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Introduction
In the scope of Rel-18 MIMO enhancement, two aspects for SRS enhancement are included as follows [1].
	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 first topic is SRS capacity and/or interference randomization enhancement targeting TDD CJT and the other is 8 TX operation. In this contribution, we provide our view on the two topics for SRS enhancement.

Discussion
Enhancement for TDD CJT
In previous meetings, the following agreements had been made.
	Agreement
Support at least one of the following for SRS interference randomization
· Randomized code-domain resource mapping for SRS transmission by introducing cyclic shift hopping / randomization to SRS resource
· Comb offset hopping for SRS
· The comb offset is determined pseudo-randomly as a function of time (e.g., slot index, symbol index) and/or NW configured ID with a certain UE-specific initialization.
· FFS: Other details, e.g., how the comb offset value is determined by the parameters for each SRS port of a SRS resource for a SRS transmission occasion.

Agreement
For comb offset hopping for SRS and for randomized code-domain resource mapping for SRS transmission via cyclic shift hopping / randomization, further study the following:
· The hopping pattern (e.g., the pseudo-random sequence, time-domain granularity for hopping)
· The time-domain parameter and/or behavior (e.g., slot index, symbol index, re-initialization behavior)
· Network-configured ID for UE-specific initialization
· How the comb offset / cyclic shift value is determined by the parameters for each SRS port of a SRS resource for a SRS transmission occasion
· [bookmark: _GoBack]Potential issue on multiplexing with legacy UEs if CS hopping and/or comb offset hopping are enabled
· Applicability to periodic/semi-persistent/aperiodic SRS
Other details are not excluded

Agreement
For SRS TD OCC for SRS enhancements for TDD CJT, study:
· Comparison against SRS on 1 OFDM symbol
· Comparison against SRS repeated on multiple OFDM symbols
· Study the following aspects: evaluation performance, SRS overhead, per-symbol per-port transmission power, impact of channel delay, dropping rules of collision with other uplink resource, etc.

Agreement
For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, study the options for an SRS resource set:
· Option 1: 
· Same power control process for all SRS resources of an SRS resource set where the power control process is based on one Po value and one closed loop state and jointly on more than one DL pathloss RS and/or more than one alpha
· Each transmission occasion of the SRS resource is towards multiple TRPs
· Option 2: 
· More than 1 power control processes each for a subset of SRS resource of an SRS resource set where each of the power control process is based on a different UL power control parameter set (Po, alpha, and closed loop state) associated with a different DL pathloss RS
· Different transmission occasions of the SRS resource can be towards different TRPs 



In the last meeting, it was agreed to support at least one of the above two SRS interference randomization schemes, i.e., cyclic shift hopping and comb offset hopping. In CJT circumstance, since the UE transmits SRS for multiple CJT TRPs, applying different hopping pattern of the two schemes for each SRS toward different TRPs can randomize interference, but there may be a multiplexing issue with legacy UE. Since the performance benefit of the two schemes is more or less similar, we prefer not to support both. Regarding hopping pattern, for example, PUCCH cyclic shift hopping pattern can be reused for SRS cyclic shift hopping to minimize specification impact. 
Proposal #1: Support only one scheme between comb offset hopping and CS hopping.

Regarding per-TRP power control, it was agreed to study two options. For CJT, when the UE transmits SRS to multiple CJT TRPs, the signal strength of the SRS can be different for each TRP because pathloss to each TRP can be different. Therefore, it is necessary to decide how to determine SRS transmit power to resolve the above near-far problem. Considering Option 1, if the pathloss difference from UE to each TRP are relatively large, it will be difficult to determine the power control parameters for the single power control process. More importantly, the derived UL power for mTRP can be too strong for a certain TRP and can be too weak for another TRP, thus may impact TRP AGC issue for the former case and SRS detection failure in the latter case. Therefore, it is better to support per-TRP SRS transmission in different time instances to be aligned with mTRP PUCCH/PUSCH repetition specified in Rel-17, e.g., more than 1 TCI state/spatialRelationInfo can be configured for a periodic or semi-persistent SRS resource of SRS resource set for antennaSwitching, and more than 1 power control parameter set can be configured for an SRS resource set for antennaSwitching. In this case, for each transmission instance of the SRS resource set, UL beam/power control can be switched in time domain in order to sound toward up to 4 CJT TRPs.
Proposal #2: For per-TRP power control and/or power control of one or multiple SRS transmission instance(s) towards to multiple TRPs, support option 2 
· Power control of the SRS resource set is based on more than one UL power control parameter set (Po, alpha, and closed loop state) associated with a different DL pathloss RS, and UL beam/power control can be switched across multiple transmission instances of the SRS resource set

Enhancement for 8 TX operation
In the last meeting, the following agreements were made for SRS 8 Tx operation.
	Agreement
For one single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH, when the SRS resource is configured with n ports (n <= 8) and m OFDM symbols (m >= 1), at least support the n ports mapped onto each of the m OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof). 
· n can be 8
m takes the legacy values, i.e., 1,2,4,8,10,12,14.

Agreement
For an 8-port SRS resource in a SRS resource set ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with m OFDM symbols (m >= 1), at least support the 8 ports mapped onto each of the m OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof). 
· m takes the legacy values, i.e., 1,2,4,8,10,12,14.



· Codebook based UL transmission
In the last meeting, it was agreed to support an 8-port SRS resource in a SRS resource set for codebook wherein the SRS resource is configured with m OFDM symbols (m >= 1) using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof). Remaining issue is whether to support 8 ports onto different OFDM symbols with TDM or the multiple OFDM symbols with TD OCC. Because agreed mapping for 8 ports to 1 OFDM symbol already achieve SRS 8 Tx operation, we prefer not to support TDM or TD OCC. One may argue that mapping different SRS ports onto different OFDM symbols can have benefit in terms of coverage due to the power boosting gain compared to 8 ports in one OFDM symbol but the coverage gain can be achieved with SRS repetition across multiple symbols as well, e.g. 8 ports in one symbol repeated across N symbols. 
Proposal #3: Prefer not to support that different SRS ports are mapped onto different OFDM symbols for codebook.

· Antenna switching
Regarding SRS for antennaSwitching, it was agreed to one single SRS resource in a SRS resource set wherein the SRS resource is configured with n ports (n <= 8) and m OFDM symbols (m >= 1) using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof). There is same remaining issue with codebook, whether to support different SRS ports mapping for different OFDM symbols. Due to the same reason discussed above, we prefer to support 8T8R antenna switching with all 8 ports multiplexed in same symbol(s). 
Proposal #4: Prefer not to support that different SRS ports are mapped onto different OFDM symbols for antennaSwitching.

Conclusion
In this contribution, we discuss about SRS enhancement targeting TDD CJT and 8 TX operation. We provide the following proposals. 
Proposal #1: Support only one scheme between comb offset hopping and CS hopping.
Proposal #2: For per-TRP power control and/or power control of one or multiple SRS transmission instance(s) towards to multiple TRPs, support option 2 
· Power control of the SRS resource set is based on more than one UL power control parameter set (Po, alpha, and closed loop state) associated with a different DL pathloss RS, and UL beam/power control can be switched across multiple transmission instances of the SRS resource set
Proposal #3: Prefer not to support that different SRS ports are mapped onto different OFDM symbols for codebook.
Proposal #4: Prefer not to support that different SRS ports are mapped onto different OFDM symbols for antennaSwitching.
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