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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In Rel-18, enhancements on downlink MIMO that facilitate the use of large antenna array, for both FR1 and FR2, are needed to fulfil the demand for evolution of NR deployments. As coherent joint transmission (CJT) improves coverage and average throughput in commercial deployments with high-performance backhaul and synchronization, enhancement on CSI acquisition for FDD and TDD, targeting FR1, can be beneficial in expanding the utility of multi-TRP deployments. SRS enhancement targeting TDD coherent JT is agreed as part of MIMO enhancement, where the corresponding object is as highlighted as following in the approved WID [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


In Rel-18, it is important to identify and specify necessary enhancements for uplink MIMO. As advanced UEs (e.g. CPE, FWA, vehicle, industrial devices) become more relevant, introducing necessary enhancements to support 8 antenna ports as well as 4 and more layers for UL transmission can offer the needed improvement for UL coverage and average throughput. SRS enhancement for 8Tx is agreed as part of MIMO enhancement, where the corresponding object is as highlighted as following in the approved WID [1]: 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.


In this contribution, we provide our views on SRS enhancement targeting TDD CJT and 8 TX operation.
Discussion on SRS enhancement targeting TDD CJT
In RAN1 #112b meeting, the following agreements were made for SRS enhancement for CJT [2]:
	Agreement
For a SRS resource configured with comb offset hopping and/or cyclic shift hopping, 
· If the repetition factor R = 1, within a slot, the time-domain hopping behavior depends on the OFDM symbol index  of each symbol.
· If the repetition factor R > 1, 
· For cyclic shift hopping, within a slot, the time-domain hopping behavior depends on the OFDM symbol index  of each symbol.
· For comb offset hopping, within a slot, the time-domain hopping behavior depends on one of the following alternatives:
· Alt1: The OFDM symbol index  of the first symbol across the R repetitions.
· Alt2: The OFDM symbol index  of each symbol.
· Alt3: The OFDM symbol index  of each symbol or the first symbol across the R repetitions based on configuration, and FFS configuration details.
Agreement
For SRS comb offset hopping / cyclic shift hopping, support reinitialization at the beginning of every N radio frame(s), where N ≥ 1.
· FFS: N is fixed or configurable.
Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for a SRS resource, the hopping pattern initialization ID determined by , where  is a new ID for cyclic shift hopping and/or comb offset hopping.
· The range of the new ID is from 0 to 1023
Agreement
For a SRS resource configured with comb offset hopping, if the repetition factor R > 1, within a slot, the time-domain hopping behavior depends on the OFDM symbol index l' of each symbol or the first symbol across the R repetitions based on RRC configuration, and FFS configuration details.
· UE can indicate whether it supports one or both the options. Details to be discussed in UE feature.
Agreement
Whether SRS comb offset hopping can be combined with one of group / sequence hopping on a SRS resource depends on UE feature/capability design.
· FFS: Whether SRS cyclic shift hopping can be combined with one of group / sequence hopping on a SRS resource depends on UE feature/capability design. 
· FFS: UE feature/capability design details.
Conclusion
No consensus on enhanced per-TRP power control and/or power control of one SRS towards to multiple TRPs in Rel-18.



Scenario and SRS coordination assumption for TDD CJT 
For TDD systems, SRS can be used to obtain downlink CSI by exploiting channel reciprocity. In general, SRS-based DL CSI acquisition schemes have the benefit of lower CSI feedback overhead and higher CSI precision, compared with quantized PMI feedback. For cell-edge UEs, the uplink SINR and channel quality could be too low to perform SRS-based channel measurement with sufficient resolution, especially for power-limited UEs. Thus, it is important for gNB to enhance the coordination on SRS resources and manage inter-TRP cross-SRS interference.
One typical cross-SRS interference scenario is shown in Fig.1. For a UE that is associated with CJT transmission, i.e., UE1, the received SRS at the candidate TRPs for CJT, e.g., TRP1, TRP2, will be used to obtain channel estimates by one coordinated TRP, e.g. TRP1, and another coordinated TRP, e.g. TRP2. However, a concurrent SRS transmission from a neighboring UE2 to one of the candidate TRPs , e.g., TRP2, may use the same or overlapped time-frequency resources as the SRS resource for the CJT-based UE without any coordination. Under this setup, the estimated channel accuracy corresponding to the CJT-based UE1 will be degraded by TRP2, especially if the neighboring UE2 is closer to TRP2 than the CJT-based UE1 is. Therefore, SRS enhancement is needed for SRS resources from candidate TRPs to improve SRS channel estimation accuracy. 


