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1. Introduction
In RAN1 #110 meeting, the following agreements were reached on SRS enhancement.
	Agreement
For Rel-18 reference signal enhancements, support and specify the following features (the agreed WID scopes apply):
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization;
RAN1 should strive to minimize the number of schemes supported in Rel-18
· SRS enhancements to enable 8 Tx UL operation and 8T8R SRS for DL operation.
Target usage includes antenna switching, codebook/non-codebook based SRS
Agreement
For 8 Tx SRS, at least support
· 8 ports in 1 SRS resource for ‘antennaSwitching’;
· FFS 8 ports in one or multiple SRS resources for ‘codebook’ 
Above does not imply support for 8 ports in one or multiple OFDM symbols
Agreement
For the maximum number of SRS resource sets for SRS with 8T8R with ‘antennaSwitching’, keep the existing value of the maximum number of SRS resource sets (as provided in Rel-17 antenna switching nTnR)
Agreement
For an 8-port SRS resource in an SRS resource set with usage antennaSwitching (i.e., for 8T8R antenna switching), the 8-port SRS resource is transmitted in at least one OFDM symbol.
FFS: the resource transmitted in multiple OFDM symbols where different ports are mapped to different symbols.
Agreement
For SRS resource set(s) with usage ‘nonCodebook’ support 8 1-port SRS resources in one or multiple OFDM symbols. 
· Note: The maximum number of simultaneous SRS resources is determined via UE-capability signalling.


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
For coherent JT operation with multi-TRP, it’s possible that multiple UEs transmit SRS occupying the same frequency resource (the same REs), which can result in interference across the SRS.
In previous meeting, it was agreed to further study the randomized frequency resource mapping for SRS transmission, such as comb offset hopping. In Rel-17, the comb offset for SRS is semi-statically configured by RRC and is not changed during the SRS transmission. With comb offset hopping, different frequency resources may be used during the SRS transmission.
There might be two solutions for comb offset hopping. The first one is to enable comb offset hopping within one slot, i.e., the comb offset hopping is performed over the SRS symbols within one slot. The other solution is to perform comb offset hopping over different slot for SRS transmission. Figure 1 shows an example of the operation.


[bookmark: _Ref110287078]Figure 1 Comb offset hopping
It should be further discussed which solution to be used for the comb offset hopping.
Proposal 1:
· RAN1 to discuss SRS comb offset hopping for interference randomization, including comb offset hopping within one slot vs. comb offset hopping over different transmission slot
Another scheme to randomize the interference is via code domain, e.g., the cyclic shift configuration. In Re-17, the cyclic shift for SRS resource is semi-statically configured by RRC and the cyclic shift of each port is calculated according to the equation below, where  is configured by RRC.
[image: ]
For coherent JT operation, in order to randomize the interference, the cyclic shift could be dynamically changed for the SRS transmission. In another example, the cyclic shift configuration could be changed pseudo randomly with pre-defined pattern.
Proposal 2:
· RAN1 to discuss the dynamic change of cyclic shift configuration to randomize interference for SRS transmission
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.
Therefore, per TRP power control for SRS is preferred for coherent JT operation to manage the interference.
There could be different ways to support per TRP power control.
The first way is to configure dedicated SRS for each TRP. For SRS targeting different TRPs, SRS can be configured with the corresponding power control setting, such as power control state, path loss reference signal, etc.
The other way is to configure the same SRS. But the TRP specific power control setting, such as power control state/path loss reference signal, could be dynamically changed prior to the SRS transmission via MAC-CE/DCI.
Another solution is to apply different power control setting for the SRS repetitions. For example, the SRS resource is configured with two symbols. Over the first symbol, the transmission is based on the power control state/path loss reference signal with the first TRP. Over the second symbol, the transmission is based on the power control state/path loss reference signal with the second TRP.
For SRS power control, the other issue is the number of closed loop power control state. In Rel-18, the coherent JT operation could support up to 4 TRPs. However, for SRS power control in Rel-17, the number of closed loop power control states is limited. If the SRS power control state is the same as PUSCH, then the number of closed loop power control states is just two.
Hence, the number of power control states for SRS should be discussed in Rel-18.
Proposal 3:
· RAN1 to discuss per-TRP power control for SRS enhancement, such as the configuration of power control state, pathloss reference signal, etc.
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 4:
· RAN1 to discuss TD-OCC for SRS improve capacity of orthogonal SRS for coherent JT operation
2.2 SRS for 8Tx UL transmission
2.2.1 8-port SRS over one symbol vs. two symbols
In RAN1 #110 meeting, it was agreed that for usage of antenna switching, the 8-port SRS could be transmitted over one OFDM symbol and in one SRS resource.
For the SRS with usage of codebook, we think the similar solution as antenna switching could be used for 8-port SRS, i.e., the 8-port SRS is in one OFDM symbol and in one SRS resource.
Regarding the option to support 8-port SRS with two OFDM symbols, it 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, 8-port SRS over one symbols is preferred.
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 5:
· For SRS with usage of codebook,
· Support 8 ports in one OFDM symbol
· Support 8 ports in one SRS resource
Proposal 6:
· For SRS with usage of antenna switching, only support 8 ports in one OFDM symbol and in one SRS resource.
2.2.2 Cyclic shift and comb offset configuration for 8-port SRS
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
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.
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.
Therefore, similar solution can be used for 8-port SRS, i.e., multiple comb offsets can be used. For example, two or four comb offsets can be used for 8-port SRS, and each comb offset is mapped with four or two cyclic shifts.
For Comb-2, the result from the above equation is integer value. However, when SRS partial sounding is enabled, the minimum SRS sequence length is 6, which means the maximum number of cyclic shifts is only 6. In such case, the one comb offset can’t support 8-port operation and multiple comb offsets, i.e., two comb offsets are required for 8-port SRS.
Hence, we have the following proposal.
Proposal 7:
· RAN1 to consider using multiple comb offsets and multiple cyclic shifts to support 8-port SRS operation.
3. Conclusion
In conclusion, we have the following proposals on SRS enhancements in Rel-18.
Proposal 1:
· RAN1 to discuss SRS comb offset hopping for interference randomization, including comb offset hopping within one slot vs. comb offset hopping over different transmission slot
Proposal 2:
· RAN1 to discuss the dynamic change of cyclic shift configuration to randomize interference for SRS transmission
Proposal 3:
· RAN1 to discuss per-TRP power control for SRS enhancement, such as the configuration of power control state, pathloss reference signal, etc.
Proposal 4:
· RAN1 to discuss TD-OCC for SRS improve capacity of orthogonal SRS for coherent JT operation
Proposal 5:
· For SRS with usage of codebook,
· Support 8 ports in one OFDM symbol
· Support 8 ports in one SRS resource
Proposal 6:
· For SRS with usage of antenna switching, only support 8 ports in one OFDM symbol and in one SRS resource.
Proposal 7:
· RAN1 to consider using multiple comb offsets and multiple cyclic shifts to support 8-port SRS operation.
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