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1. Introduction
In RAN1 #110bis-e meeting, the following agreements and conclusions were reached on SRS enhancement.
	[bookmark: _Hlk118393120]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
· 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.
Conclusion
The discussion of resource mapping for SRS transmission based on network-provided parameters or system parameters is merged into the discussions of other SRS enhancements for TDD CJT.
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
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.
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.
Conclusion
· No further discussion of increasing the maximum number of cyclic shifts for CJT SRS.
· No further discussion of partial frequency sounding extensions for CJT SRS.


In this contribution, we provide our views on the corresponding SRS enhancements for Rel-18.
2. Discussion on SRS enhancements for Rel-18
2.1 SRS for coherent JT
2.1.1 Interference randomization
In RAN1 #110bis-e meeting, it was agreed that for coherent JT, comb offset hopping or cyclic shift hopping will be supported for the purpose of interference randomization.
With comb offset hopping or cyclic shift hopping, the comb offset or cyclic shift for SRS will change for different SRS transmission occasion.
One point for further discussion is whether the hopping is performed at slot level or OFDM symbol level, i.e., whether the hopping is associated with slot index or symbol index.
In legacy spec, the comb offset and cyclic shift configuration for one SRS resource doesn’t change. For the SRS repetitions within one slot, the comb offset and cyclic shift are the same across all the SRS symbols within the slot.
For coherent JT, if the comb offset or cyclic shift hopping is performed at OFDM symbol level, it would be more complicated for multiplexing with legacy UEs, as illustrated in Figure 1.


[bookmark: _Ref118384604]Figure 1 Comb offset hopping

Therefore, it’s preferred that the comb offset hopping or cyclic shift hopping is performed at slot level. And consequently, the comb offset hopping or cyclic shift hopping should be for periodic/semi-persistent SRS.
Proposal 1:
· For SRS interference randomization, the comb offset hopping or cyclic shift hopping should be performed at slot level for periodic/semi-persistent SRS

2.1.2 SRS power control
In multi-TRP scenario with coherent JT operation, if the SRS transmitted toward one TRP is also used by another TRP for DL CSI acquisition, there might be some issue due to power control. The observed power of SRS by the second TRP may be too high since the SRS power is controlled by the first TRP, leading to interference due to improper power control setting.
In RAN1 #110bis-e meeting, it was agreed that RAN1 to further study the power control enhancement for SRS, as shown below.
	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


With Option 1, only one SRS power control state is configured, and multiple pathloss RS could be configured. In this way, the SRS output power should be based on, for example, averaging over the pathloss from different pathloss RS. However, if the UE is closer to TRP1 and farer from TRP2, then the Tx power would be higher from TRP1 perspective and the Tx power is lower from TRP2 perspective, which is not helpful to improve the quality of received SRS and the CSI accuracy.
With Option 2, more than one SRS power control state and more than one pathloss RS can be configured. The SRS power control could be more accurate toward different TRP. In one SRS resource set, different SRS resource could be applied with different SRS power control setting. Or different repetition symbols of one SRS resource could be applied with different SRS power control setting.
Therefore, Option 2 is the preferred solution for SRS power control enhancement.
Proposal 2:
· For per-TRP power control, support Option 2, i.e., the subset of SRS resource of an SRS resource set could be associated with different power control setting, e.g., power control state and pathloss RS.

2.1.3 SRS capacity enhancement
In order to support coherent JT operation, the SRS capacity should be increased. Since there is restriction in the WID that additional resource should not be consumed, TD-OCC could be introduced for SRS repetition to increase the SRS capacity without occupying additional resource.
Figure 2 shows example on TD-OCC for SRS transmission.


