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1. Introduction
In this contribution, remaining issues on SRS enhancements for Rel-18 NR are discussed and our views are provided for SRS for CJT operation and SRS enhancements to support 8Tx uplink transmissions.
2. Discussion on SRS enhancements for Rel-18
2.1 SRS for Coherent JT
2.1.1 Reinitialization of comb offset hopping pattern
The following agreement was achieved in RAN1#112bis-e for reinitialization of comb offset/ cyclic shift hopping:
	Agreement
For SRS comb offset hopping / cyclic shift hopping, support reinitialization at the beginning of every N radio frame(s), where N ≥ 1.
· FFS: N is fixed or configurable.


The FFS part needs to be resolved to complete the feature. Based on discussion from last meeting, there were two options for reinitialization i.e., once per frame or once per N frames. The above agreement was achieved under the premise that reinitializing once per N frames may potentially be less complex for UE since calculations for initialization need to be made per N frames. However, we do not see the clear benefit of the value of N being fixed to other values than with N=1. Furthermore, if N is configurable, proponents need to further justify the advantage of this configurability and also any potential candidate values for N. 
Proposal 1: For reinitialization of SRS comb offset/cyclic shift hopping, the value of N=1 should be supported as a nominal value and any further candidate values (fixed or configurable) should be further justified. 
2.1.2 Combination of cyclic shift and comb offset hopping
The following proposal from the FL summary was discussed in the last meeting
	[bookmark: _Hlk133395274]Proposal 2.1.4A: Both cyclic shift hopping and comb offset hopping can be configured for a SRS resource at a time, depending on UE capabilities.
· FFS: one jointly designed hopping in cyclic shift + comb offset domains 
· FFS: one jointly designed hopping pattern of cyclic shift hopping + one of sequence / group hopping


Comb offset hopping is targeted towards inter-TRP/cluster interference randomization and cyclic shift hopping is targeted towards intra-TRP/cluster interference randomization. From our perspective, while there may be some advantage to jointly enabling both forms of randomization concurrently, based on the discussion from last meeting, we do not see enough gains to justify a complicated design as suggested by the FFS points. Additionally, it is not clear why the second FFS may be related to a UE capability that addresses joint cyclic shift and comb-offset hopping. Therefore, if necessary, we are open to supporting only the main bullet i.e., joint randomization but do not see the need for jointly designing the two. 
Proposal 2: Cyclic shift hopping and comb -offset hopping may be simultaneously enabled subject to UE capability
2.1.3 Subsets of cyclic shift and comb offset hopping
The following proposal was discussed at length in the last meeting:
	Proposal 2.1.5: 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.


While enabling subset of comb offsets and cyclic shifts for hopping does indeed limit the usefulness the interference randomization, it is however the case that introducing this would provide some flexibility for UE multiplexing especially for legacy UEs. Additionally, if we support both comb offset and cyclic shift hopping simultaneously as discussed in the previous section, the detrimental effect of subset configuration to interference randomization may be mitigated. 
Proposal 3: Support configuring a subset of comb offsets or cyclic shifts for hopping

2.2 SRS for 8Tx UL transmission
2.2.1 Non-TDM’ed SRS - Cyclic shift locations across the comb offsets
The following agreement was achieved in RAN1#112bis-e
	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 or comb 8, decide one of the following options:
· Option 1: the cyclic shift positions are completely aligned across the comb offsets on the same OFDM symbol.
· For comb =4, . For comb =8, . For port , .
· Option 2: the cyclic shift positions are unaligned across the comb offsets on the same OFDM symbol for comb 4, and the cyclic shift positions are aligned on only 2 of the 4 comb offsets on the same OFDM symbol for comb 8.
· For comb =4, . For comb =8, .  Example: For port , . FFS equation details.
· FFS: potential impact on PAPR, if any.


