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Introduction
[bookmark: _Ref494215420]In this contribution, we provide our views on SRS enhancement in aspects of interference randomization, capacity enhancement, 8Tx operation etc. Diverse candidate solutions have been proposed in RAN1 #109e, as agreed below.
	Agreement 
Study the following for SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS interference randomization and/or capacity enhancement
· Randomized frequency-domain resource mapping for SRS transmission
· E.g., further enhancements to frequency hopping, comb hopping
· Randomized code-domain resource mapping for SRS transmission
· E.g., cyclic shift hopping/randomization, sequence hopping/randomization, per-hop sequence from a long SRS sequence
· Randomized transmission of SRS
· E.g., pseudo-random muting of SRS transmission for periodic and semi-persistent SRS
· Per-TRP power control and/or power control of one SRS towards to multiple TRPs
· SRS TD OCC
· Increasing the maximum number of cyclic shifts 
· E.g., multiplying mask sequence to the legacy SRS sequence to effectively increase the maximum cyclic shifts
· Precoded SRS for DL CSI acquisition
· Enhanced signaling for flexible SRS transmission
· E.g., dynamic update of SRS parameters
· Partial frequency sounding extensions
· E.g., larger partial frequency sounding factor, starting RB location hopping enhancements, partial frequency hopping on other bandwidths corresponding to , besides the last bandwidth 
· Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment
· E.g., configuration of  (sequence index within a group) per SRS resource
· E.g., configuration of cyclic shift per SRS port per SRS resource.
· Resource mapping for SRS transmission based on network-provided parameters or system parameters
· E.g., SRS resource mapping based on network-provided parameters (e.g., configurable indexes) or system parameters (e.g., slot index)
[bookmark: _GoBack]Note: PAPR performance and maintaining DFT waveform property should be considered when deciding the enhancement for Rel-18.


TRP-specific SRS versus Common SRS 
The CSI of TDD downlink mainly relies on channel reciprocity from estimation on SRS reception. For Rel-18 TDD CJT operation, UE may be simultaneously served by up to 4 TRPs doubling the supported TRP# in Rel-17. If we use the common SRS design meaning one SRS resource (set) can be shared among multiple TRPs, the power control of such SRS can be extremely difficult considering different location of TRPs and different channel features. Thus, it is natural to introduce TRP-specific SRS resource/set. Besides, considering the overhead issue, we more prefer to realize TRP-specific SRS in a resource level instead of set level as shown in Fig.1. 


Figure.1 Structure of TRP-specific SRS
Proposal 1: Support to introduce TRP-specific SRS in Rel-18.
SRS interference randomization
CJT requires high accuracy of channel estimation, and even a slight nuance may trigger remarkable performance degradation. Thus, how to minimize the inter-SRS interference may become a bottleneck for CJT implementation.
Currently, SRS can be configured with hopping or not. For non-hopping SRS, the frequency location is relatively fixed and may suffer sever inter-SRS interference from other cells. Though hopping SRS can alleviate this issue in some degree, the interference could still be a critical problem for CJT implementation. For hopping SRSs with same high layer configurations, their patterns are exactly same and frequent mutual interference can be expected. Thus, we want to optimize SRS hopping procedure in Rel-18 by introducing some randomization factors. For example, C-RNTI and Cell-ID can be considered as a starting point for hopping pattern enhancement. As shown in Fig.2, even if the two users have same SRS configuration, but according to their unique randomization factor(s), the actual SRS patterns could be totally different.


Figure.2 Randomized SRS hopping pattern 
Besides, as part of SRS hopping procedure the partial sounding may also suffer serious inter-SRS interference. We should also consider appropriate randomization technique for partial sounding procedure.
Proposal 2: Support to use C-RNTI or Cell-ID to randomize SRS hopping pattern.
In current specification, the cyclic shift used for a specific antenna port is fixed in a given configuration as shown below. If there is another UE in another cell has the same SRS configuration, they shall interfere heavily with each other. 
	,