[bookmark: _Ref101784007]Figure 2 TD-OCC for SRS
Proposal 3:
· Support TD-OCC for SRS capacity enhancement in coherent JT operation

2.2 SRS for 8Tx UL transmission
2.2.1 8-port SRS over one symbol vs. two symbols
In RAN1 #110bis-e meeting, it was agreed that for usage of antenna switching and codebook, the 8-port SRS could be transmitted over one OFDM symbol.
For the 8-port SRS, one FFS point is whether to transmit 8-port SRS without repetition over multiple OFDM symbols, e.g., two OFDM symbols.
In our view, supporting 8-port SRS with two OFDM symbols consumes more resource in time domain. Compared with 8-port SRS over one OFDM symbol, assuming the same amount of time domain resource is used for both options, repetition could be configured for 8-port SRS over one symbol to achieve better performance. Considering the uplink symbols is limited in TDD system, it’s not preferred to transmit 8-port SRS without repetition over multiple OFDM symbols.
In addition, with multiple symbols for 8-ports, the gNB side needs more time to obtain the channel information from all the antenna ports. One symbol SRS is quicker for gNB side processing.
Therefore, we have the following proposal.
Proposal 4:
· Do not support 8-port SRS without repetition mapped over multiple OFDM symbols.

2.2.2 Cyclic shift and comb offset configuration for 8-port SRS
For 8-port SRS, the comb offset and cyclic shift allocation should be discussed. In the current spec, the maximum number of cyclic shifts for different comb size is as shown in Figure 3.
[image: ]
[bookmark: _Ref110287173]Figure 3 Maximum number of cyclic shifts for SRS in Rel-17
The cyclic shift configuration for each port in Rel-17 is shown by below equation.
[image: ]
Figure 4 Cyclic shift configuration in Rel-17
In Rel-18, in order to support 8-port SRS, it can be seen that the result from the above equation may not be integer value for Comb-4 and Comb-8.
In NR Rel-17, for 4-port SRS with comb-8, two comb offsets are used, and each comb offset is mapped with two cyclic shifts.
Therefore, similar solution can be used for 8-port SRS, i.e., multiple comb offsets can be used, and each comb offset can be mapped with one or multiple cyclic shifts.

1) Comb-2
For Comb-2, the maximum number of cyclic shifts is 8. For 8-port SRS, all the eight cyclic shifts can be allocated to one comb offset. However, in this case, the SRS performance may be sensitive to the delay due to the small space among cyclic shifts.
Therefore, multiple comb offsets could be used for Comb-2, i.e., two offsets, and each comb offset is mapped with four cyclic shifts.
Table 2 shows an example of the comb offsets and cyclic shifts allocation for Comb-2.

Table 1 Example for comb offsets and cyclic shift allocation for 8-port SRS with Comb-2
	8-ports with single comb offset
	8-ports with two comb offsets

	Comb offset #0
	Port #0
	CS #0
	Comb offset #0
	Port #0
	CS #0

	
	Port #1
	CS #1
	
	Port #2
	CS #2

	
	Port #2
	CS #2
	
	Port #4
	CS #4

	
	Port #3
	CS #3
	
	Port #6
	CS #6

	
	Port #4
	CS #4
	Comb offset #1
	Port #1
	CS #1

	
	Port #5
	CS #5
	
	Port #3
	CS #3

	
	Port #6
	CS #6
	
	Port #5
	CS #5

	
	Port #7
	CS #7
	
	Port #7
	CS #7



2) Comb-4
For Comb-4, the maximum number of cyclic shifts is 12. For 8-port SRS, eight cyclic shifts can be allocated to one comb offset. However, in this case, the cyclic shifts may not be equally spaced. Or, for example, the cyclic shifts {#0, #1, …, #7} are allocated, then the SRS would be sensitive to delay spread.
Therefore, multiple comb offsets could be used for Comb-4, i.e., two or four comb offsets, and each comb offset is mapped with four or two cyclic shifts.
Table 2 shows an example of the comb offsets and cyclic shifts allocation for Comb-4. However, with four comb offsets, all the comb offsets are occupied, and it may not be good for multiplexing among UEs. So, two comb offsets is slightly preferred for 8-port SRS with Comb-4.