First, a down-selection of options is necessary and from our perspective, we think Option 1 is a cleaner solution since it is a direct extension of the current 4 port design for . It is unclear as to the benefits of the more complicated option 2. Additionally, we do not see why we need to study any potential PAPR impact since in our view no fundamental PAPR impact exists here for a reasonable implementation as discussed in the last meeting. 
Proposal 4: For cyclic shift locations across comb offsets for comb 4/8, support Option 1 i.e., cyclic shifts are aligned across comb offsets.
2.2.2 TDM pattern for 8-port SRS over multiple symbols
In RAN1 #111 meeting, it was agreed that for an SRS resource configured with 8-ports and multiple OFDM symbols, the 8 ports could be mapped over multiple OFDM symbols in a TDM-ed manner, i.e., different SRS ports could be mapped onto different OFDM symbols. 
In RAN1 #112 meeting, the TDM factor for 8-port SRS was agreed, which is . The 8 ports could be split into  subsets, and the number of ports in each subset is . The value of  could be 2. And  is for further discussion.
In our view, larger value of  requires more time domain resources to sound the entire 8 ports. Considering that the number of uplink symbols is always limited in TDD,  is sufficient for 8-port SRS operation.
Proposal 5: For TDM’ed SRS with 8-ports, it’s not necessary to support the value of TDM factor 4 and 8.
[bookmark: _Hlk134636091]2.2.2 Tx power for TDMed SRS with 8-ports
For TDMed SRS which is configured with 8-ports, multiple OFDM symbols are configured. For example, some OFDM symbol could be mapped with four SRS ports and some OFDM symbol could be mapped with another four SRS ports. In this way, the transmit power over each SRS port could be boosted compared with the case that eight SRS ports are mapped over one OFDM symbol.
However, according to the legacy spec, the power boosting can’t be achieved. As shown below which is copied from TS38.213, the SRS transmit power should be equally split over the configured antenna ports. For the TDMed SRS, 8-ports will be configured. Therefore, the SRS transmit power should be split over eight ports which is the same as the case that eight SRS ports are mapped over one OFDM symbol. Correspondingly, there is no power boosting gain for the TDMed SRS.

	…
[bookmark: _Toc12021449][bookmark: _Toc20311561][bookmark: _Toc26719386][bookmark: _Toc29894817][bookmark: _Toc29899116][bookmark: _Toc29899534][bookmark: _Toc29917271][bookmark: _Toc36498145][bookmark: _Toc45699171][bookmark: _Toc122000425]7.3	Sounding reference signals
For SRS, a UE splits a linear value  of the transmit power  on active UL BWP  of carrier  of serving cell  equally across the configured antenna ports for SRS. 
…


Therefore, spec change is needed to allow the power boosting operation for TDMed SRS. For example, for TDMed SRS, the transmit power could be equally split across the SRS ports over one OFDM symbol. Additionally, since using the PUSCH  may not be very efficient for channel sounding when SRS is TDMed since SRS max power may be lower than PUSCH max power. To address this issue, a scaling factor for SRS max power can be introduced i.e., .
Proposal 6: For TDMed SRS with 8-ports, the SRS transmit power should be equally split across the SRS ports over one OFDM symbol to allow power boosting. 
Proposal 7: Introduce an SRS max power scaling factor such that 
2.2.3 Collision of TDM’ed SRS ports
	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 current behavior of SRS dropping is per OFDM symbol. Therefore, any additional behavior would be an enhancement. On one hand, if we do not agree on any enhancement, it can be up to gNB whether to ignore or use the SRS transmission of the remaining SRS resources within the group. However, enabling the UE to drop transmission may be efficient and in this regard, for the cases when fully coherent codebook is used, it may be better to drop the remaining SRS resources within the group. 
Proposal 8: When 8 port SRS uses fully coherent codebook-based transmission, if SRS transmission on a subset of OFDM symbols within a group is dropped, the UE may drop the rest of the OFDM symbols within the group. 
3. Conclusion
In conclusion, we have the following proposals on SRS enhancements in Rel-18.
Proposal 1: For reinitialization of SRS comb offset/cyclic shift hopping, the value of N=1 should be supported as a nominal value and any further candidate values (fixed or configurable) should be further justified. 
Proposal 2: Cyclic shift hopping and comb -offset hopping may be simultaneously enabled subject to UE capability
Proposal 3: Support configuring a subset of comb offsets or cyclic shifts for hopping
Proposal 4: For cyclic shift locations across comb offsets for comb 4/8, support Option 1 i.e., cyclic shifts are aligned across comb offsets.
Proposal 5: For TDM’ed SRS with 8-ports, it’s not necessary to support the value of TDM factor 4 and 8.
Proposal 6: For TDMed SRS with 8-ports, the SRS transmit power should be equally split across the SRS ports over one OFDM symbol to allow power boosting. 
Proposal 7: Introduce an SRS max power scaling factor such that 
Proposal 8: When 8 port SRS uses fully coherent codebook-based transmission, if SRS transmission on a subset of OFDM symbols within a group is dropped, the UE may drop the rest of the OFDM symbols within the group. 
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