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1. Introduction
In RAN#94-e meeting, a new Rel-18 WID on MIMO [1] was agreed. From 7 objectives, there are two objectives requiring SRS enhancement, M-TRP CJT and 8TX UL transmission.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
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 discuss SRS enhancement for 8TX UL transmission and M-TRP CJT in Rel-18 MIMO.  

2. SRS enhancement for 8 TX UL transmission
2.1 Definition of cyclic shift value and comb offset index
For an 8-port SRS in an SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, 8-port mapping within one OFDM symbol using multiple comb offsets was agreed as follows: 
	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), at least support:
· For comb 2, support 1 and 2 comb offsets
· For comb 4, support 2 and [4] comb offset
· For comb 8, support 4 comb offsets




To complete the design of 8-port SRS resource, RAN1 needs to decide exact combinations of {cyclic shift value, comb offset index} per port. In Rel-17, usage of multiple comb offsets for an SRS resource has been supported already, where we understand the principle would be “using multiple comb offsets, maximizing the cyclic shift difference within a comb offset”. It basically results in the uniformly distributed cyclic shift values within a comb offset index. We believe the same principle should be considered for the support of 8-port in Rel-18. More specifically, we propose the following table for defining {cyclic shift value, comb offset index} combinations: 

Table 2.1-1: Proposed combinations of {cyclic shift value, comb offset index} for 8-port SRS
	Comb configurations
	# of comb offsets
	Relationship between CS and comb offset

	Comb 2
	1
	, , , , , , , , for comb offset 

	
	2
	, , , , for comb offset  and for comb offset 

	Comb 4
	2
	, , , , for comb offset  and for comb offset ;

	
	4 (if confirmed)
	, , for comb offset , , , and 

	Comb 8
	4
	, , for comb offset , , , and 



Proposal 2-1
· Define combinations of {cyclic shift value, comb offset index} as follows:
· For comb 2 with 1 comb offset, {, , , , , , , } for comb offset 
· For comb 2 with 2 comb offsets, , , , , for comb offset  and for comb offset 
· For comb 4 with 2 comb offsets, , , , , for comb offset  and for comb offset ;
· For comb 4 with 4 comb offsets (if confirmed), , , for comb offset , , , and 
· For comb 8 with 4 comb offsets, , , for comb offset , , , and 

Another point is that, as per the agreement above, the exact number of comb offsets to be used should be determined for an SRS resource, at least in case of comb 2. In our understanding, Rel-17 supports this behavior by implicitly associating  with the number of comb offsets, as below in 38.211 [2]: 

	[bookmark: _Toc19796474][bookmark: _Toc26459700][bookmark: _Toc29230350][bookmark: _Toc36026609][bookmark: _Toc45107448][bookmark: _Toc51774117][bookmark: _Toc106014808]6.4.1.4.3	Mapping to physical resources
[…]
The frequency-domain starting position  is defined by

where 

and
[…]



Reusing this design, we can avoid adding a new RRC parameter for selecting the number of comb offsets. We think the reuse of this behavior should be considered. 

Proposal 2-2
· Support the implicit configuration of the number of comb offsets based on  as in Rel-17


2.2 Port distribution across multiple OFDM symbols
For single 8-port SRS resource in an SRS resource set with usage of ‘codebook’ and ‘antennaSwitching’, RAN1 agreed mapping of 8 ports onto m OFDM symbols, where different SRS ports are mapped onto different OFDM symbols (i.e., TDM). The latest status is as follows:: 

	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, support the 8 ports equally partitioned into s subsets with each subset having 8/s different ports.
· At least s = 2. 
· FFS: s = 4, s = 8.
· m = 2,4,8, 10,12,14, and m is a multiple of s.
· Each of the m OFDM symbols has only one subset. Reuse the existing resource mapping designed for 8/s ports on each OFDM symbol.
· Including frequency-domain resource allocation and mapping to cyclic shifts. FFS port indexing within the subset of 8/s ports.
· FFS: down selection from existing resource mapping designs
· FFS: which subset of 8/s ports are mapped onto each OFDM symbol.
· FFS: the TDM factor s is configured as an explicit RRC parameter or determined implicitly from other parameters. 
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 ≥ 2, the m OFDM symbols are adjacent, and select one of the following options regarding the TDM pattern:
· Option 2-1: the s subsets of ports are mapped cyclically as {1, 2, …, s,1, 2, …, s} on the m OFDM symbols.
· Option 2-2: the s subsets of ports are mapped sequentially as {1, …, 1, 2, …, 2, s, …, s} on the m OFDM symbols.




