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Background
In RAN#94e, the working item to enhance both downlink and uplink MIMO operations in Rel-18 was agreed [1].
According to the WID, the following item needs to be studied, and if justified, specified:
· enhancement 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
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints the 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· SRS enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle Industrial devices
Potential enhancements for 8Tx SRS
At RAN1#109e meeting, the following agreements were made in AI 9.1.3.2 for SRS enhancement [2].
	Agreement 
Study the potential enhancements for SRS of 8T8R with usage antennaSwitching.

Agreement 
Study the potential enhancements for SRS for 8 Tx operation
· SRS resource(s) with 8 ports are configured for codebook-based PUSCH
· Up to 8 single-port SRS resources are configured for non-codebook-based PUSCH

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)



3.1 Capacity enhancement
In our view, SRS capacity enhancement is mandatory to support 8Tx UL operation. This is because the number of up to Rel-17 SRS ports associated with precoding/antenna port mapping/physical antenna mapping is currently up to 4. In this section, we discuss how to realize SRS resource(s) with 8 SRS ports.
Option 1: TD-OCC + FDM + Cyclic shift
For up to Rel-17, different SRS ports are FDMed and/or CDMed by cyclic shift within a symbol. For example, in a case that the number of SRS ports within a SRS resource is 4 and comb value is 8, AP#{1000, 1001} are CDMed with AP#{1002, 1003} and AP#{1000, 1002} are FDMed with AP#{1001, 1003}.
For 8 SRS ports, by introducing 2 length TD-OCC (i.e., [+1 +1], [+1 -1]), the maximum number of SRS ports can be extended. Figure 1 is an example of SRS with 8 SRS ports by using TD-OCC when comb value is 8. AP#1004 are CDMed with AP#1000 and AP#1006 by TD-OCC and cyclic shift, respectively.
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Figure 1: An example of SRS with 8 SRS ports by using TD-OCC when comb value is 8.
Observation 1: By introducing 2 length TD-OCC (i.e., [+1 +1], [+1 -1]), SRS with 8 SRS ports can be realized.
Option 2: FDM + Cyclic shift
Although TD-OCC is general/simple solution, SRS with 8SRS ports on a single symbol cannot be used and potentially impacts on other channels. For this reason, we consider to reusing legacy mechanisms (i.e., FDM + Cyclic shift). For example, 8 SRS ports can be mapped to a SRS resource on a single symbol as the followings:
· Case 1 (Comb value = 4 or 8)
· AP#{1000, 1001, 1004, 1005} are mapped to CDM#1
· AP#1000 is mapped to FDM#1
· AP#1001 is mapped to FDM#2
· AP#1004 is mapped to FDM#3
· AP#1005 is mapped to FDM#4
· AP#{1002, 1003, 1006, 1007} are mapped to CDM#2
· AP#1002 is mapped to FDM#1
· AP#1002 is mapped to FDM#2
· AP#1004 is mapped to FDM#3
· AP#1005 is mapped to FDM#4
· Case 2 (Comb value = 2)
· AP#{1000, 1001} are mapped to CDM#1
· AP#1000 is mapped to FDM#1
· AP#1001 is mapped to FDM#2
· AP#{1002, 1003} are mapped to CDM#2
· AP#1002 is mapped to FDM#1
· AP#1003 is mapped to FDM#2
· AP#{1004, 1005} are mapped to CDM#3
· AP#1004 is mapped to FDM#1
· AP#1005 is mapped to FDM#2
· AP#{1006, 1007} are mapped to CDM#4
· AP#1006 is mapped to FDM#1
· AP#1007 is mapped to FDM#2
Figure 2 is an example of SRS with 8 SRS ports in a single symbol when comb value is (a)8, (b)4, and (c)2. Case 1 corresponds to (a) and (b), and Case 2 corresponds to (c). For this, by reusing legacy FDM and cyclic shift, SRS with 8 SRS ports can be realized. However, for (b) and (c) in Figure 2, since all the SRS ports are contiguous on frequency domain, they are weak against frequency/doppler shift.
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Figure 2: An example of SRS with 8 SRS ports in a single symbol when comb value is (a) 8, (b) 4, and (c) 2.
Observation 2: By reusing legacy FDM and cyclic shift, SRS with 8 SRS ports can be realized.
Both Option 1 and Option 2 are reasonable for us to realize SRS with 8 SRS ports because they have small spec impacts. Therefore, for 8Tx SRS, one of both should be supported.
Proposal 1: For 8Tx SRS, one of the following options should be supported:
· Option 1: Introduce TD-OCC
· Option 2: Extend FDM and cyclic shift
Potential enhancements for SRS targeting TDD CJT
At RAN1#109e meeting, the following agreements were made in AI 9.1.3.2 for SRS enhancement [2].
	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[image: ] ,[image: ] besides the last bandwidth[image: ] 
· 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)
Note: PAPR performance and maintaining DFT waveform property should be considered when deciding the enhancement for Rel-18.

Agreement 
Consider the scenario where there exists SRSs sent by a UE and utilized by multiple TRPs for channel estimation, and the pathlosses between the UE and the TRPs differ by at least x dB in Rel-18 SRS study
· x can be {3,6,10}, and other values can be used.