[bookmark: _Ref118389188]Table 2 Example for comb offsets and cyclic shift allocation for 8-port SRS with Comb-4
	8-ports with two comb offsets
	8-ports with four comb offsets

	Comb offset #0
	Port #0
	CS #0
	Comb offset #0
	Port #0
	CS #0

	
	Port #2
	CS #3
	
	Port #2
	CS #6

	
	Port #4
	CS #6
	Comb offset #1
	Port #4
	CS #3

	
	Port #6
	CS #9
	
	Port #6
	CS #9

	Comb offset #1
	Port #1
	CS #1
	Comb offset #2
	Port #1
	CS #1

	
	Port #3
	CS #4
	
	Port #3
	CS #7

	
	Port #5
	CS #7
	Comb offset #3
	Port #5
	CS #4

	
	Port #7
	CS #10
	
	Port #7
	CS #10



3) Comb-8
For Comb-8, the maximum number of cyclic shifts is 6. Therefore, it’s not possible to map 8 ports over one comb offset. Multiple comb offsets should be used. If two comb offsets are used, then each comb offset is mapped with four cyclic shifts. Considering the maximum number of cyclic shifts is 6, the four cyclic shifts mapped over one comb offset may not be equally spaced. Therefore, four comb offsets or eight comb offsets could be considered for 8-port SRS operation, and each comb offset will be mapped with two cyclic shifts or one cyclic shift.
Table 3 shows an example of the comb offsets and cyclic shifts allocation for Comb-8. However, with eight comb offsets, all the comb offsets are occupied, and it may not be good for multiplexing among UEs. So, four comb offsets is slightly preferred for 8-port SRS with Comb-8.

[bookmark: _Ref118388980]Table 3 Example for comb offsets and cyclic shift allocation for 8-port SRS with Comb-8
	8-ports with four comb offsets
	8-ports with eight comb offsets

	Comb offset #0
	Port #0
	CS #0
	Comb offset #0
	Port #0
	CS #0

	
	Port #4
	CS #3
	Comb offset #1
	Port #1
	CS #1

	Comb offset #1
	Port #1
	CS #1
	Comb offset #2
	Port #2
	CS #2

	
	Port #5
	CS #4
	Comb offset #3
	Port #3
	CS #3

	Comb offset #2
	Port #2
	CS #2
	Comb offset #4
	Port #4
	CS #4

	
	Port #6
	CS #5
	Comb offset #5
	Port #5
	CS #5

	Comb offset #3
	Port #3
	CS #0
	Comb offset #6
	Port #6
	CS #0

	
	Port #7
	CS #3
	Comb offset #1
	Port #7
	CS #1



Therefore, we have the following proposal.
Proposal 5:
· For 8-port SRS over one OFDM symbol, RAN1 to consider using multiple comb offsets and multiple cyclic shifts for 8-port operation
· For comb-2, using one/two comb offsets and each comb offset is mapped with eight/four cyclic shifts
· For comb-4, using two/four comb offsets, and each comb offset is mapped with four/two cyclic shifts
· For comb-8, using four/eight comb offsets, and each comb offset is mapped with two/one cyclic shifts

3. Conclusion
In conclusion, we have the following proposals on SRS enhancements in Rel-18.
Proposal 1:
· For SRS interference randomization, the comb offset hopping or cyclic shift hopping should be performed at slot level for periodic/semi-persistent SRS
Proposal 2:
· For per-TRP power control, support Option 2, i.e., the subset of SRS resource of an SRS resource set could be associated with different power control setting, e.g., power control state and pathloss RS.
Proposal 3:
· Support TD-OCC for SRS capacity enhancement in coherent JT operation
Proposal 4:
· Do not support 8-port SRS without repetition mapped over multiple OFDM symbols.
Proposal 5:
· For 8-port SRS over one OFDM symbol, RAN1 to consider using multiple comb offsets and multiple cyclic shifts for 8-port operation
· For comb-2, using one/two comb offsets and each comb offset is mapped with eight/four cyclic shifts
· For comb-4, using two/four comb offsets, and each comb offset is mapped with four/two cyclic shifts
· For comb-8, using four/eight comb offsets, and each comb offset is mapped with two/one cyclic shifts
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