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In RAN plenary #94e, the work item on MIMO Evolution for Downlink and Uplink was approved [1]. One of the main objectives of the work item is SRS enhancement, which is involved into two sub objectives as listed 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:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· 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.

The progress of this topic is very well. By RAN1 #114, most of the design issues are resolved. In this contribution, we discuss the remaining issue on SRS for 8 Tx. 
[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]SRS enhancement for 8 Tx UL transmission
[bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168][bookmark: _Ref525738606][bookmark: _Ref7626308][bookmark: _Ref21100018]Power control for TDMed 8 ports SRS
On power control, the following agreement was made in RAN1 #113.  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.


The above agreement looks like a very straightforward one. However, depends on UE’s PA structure, it could lead to potential issue on SRS maximum transmission power less than PUSCH max transmission power. For example, as illustrated by Fig 1, for a UE with 8 of 14dBm PAs, PUSCH max power can still reach 23dBm if all 8 ports are transmitted, e.g., with rank 8. However, SRS max power can only be 17dBm per OFDM symbol, if UE sound 8-ports SRS in 4 OFDM symbols. On the other hand, if UE is with 8 of 20dBm PAs, SRS max power can also reach 23dBm per OFDM symbol. It is obvious that the value of SRS max power depends on UE’s PA capability. To allow flexible UE implementation and avoid SRS max power bounded by the least capable PA, it is proposed to introduce a new max power for SRS, i.e.,  in power control equation, as follows. UE is allowed to set  lower than . It can be further discussed that how UE inform  to base station. UE can either include  in power headroom report, or report a difference between  and  in UE capability report. 
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[bookmark: _Ref131444400]Fig 1: An example of SRS max power being smaller than PUSCH max power.
With the above analysis, the following proposal is made. 
Proposal 1: When 8-ports SRS in an SRS resource are mapped to m>1 OFDM symbols with TDM factor s, introduce  and modify SRS power control equation as the following. 

· FFS: whether include  in power headroom report, or report a difference between  and  in UE capability report. 

Besides the above, a more general scenario we can consider for SRS power control is that the PA capabilities for different ports being difference, as illustrated in Fig 2. For this general scenario, the question we need to answer is whether allow different max SRS power on different OFDM symbol. On one hand, allowing different power across OFDM symbols could fully harvest the UE’s PA capability. On the other hand, allowing different power on different OFDM symbol could break the DL-UL reciprocity, as this power difference does not exist on DL, which would impact SRS for antenna switching. Also, allowing different power on different OFDM symbol might impact coherence between different SRS ports, which needs careful study with RAN4 input. Due to these complications, we prefer equal power across the multiple SRS OFDM symbols as a baseline. We are also open to study whether allowing different power across the multiple OFDM symbols for different SRS usages. 
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[bookmark: _Ref131446292]Fig 2: An example of difference PA capabilities on different SRS ports.
With the above analysis, the following proposal is made. 
Proposal 2: When 8-ports SRS in an SRS resource are mapped to m>1 OFDM symbols with TDM factor s, a same power is applied on the m OFDM symbols as baseline. FFS whether different power can be applied across OFDM symbols. 
Conclusions
In summary, we have the following proposals for remaining issues for SRS enhancements for Rel-18 MIMO evolution. 
Proposal 1: When 8-ports SRS in an SRS resource are mapped to m>1 OFDM symbols with TDM factor s, introduce  and modify SRS power control equation as the following. 

· FFS: whether include  in power headroom report, or report a difference between  and  in UE capability report. 

Proposal 2: When 8-ports SRS in an SRS resource are mapped to m>1 OFDM symbols with TDM factor s, a same power is applied on the m OFDM symbols as baseline. FFS whether different power can be applied across OFDM symbols. 
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