2.1 Capacity enhancement
SRS capacity enhancement for 8Tx SRS is also effective to manage inter-TRP cross-SRS interference targeting TDD CJT, because SRS interference between two SRS resources having different SRS ports is smaller than the one between two SRS resource having the same SRS ports. Furthermore, it is unnecessary standardization effort that different solutions are support for 8Tx SRS and SRS targeting TDD CJT. Therefore, one of SRS capacity enhancements should be supported for both 8Tx SRS and SRS targeting TDD CJT.
Proposal 2: One of SRS capacity enhancements should be supported for both 8Tx SRS and SRS targeting TDD CJT.
2.2 SRS interference randomization
In our view, it is effective that both capacity enhancement and SRS interference randomization are supported to suppress SRS interference. For example, capacity enhancement can extend SRS resources and SRS interference randomization can avoid interference among the SRS resources.
For SRS interference randomization, there are two randomization schemes, implicit and explicit update of SRS parameters. For the explicit randomization, SRS parameters can be dynamically updated by DCI format. For the implicit randomization, SRS parameters can be updated per symbol according to new pattern.
Observation 3: For SRS interference randomization, there are two randomization schemes, implicit and explicit update of SRS parameters.
SRS parameters in frequency domain can contain frequency hopping pattern, comb value, and partial frequency hopping pattern. SRS parameters in code domain can contain sequence number, sequence group number, and CS value. To introduce a randomization scheme, the most dominant interference among SRS parameters such as frequency hopping pattern, comb value, partial frequency hopping pattern, sequence number, sequence group number, and CS value should be found out.
In our view, Rel-18 interference randomization in frequency domain has marginal improvement because frequency hopping, partial frequency hopping, etc are already supported. On the other hand, hopping in code domain (e.g., cyclic shift hopping) is not supported and it is expected to have a lot of improvement. For example, cyclic shift value for SRS in multiple symbols is constant in Rel-17. Consequently, a SRS for the UE interferes SRSs for other UEs in all the symbols in terms of code domain. Therefore, we propose cyclic shift hopping across symbols/pairs of adjacent symbols. 
Proposal 3: Code domain enhancement (e.g., Cyclic shift hopping across symbols/pairs of adjacent symbols) should be supported.
In Figure 3, we show cyclic shift value (i.e., ) when sequence length is 8, the number of SRS symbols is 4 symbols, repetition factor  is 2. At the left side of Figure 3 (legacy mapping), each cyclic shift value is constant across 4 symbols. On the other hand, at the right side (proposal mapping), cyclic shift value is hopped for each pair of adjacent 2 symbols.
In proposal mapping, initial value of cyclic shift  which is determined by higher layer parameter in the current spec can be dynamically updated in  determination as the followings:

Initial value of cyclic shift  can be implicitly expressed as  or explicitly indicated by DCI format.
If the UE transmit a SRS with cyclic shift hopping, it does not conflict with legacy SRSs for other UEs in at least one pair of adjacent  symbols. That is, cyclic shift hopping has diversity. Although cyclic shift hopping per symbol is feasible, we think SINR improvement within a pair of adjacent  symbols is also beneficial.
In Figure 3/4/5/6, we show proposed cyclic shift hopping at the right side. Initial value of cyclic shift is dynamically and implicitly/explicitly updated based on pair of adjacent  symbols. 
Proposal 4: For cyclic shift hopping, initial value of cyclic shift should be dynamically and implicitly/explicitly updated for each pair of adjacent  symbols.
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Figure 3: Example of cyclic shift hopping for antenna port 1000/1001 when  is 4 and  is 2 adjacent symbols.
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Figure 4: Example of cyclic shift hopping for antenna port 1002/1003 when  is 4 and  is 2 adjacent symbols.
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Figure 5: Example of cyclic shift hopping for antenna port 1000/1001 when  is 4 and  is 1 symbol.
[image: ]
Figure 6: Example of cyclic shift hopping for antenna port 1002/1003 when  is 4 and  is 1 symbol.
Conclusion
In this contribution, we have the following proposal:
Proposal 1: For 8Tx SRS, one of the following options should be supported:
· Option 1: Introduce TD-OCC
· Option 2: Extend FDM and cyclic shift
Proposal 2: One of SRS capacity enhancements should be supported for both 8Tx SRS and SRS targeting TDD CJT.
Proposal 3: Code domain enhancement (e.g., Cyclic shift hopping across symbols/pairs of adjacent symbols) should be supported.
Proposal 4: For cyclic shift hopping, initial value of cyclic shift should be dynamically and implicitly/explicitly updated for each pair of adjacent  symbols.
Observation 1: By introducing 2 length TD-OCC (i.e., [+1 +1], [+1 -1]), SRS with 8 SRS ports can be realized.
Observation 2: By reusing legacy FDM and cyclic shift, SRS with 8 SRS ports can be realized.
Observation 3: For SRS interference randomization, there are two randomization schemes, implicit and explicit update of SRS parameters.
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