Similar issue also exists for the comb position, as shown below, the comb position of SRS is also fixed in a given configuration. Thus, inter-SRS interference may occur consistently.
	The frequency-domain starting position  is defined by

where 



To alleviate the interference, Comb/CS randomization could be considered. For example, the Comb/CS may change from time to time depend on the transmission occasion or some cell-specific/UE-specific factors.
Proposal 3: Comb/CS randomization could be considered.
SRS capacity enhancement
Increasing maximum CS# can directly enhance SRS capacity. In previous release, we have three kinds of  and each corresponds a maximum CS#. In Rel-18, we could at least increase  to 12 for .
Table 6.4.1.4.2-1: Maximum number of cyclic shifts  as a function of 
	
	

	2
	8

	4
	12

	8
	6


Besides, TD-OCC is another way of increasing SRS capacity. We already have DFT-based OCC sequences for PUCCH and Hadmard OCC sequences for DMRS/CSI-RS in previous specification. As a starting point, both DFT-based OCC sequence and Hadmard OCC sequence could be considered as candidates for SRS TD-OCC.
In Rel-17, the supported PF factors are 2 and 4. Enlarging PF can also directly increase SRS capacity. Thus, we recommend to study larger PF values in Rel-18, e.g., PF=6, 8, 12, 16, 20 etc.
Proposal 4: Larger value of  for SRS should be studied in Rel-18.
Proposal 5: As a starting point, both DFT-based OCC sequence and Hadmard OCC sequence could be considered as candidates for SRS TD-OCC.
Proposal 6: Larger PF factors could be studied, e.g., PF=6, 8, 12, 16, 20 etc.

8 Tx UL operation
	Agreement 
For SRS enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices, study aspects include, for SRS for CB/NCB/AS, 
· Design parameters, including the maximum number of SRS resource sets, number of SRS resource sets, number of SRS resources, number of ports per resource, number of OFDM symbols, the allowed configurations for comb / comb shifts / cyclic shifts, number of simultaneous ports / resources / resource sets per OFDM symbol
· For the next decision point, study
· Whether to support 8 ports in one or multiple resources 
· Whether to support 8 ports in one or multiple OFDM symbols
· The maximum number of SRS resource sets.
· Note: For SRS for NCB, number of ports per SRS resource is still 1 (same as R15)


The Rel-18 SRS enhancement also involves increasing SRS maximum Tx number from 4 to 8. From our perspective, the maximum port per-symbol should be maintained which is 4 per-symbol which could be a baseline assumption in Rel-18 SRS enhancement. If we want to map SRS ports>4 in one symbol, the inter-port interference may increases and the number of REs per-port also decreases leading performance loss. Both would bring negative effect to SRS reception/estimation. Therefore, we want to maintain the 4 SRS-port per symbol as a baseline assumption. Additionally, such constraint is also beneficial for co-existence with legacy SRS resources.
Additionally, as the increase of SRS Tx# the SRS resource configuration should also be enhanced for both codebook based/non-codebook based uplink transmission. Specifically, 8-port SRS should be considered for codebook-based case, and the number of SRS resource should be up to 8 in one SRS set for non-codebook based case.
Proposal 7: Maintain the maximum ports per-symbol for 8Tx SRS, i.e., 4 SRS-port per symbol.
Proposal 8: Increase the number of SRS resources from 4 to 8 for non-codebook case, and introduce 8-port SRS resource for codebook case.

Conclusion
In this contribution, we provide our view on SRS enhancement in Rel-18. The following proposals are achieved:
Proposal 1: Support to introduce TRP-specific SRS in Rel-18.
Proposal 2: Support to use C-RNTI or Cell-ID to randomize SRS hopping pattern.
Proposal 3: Comb/CS randomization could be considered.
Proposal 4: Larger value of  for SRS should be studied in Rel-18.
Proposal 5: As a starting point, both DFT-based OCC sequence and Hadmard OCC sequence could be considered as candidates for SRS TD-OCC.
Proposal 6: Larger PF factors could be studied, e.g., PF=6, 8, 12, 16, 20 etc.
Proposal 7: Maintain the maximum ports per-symbol for 8Tx SRS, i.e., 4 SRS-port per symbol.
Proposal 8: Increase the number of SRS resources from 4 to 8 for non-codebook case, and introduce 8-port SRS resource for codebook case.
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