario as described in questions 1 and 2?
Question 4: For the scenarios as described in question 2, if a UE cannot meet the relative phase and power error requirements among the 8 SRS ports, can UE meet the relative phase and power error requirements among a subset of SRS ports, such as among {1000, 1001, 1004, 1005} or among {1002, 1003, 1006, 1007}?



In this coming meeting, we are open to discuss this further based on RAN4’s reply. 

Proposal 2:  Open to discuss further on the coherency issue of TDMed SRS dropping based on RAN4’s reply.

· SRS for non-codebook
In RAN1 previous meetings, the following agreements have been made on SRS for NCB [2][3]:
Agreement
For SRS configuration for non-codebook UL transmission for an 8TX UE, down-select from
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
· Alt2: Up to two SRS resource sets, each configured with up to 4 single-port SRS resources
· Alt3: Support both alternatives. 

Agreement
For SRS configuration required for non-codebook-based UL transmission by an 8TX UE, Alt1 is supported, that is
1. Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
1. FFS: Configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively.


To support the non-codebook based PUSCH transmission of up to RANK 8, the supported maximum number of SRS resources within a SRS resource set with usage of “non-codebook” need to be extended to 8. The spec effort to define new SRI tables would be needed according to the legacy indication method.
Also another approach is that 8 single-port SRS resources can be configured into multiple SRS resource sets. If different SRI indication fields may be used, one of the advantages is that legacy SRI tables can be reused for each SRI indication field which alleviate spec effort.
Proposal 3: For better scheduling flexibility, support configuration of up to 2 or 4 SRS resource sets, each configured with up to 4 or 2 single-port SRS resources for non-codebook based PUSCH transmission.

4. Conclusion
In this contribution, we provide our views of the enhancements on SRS design, our proposals are as follows:
SRS enhancements on TDD C-JT:
Proposal 1: Adopt the text proposal for TS38.211 on the SRS symbol indexof comb offset hopping subset entry indexing.
	6.4.1.4.3	Mapping to physical resources
<Unchanged text is omitted>
The quantity  is given by
-	if the higher-layer parameter combOffsetHopping is not configured:

-	if the higher-layer parameter combOffsetHopping is configured:

	where  and is the th entry and the cardinality of the set 

	respectively, where  is given by the higher-layer parameter combOffsetHoppingSubset if configured, otherwise . The higher-layer parameter combOffsetHoppingSubset includes a bitmap of  bits with  bits being set to 1, where the th bit being set to 1 corresponds to .
	The pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame for which , where the comb hopping identity  is contained in the higher-layer parameter combOffsetHopping.
	If the higher-layer parameter hoppingWithRepetition is configured, , otherwise .

<Unchanged text is omitted>



SRS enhancements on 8Tx UL:
Proposal 2:  Open to discuss further on the coherency issue of TDMed SRS dropping based on RAN4’s reply.
Proposal 3: For better scheduling flexibility, support configuration of up to 2 or 4 SRS resource sets, each configured with up to 4 or 2 single-port SRS resources for non-codebook based PUSCH transmission.
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