Fig.1 Example of cross-SRS interference for CJT UE 
Discussion on SRS enhancement for TDD CJT
With randomized resources for SRS transmission, the inter-TRP cross-SRS interference can be randomized, which helps reduce the interference level when some resources with better orthogonality are used for cross-SRS. It can also help avoid persistent interference and provide good channel estimation performance for some transmission opportunity with smaller cross-SRS, without increasing the actual SRS overhead. This type of schemes can be used to obtain accurate downlink CSI especially when the UE load is not high. 
Comb hopping and CS hopping for SRS transmission
For legacy systems, the cyclic shift  and transmission comb number  are configured by the higher-layer parameter transmissionComb. For Comb hopping and CS hopping, hopping is based on Comb value(s) and CS value(s), respectively, in different transmission occasions. Specifically, the Comb value(s) for the SRS port(s) can hop in one set, such as  for Comb hopping, and the CS value(s) for the SRS port(s) can hop in one set, such as . In principle, CS hopping scheme and Comb hopping scheme are similar. In RAN1#112 meeting, it was agreed to support both CS (cyclic shift) hopping and Comb hopping for SRS interference randomization. At least CS hopping and Comb hopping can be separately configured. For supporting combined CS hopping and Comb hopping, there are different views. In our view, better interference randmomization effect can be achieved due to larger degrees-of-freedom for hopping if combined CS hopping and Comb hopping are supported. It is useful for scenarios with larger number of UEs. Also, it is more compatible for 4Tx SRS, where different Comb values and different CS values can be used for different SRS ports. For combined hopping scheme, we prefer to have simple design to make CS hopping and Comb hopping separately as much as possible. For example, for 4Tx SRS, combined CS and Comb hopping are used for the first SRS port, where there are total 16 possible hopping values (including 8 possible CS value and 2 possible Comb). For CS and Comb values for other SRS ports, they can be derived based on the specified scheme in section 6.4.1.4.2 and 6.4.1.4.3 of TS 38.211. In this way, the standard effort is expected to be limited. Thus, we prefer to support combined CS and Comb hopping due to the potential performance benefit. Regarding the concern on the impact to legacy UEs, we believe it can be handled by gNB implementation such as configuring SRS for CJT UEs and legacy UEs in different Comb and CS subsets or different OFDM symbols. 
Support combined CS hopping and Comb offset hopping.
For UE capability, the most straightforward approach would be configuring the UE to report 5 capability types as an optimized scheme, i.e. {1. Not support CS hopping or Comb hopping; 2. Support CS hopping only; 3. Support Comb hopping only; 4. Support both CS hopping and Comb hopping (without simultaneous CS and Comb hopping); 5. Support combined CS hopping and Comb hopping}. In our opinion, the difference between UE capability 4 and UE capability 5 is not significant, and hence can be unified in the same UE capability for supporting both CS hopping and Comb hopping to reduce gNB configuration complexity, i.e. {1. Not support CS hopping or Comb hopping; 2. Support CS hopping only; 3. Support Comb hopping only; 4. Support both CS hopping and Comb hopping} as UE capability candidates.   
Prefer 4 UE capability types i.e. {1. Not support CS hopping or Comb hopping; 2. Support CS hopping only; 3. Support Comb hopping only; 4. Support both CS hopping and Comb hopping}  for SRS interference randomizing hopping.
In RAN1#113 meeting, it was agreed to support reinitialization at the beginning of every N radio frame(s) for SRS comb offset hopping / cyclic shift hopping, where N ≥ 1 but it FFS N is fixed or configurable. In principle, either configurable value or fixed value can be workable if N is larger value relative to SRS periodicity. We prefer a fixed value for N, such as 1024 on account of simplicity for scheme. Also, we do not see the clear motivation for introducing such a new RRC signalling. 
Support fixed value, e.g. 1024, for N used for reinitialization.
For the hopping value set, the specific set can be configured by the network for interference coordination between TRPs. Also, it can be used for facilitating gNB realization to handle multiplexing between legacy UEs and Rel-18 UEs with Comb and/or CS hopping. Especially when there are some multiplexed Rel.18 UEs enabled with CS hopping and some multiplexed Rel.18 UEs enabled with Comb hopping, we have to configure subset of CS and Comb offset to reduce interference to legacy UE. The specific set can be indicated by bitmap based on maximum comb value  for Comb hopping and/or maximum CS value  for CS hopping. 
Support configuring a subset of CS and/or Comb offset for CS hopping and/or Comb hopping for interference coordination between TRPs and for multiplexing with legacy UE. 
[bookmark: _Hlk127083743]For the supported time domain behaviour of SRS with CS and/or Comb hopping, periodic and semi-persistent SRS are supported, however aperiodic SRS is still FFS. In general, CS and/or Comb hopping schemes can be used for aperiodic SRS transmission on SRS resource(s) in one or multiple SRS resource sets. It can achieve interference randomization effect for overlapping SRS transmission from different coordination area. Therefore, we support CS hopping and/or Comb hopping for aperiodic SRS. For the usage of SRS for supporting CS hopping and/or Comb hopping, we think it is for antenna switching since SRS enhancement is made to manage inter-TRP cross-SRS interference targeting TDD CJT based on WID description, where channel reciprocity is exploited for TDD CJT. 
Support CS hopping and/or Comb hopping for aperiodic SRS.
Support CS hopping and/or Comb hopping for SRS with usage antennaSwitching.   
Remaining issues on SRS enhancement for 8Tx UL operation
The following agreements were reached for 8 port SRS design:
	Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), and when the resource is assigned with >1 comb offsets, determine the mapping from the ports to comb offsets as follows:
· If =2, ports {1000, 1002, 1004, 1006} are mapped on the first comb offset, and {1001, 1003, 1005, 1007} on the second comb offset 
· If =4, ports {1000, 1004} are mapped on the first comb offset, {1001, 1005} on the second comb offset, {1002, 1006} on the third comb offset, and {1003, 1007} on the fourth comb offset.

Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), and when the resource is configured with comb  and with maximum  cyclic shifts per comb offset, the number of comb offset(s) and the cyclic shift locations are determined based on the one RRC configured cyclic shift location  as follows:
· If , then 1 comb offset is used, otherwise 2 comb offsets are used. 
· The 8 cyclic shift locations for the 8 ports are {) mod ) mod , reusing the existing equation  in 38.211 6.4.1.4.2.
Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM onto m ≥ 2 OFDM symbols in a slot and with TDM factor s, the s subsets of ports are mapped cyclically as {{1, 2, …, s}, …, {1, 2, …, s}} on the m OFDM symbols.
Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), and when the resource is assigned with comb 4 or comb 8, decide one of the following options:
· Option 1: the cyclic shift positions are completely aligned across the comb offsets on the same OFDM symbol.
· For comb =4, . For comb =8, . For port , .
· Option 2: the cyclic shift positions are unaligned across the comb offsets on the same OFDM symbol for comb 4, and the cyclic shift positions are aligned on only 2 of the 4 comb offsets on the same OFDM symbol for comb 8.
· For comb =4, . For comb =8, .  Example: For port , . FFS equation details.
· FFS: potential impact on PAPR, if any.
Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM with TDM factor s, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), the SRS transmissions within each of the m/s groups of {1, 2, …, s} use the same set of subcarriers. If consecutive groups of {1, 2, …, s} are configured as repetition, then the SRS transmissions of the consecutive groups use the same set of subcarriers.
· Note: applicable to the SRS resource with or without FH/RPFS.
· FFS the scenario where comb offset hopping is configured for the SRS resource.
Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and with TDM factor s > 1, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when the SRS transmission on a subset of the s OFDM symbols within a group of {1, 2, …, s} is dropped, study at least the following solutions:
· Whether or not a UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}, based on, for example, the usage, coherency, and/or repetition configuration.
· Whether or not a UE changes the transmission order of the subsets of ports.