The upper agreement has a few FFS points. For TDM factor s, while we do not have strong opinion, we see it not essential. Having s = 2 achieves reusing the legacy 4-port SRS already. Given 8Tx capable UE is considered here, s = 2 seems sufficient. This direction can reduce the number of remaining issues, e.g., TDM factor configuration method, as captured in the last FFS in the upper agreement. 

For port indexing order within one subset and subset mapping order, we believe a simple way (e.g., ascending order from 0 to 3 at a set and 4 to 7 at another set in case of s = 2) would be sufficient. 

As for resource mapping design, the lower agreement captures two directions, both of which seem work fine in our view. If we achieve coverage extension by repetitions, option 2-2 may be slightly easier from receiver implementation perspective. Meanwhile, option 2-2 may also have benefits of earlier decoding as all the ports can be sounded earlier. Although we do not have a strong view, considering earlier decoding might be a bit more beneficial, our slight preference is option 2-1. 

Proposal 2-3
· Not support any additional value for TDM factor s
· Support Option 2-2 for TDM pattern, i.e., the subsets of ports are mapped cyclically as {1, 2, …, s, 1, 2, …, s}

3. SRS enhancement for TDD CJT
3.1 Hopping of comb offset and/or cyclic shift offset
For SRS transmission for CJT operation, a need of interference mitigation has been argued. There are currently two types of mitigation technique, comb offset hopping and cyclic shift hopping. At the last RAN1 meeting, RAN1 reached the following agreements: 

	Agreement
For SRS interference randomization, support:
· Opt. 3: Both cyclic shift hopping and comb offset hopping. 
· At least the two features can be separately configured
· FFS: Combined cyclic shift hopping and comb offset hopping for a UE
· FFS: Separate or combined with SRS sequence group hopping / sequence hopping 
· FFS: Associated UE capability

Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port, the hopping pattern is determined based on the pseudo-random sequence c(i), initialized with one of the following IDs.
· Option 1: Reuse the SRS sequence identity .
· Option 2: Introduce new ID(s).
· FFS: the value range, one new ID or two separate new IDs, default ID(s)




For whether to support combined CS hopping and comb offset hopping, we assume the support of such a combination would also be separate UE capability. If it is supported, NW needs to consider four types of UEs, 1) UE supporting neither CS hopping nor comb offset hopping, 2) UE supporting CS hopping only, 3) UE supporting comb offset hopping only, and 4) UE supporting both. We assume multiplexing of UEs with different supports would be quite difficult, and thus, only a part of UEs (e.g., only UEs with a support type from the four above) would be configured with this functionality. In this case, the real benefit of the whole feature would not be quite small. To avoid such capability fragmentation, we believe the combined hopping should not be supported. 

For hopping initialization parameter, we support option 2, because the existing SRS sequence identity is used to mitigate inter-cell interference, where NW may spend almost all the value ranges for legacy purpose. In this case, within a cell, we may not be able to obtain sufficient gain of interference randomization between TRPs within a cell. 

Proposal 3-1
· Not support a combined hopping
· Support introducing new ID(s) for the purpose of hopping pattern initialization


3.2 TPC for CJT SRS
SRS transmission can be used to acquire DL CSI from each of the coherent TRPs. To minimize multi-user interference due to the SRS, TPC enhancement may be necessary as discussed in RAN1. The following options are the latest status: 

	Proposal 2.5C: For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, for an SRS resource set, down select one from the following options:
· Option 0 (For legacy TRP-specific SRS using multiple SRS resource sets; no enhancement in Rel-18):
· M (M >= 1) power control processes for M SRS resource sets where each of the M power control processes is based on a different UL power control parameter set (P0, alpha, and closed loop state) associated with a different DL pathloss RS
· Each of the M SRS resource sets is for one of the M TRPs. M is generally at most 2 per current standards.
· Option 1 (For TRP-common SRS using one SRS resource set):
· Same power control process for all SRS resources of an SRS resource set where the power control process is based on one P0 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 (For TRP-specific SRS using one SRS resource set):
· M (M >= 1) power control processes for the SRS resource set where each of the M power control processes is based on a different UL power control parameter set (P0, alpha, and closed loop state) associated with a different DL pathloss RS
· Different transmission occasions of the SRS resource can be towards different TRPs
· Only for P/SP SRS
· Option 3 (For TRP-common and/or TRP-specific SRS using one SRS resource set):
· M (M >= 1) power control processes for the SRS resource set where each of the M power control processes is based on one P0 value, one closed loop state, and jointly on N (N >= 1) DL pathloss RS(s) and/or N alphas, where N can be different for different power control processes
· A transmission occasion of the SRS resource can be towards N (i.e., one or multiple) TRP(s) based on which power control process is used
· FFS: Only for P/SP SRS or for P/SP/AP




Firstly, we are still not much sure whether the existing power control is really an issue in case of CJT operation or not. In our understanding, when a UE is operating with multiple TRPs CJT operation in practice, it is very preferable that the signal strength from different TRPs is similar. This eventually restricts the situation where UE is operating with multi-TRP itself. In this case, if an SRS resource from a UE is intended for CJT operation, we believe the received power of the SRS resource at coherent TRPs are similar as well. Thus, we see no strong need for power control enhancement for CJT. Having said this, we understand some issues may exist, especially when coherent TRPs are distributed. In this case an SRS resource, for which transmit power is controlled in the legacy manner, might be strongly interfering to a particular TRP. 

Another point is that, as per the conclusion in the last RAN1 meeting, Rel-18 NR doesn’t support any additional signalling for flexible SRS transmission (which is unfortunate to us though). Therefore, to achieve more benefits compared to Rel-17 (where MAC CE-based pathloss RS update is supported already), almost all of TPC enhancements discussed above would result in UE-side TPC determination from multiple set of TPC parameters. As it will cause additional UE implementation complexity, we believe too much candidate parameters should be avoided. 

In our understanding, the issue, if exists, basically comes from the difference of alpha and/or pathloss RS across TRPs. For P0, given only a single P0 is supported for PUSCH and PUCCH even in Rel-18, there seems no reason to assume multiple P0 for an SRS transmission. Multiple closed loop states might be beneficial, but it seems not essential in our view. Therefore, focusing on whether to support multi-set of alpha and/or pathloss RS seems sufficient, that is, option 1 above.

We would also like to note that this issue might easily be resolved by reusing Rel-17 unified TCI framework. Rel-17 uTCI is applicable to SRS with usage ‘antennaSwitching’, regardless of time domain behavior. As per 38.213, if followUnifiedTCIstateSRS is provided for SRS transmission, PL-RS, PO_SRS, alpha, and SRS power control adjustment state l follows the indicated TCI. We believe this approach resolves the issue raised for SRS transmit power for TDD CJT well. To minimize the specification effort and avoid duplicated functions, we support to focus on UEs not supporting unified TCI framework for TPC enhancement in TDD CJT scenario. 

Proposal 3-2
· For power control enhancements for TDD CJT SRS, if needed, option 1 is sufficient
· Same power control process for all SRS resources of an SRS resource set where the power control process is based on one P0 value and one closed loop state and jointly on more than one DL pathloss RS and/or more than one alpha
· Applicable to only UEs not capable of Rel-17 unified TCI framework 


4. Conclusion
In this contribution, we discussed SRS enhancement for 8TX UL transmission and M-TRP CJT in Rel-18 MIMO. Based on the discussion, we made following proposals.

SRS enhancement for 8TX UL transmission
Proposal 2-1
· Define combinations of {cyclic shift value, comb offset index} as follows:
· For comb 2 with 1 comb offset, {, , , , , , , } for comb offset 
· For comb 2 with 2 comb offsets, , , , , for comb offset  and for comb offset 
· For comb 4 with 2 comb offsets, , , , , for comb offset  and for comb offset ;
· For comb 4 with 4 comb offsets (if confirmed), , , for comb offset , , , and 
· For comb 8 with 4 comb offsets, , , for comb offset , , , and 

Proposal 2-2
· Support the implicit configuration of the number of comb offsets based on  as in Rel-17

Proposal 2-3
· Not support any additional value for TDM factor s
· Support Option 2-2 for TDM pattern, i.e., the subsets of ports are mapped cyclically as {1, 2, …, s, 1, 2, …, s}


SRS enhancement for TDD CJT
Proposal 3-1
· Not support a combined hopping
· Support introducing new ID(s) for the purpose of hopping pattern initialization

Proposal 3-2
· For power control enhancements for TDD CJT SRS, if needed, option 1 is sufficient
· Same power control process for all SRS resources of an SRS resource set where the power control process is based on one P0 value and one closed loop state and jointly on more than one DL pathloss RS and/or more than one alpha
· Applicable to only UEs not capable of Rel-17 unified TCI framework 
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