In this section, we provide our views on the enhancements on 8Tx SRS.
8Tx SRS for codebook
One remaining issue for 8-port SRS resource in one symbol is how to assign the cyclic shift positions for each SRS port for Comb 4 and Comb 8. We think Rel-17 principle should be reused to simply the UE implementation, i.e., the CS positions are completely aligned across the comb offset on the same OFDM symbol.
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), and when the resource is assigned with comb 4 or comb 8, the cyclic shift positions are completely aligned across the comb offsets on the same OFDM symbol.
Another possible solution is to sounding 8 antenna ports in multiple SRS resources. For example, all 8 antenna ports can be sounded by two SRS resources transmitted on adjacent OFDM symbols at lease for partial-coherent and non-coherent UE. Compared with sounding 8 antennas as a single SRS resource, this offers more SRS resource allocation flexibility, especially for partial coherent UEs. Since the phase difference between different antennas within different coherent antenna groups are random, the channels corresponding to different coherent antenna groups can be sounded by different SRS resources in different symbols. The channel condition corresponding to different antennas within a same coherent antenna group are correlated and the phase difference between different antennas within a same coherent antenna group are fixed for a channel. Therefore, the channels for antennas within a same coherent antenna group should be sounded together by a same SRS resource. One example is provided as follows. 
Example of sounding 8 antenna port by two SRS resource sets:
SRS resource#0: SRS antenna port 1000, 1001, 1004, 1005
SRS resource#1: SRS antenna port 1002, 1003, 1006, 1007
SRS antenna port 1000, 1001, 1004, 1005 belong to the 1st coherent antenna group are sounded by SRS resource#0 and SRS antenna port 1002, 1003, 1006, 1007 belong to the 2nd coherent antenna group are sounded by SRS resource#1. SRS ports of SRS resource 0 and SRS ports of SRS resource 1 share the same Comb offset and CS. In other words, the SRS port 0, 1, 2, 3 of SRS resource 0 are mapped to SRS antenna port 1000, 1001, 1004, 1005, and the SRS port 0, 1, 2, 3 of SRS resource 1 are mapped to SRS antenna port 1002, 1003, 1006, 1007. It means that SRS resource 0 and SRS resource 1 are associated with different antenna ports. Different from SRS for antenna switching, a gap is not need between different SRS resources and the antenna ports within a same coherent antenna group should be associated with a same SRS resource.
To quickly obtain the complete channel matrix, SRS resources for all 8 antennas sounding are better transmitted on adjacent OFDM symbols. Further, all the SRS resources for all 8 antennas sounding should be configured with the same frequency hopping pattern and repetition parameters and should perform frequency hopping and/or repetition together. For the SRI indication for PUSCH scheduling, each SRI codepoint can be associated with multiple SRS resources for all 8 antenna sounding.
[bookmark: _Toc127365333]Support to sound 8 antenna port with more than one SRS resources.
8Tx SRS for non-codebook
To support 8 Tx non-codebook based PUSCH transmission, 8 single port SRS resources shall be supported as agreed in RAN1#109. If all the 8 single-port SRS resources can be transmitted in a slot, they shall be configured within a same SRS resource set as in Rel-17. However, if the UE can only transmit SRS in the last 6 OFDM symbols in a slot and only one SRS resource can be transmitted in one OFDM symbol, 8 OFDM symbols are required for all the 8 SRS resource transmission. Then all the SRS resources within an SRS resource set cannot be transmitted in a slot. For this case, all the 8 SRS resources can be configured in two or more SRS resource sets and transmitted in different slots. All of the 8 SRS resources should be configured with a same UL TCI state and all the SRS resource sets should be associated with a same NZP CSI-RS for precoding calculation. Besides, for aperiodic SRS resource sets, all the SRS resource sets shall be triggered by a same DCI.
[bookmark: _Toc127365334]All the 8 single port SRS resources can be configured within one or more SRS resource sets according to UE capability.
· [bookmark: _Toc127365335]All the SRS  resource sets are configured with a same UL TCI state, or 
· [bookmark: _Toc127365336]All the SRS resoruce sets have the same associatedCSI-RS resource.

Conclusion
In this contribution document, we discussed our views on SRS enhancement targeting CJT scenarios, as well as 8Tx UL operation. Based on the discussion points in the document, we have the following proposals:
1. [bookmark: _Toc115268032]Support combined CS hopping and Comb offset hopping.
Prefer 4 UE capability types i.e. {1. Not support CS hopping or Comb hopping; 2. Support CS hopping only; 3. Support Comb hopping only; 4. Support both CS hopping and Comb hopping}  for SRS interference randomizing hopping.
1. Support fixed value, e.g. 1024, for N used for reinitialization.
Support configuring a subset of CS and/or Comb offset for CS hopping and/or Comb hopping for interference coordination between TRPs and for multiplexing with legacy UE. 
1. Support CS hopping and/or Comb hopping for aperiodic SRS.
1. Support CS hopping and/or Comb hopping for SRS with usage antennaSwitching. 
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or     ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), and when the resource is assigned with comb 4 or comb 8, the cyclic shift positions are completely aligned across the comb offsets on the same OFDM symbol.
1. Support to sound 8 antenna port with more than one SRS resources.
All the 8 single port SRS resources can be configured within one or more SRS resource sets according to UE capability.
· All the SRS  resource sets are configured with a same UL TCI state, or 
· All the SRS resoruce sets have the same associatedCSI-RS resource.
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