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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’, the following were agreed: 
	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

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 non-TDMed schemes (repetition, frequency hopping, partial sounding, or a combination thereof), 
· Option 2: For comb 4, do not support 4 comb offsets.

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’, 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.




With above, the remaining issue is cyclic shift locations for 8 ports for =4 or 8, for which two options are captured as in the last agreement above. Given that option 2 (i.e., unaligned cyclic shift positions across the comb offsets) may achieves better PAPR performance with no significant problem, we think option 2 would be slightly better. Having said that, since both options can work, we do not have a strong opinion for this down-selection. 


Proposal 2-1
· For cyclic shift locations with comb 4 or comb 8, Option 2 (i.e., unaligned across the comb offsets) might be slightly better given its low-PAPR performance



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, 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’ 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.




Among a few FFS points in the first agreement, for TDM factor s, while we do not have strong opinion, we see it is 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 agreement. We also believe that this aspect should be resolved first since we expect it has some impacts on other FFS points. 

Proposal 2-2
· Not support other than 2 for s

Regarding the FFS in the last agreement, we think it would be good to clearly how to configure SRS resource with TDMed port allocation. In our understanding, the intention of the last agreement is that “the same set of subcarriers shall be used across m/s port groups (i.e., a whole set of 8 ports). This restriction makes much sense since the same condition should be considered for all the SRS ports to measure DL/UL CSI for 8-layer transmission. Here we would like to note that there is a very similar restriction applied with a legacy RRC parameter, that is, repetition factor R. The corresponding texts are copied below from TS38.214:  

	[bookmark: _Toc11352158][bookmark: _Toc20318048][bookmark: _Toc27299946][bookmark: _Toc29673220][bookmark: _Toc29673361][bookmark: _Toc29674354][bookmark: _Toc36645584][bookmark: _Toc45810633][bookmark: _Toc130409840]6.2.1.1	UE SRS frequency hopping procedure







For a given SRS resource, the UE is configured with repetition factor R∈{1,2,4} or R∈{1,2,3,4,5,6,7,8,10,12,14} by higher layer parameter resourceMapping in SRS-Resource where R≤Ns. When frequency hopping within an SRS resource in each slot is not configured (R=Ns), each of the antenna ports of the SRS resource in each slot is mapped in all the  symbols to the same set of subcarriers in the same set of PRBs. When frequency hopping within an SRS resource in each slot is configured without repetition (R=1), according to the SRS hopping parameters , and defined in clause 6.4.1.4 of [4, TS 38.211], each of the antenna ports of the SRS resource in each slot is mapped to different sets of subcarriers in each OFDM symbol, where the same transmission comb value is assumed for different sets of subcarriers. When both frequency hopping and repetition within an SRS resource in each slot are configured (Ns ≥ 4, R ≥ 2), each of the antenna ports of the SRS resource in each slot is mapped to the same set of subcarriers within each set of R adjacent OFDM symbols, and frequency hopping across the  sets is according to the SRS hopping parameters , and , where  should be divisible by .
[…]



As seen above, resource restrictions in R symbols is equivalent to what RAN1 agreed for SRS symbols for m/s port subsets. Based on above, we believe repetition factor R and the configuration of port subset(s) should not be orthogonal, i.e., port subset(s) configuration should consider legacy repetition factor configuration. 

One approach is to define that the number of port subsets is equal to R. In this case, frequency-domain resources for 1 set of TDMed SRS ports are always the same without imposing additional specification impacts since there is the same restriction across R symbols in legacy spec. Meanwhile, it means a set of TDMed SRS ports may not be repeated based on repetition factor. 

Another approach, which we think could be promising, is that instead of the first approach, to define the applicable number of port subsets so that R can be divisible by the number. With this, a set of port subsets can be repeated based on R configuration while the repetition number will be different from R. Then, per symbol, port/resource allocation basically follows the legacy specification considering that the number of ports per symbol can be up to four. For this purpose, a new RRC parameter which is used to divide R to determine the number of port subsets can be introduced. 

Proposal 2-3
· Support to decide the number of port subsets based on legacy repetition factor R, e.g., the number of port subsets is equal to R/x where x is an integer value configured by a new RRC parameter

Regarding the last FFS related to the combination with comb offset hopping, given that the hopping granularity is now flexible based on the configuration and the corresponding UE capabilities, we think it is ok to support the combination between comb offset hopping and 8-port SRS with TDM. The granularities available already (i.e., per OFDM symbol or per R OFDM symbols) seems sufficient. If we need to optimize, hopping per s OFDM symbols can also be considered additionally. 

Proposal 2-4
· Support joint configuration of comb offset hopping and 8-port SRS with TDM
· Additional granularity for comb offset hopping can be considered, e.g., per s OFDM symbols

There was also a discussion on available power for each of port subsets. One issue argued during the last e-meeting is that following the text below in TS38.213, SRS transmit power  might be equally divided across “all” the configured antenna ports for SRS. 
	[bookmark: _Toc12021449][bookmark: _Toc20311561][bookmark: _Toc26719386][bookmark: _Toc29894817][bookmark: _Toc29899116][bookmark: _Toc29899534][bookmark: _Toc29917271][bookmark: _Toc36498145][bookmark: _Toc45699171][bookmark: _Toc130394851]7.3	Sounding reference signals
[bookmark: _Hlk134722403]For SRS, a UE splits a linear value  of the transmit power  on active UL BWP  of carrier  of serving cell  equally across the configured antenna ports for SRS. 




We believe, in case of TDMed 8-port sounding, per-port SRS transmit power should be obtained by splitting  equally across the antenna ports in 1 OFDM symbol. Otherwise, there is no benefit for TDMed 8-port sounding. To our understanding, “the configured antenna ports” above means the number of ports configured for a SRS resource, which means 8 for 8-port SRS, irrespective of TDM or non-TDM. Based on this interpretation, the text above should be updated so that per-port transmit power in case of TDM is improved. 

Proposal 2-5
· Support to split SRS transmit power  equally across the antenna ports sounded in 1 OFDM symbol

Another discussion point is that whether/how to consider actual PA architectures for Tx power determination for each port subset. Since PA capable output power could be different in different Tx chain, once SRS ports are sounded in a TDM manner, per-symbol maximum output power could also be different in different OFDM symbols. 

Regarding this issue, we would like to point out that, for PUSCH, such a difference on maximum output power has been captured in RAN4 specification already. Therefore, we assume RAN4 can easily capture the difference even for SRS transmission in the specification (e.g., calculation of PCMAX by considering whether to support full-power mode). Given that, what RAN1 should do is to send an LS to RAN4 informing that in case of TDMed 8-port SRS, different Tx chains can be associated with different OFDM symbols, which results in different maximum output power, so that RAN4 can specify the difference in the specification once it is needed. We do not see a strong need for RAN1 to discuss specification impacts for this issue. 


Proposal 2-6
· Send an LS to RAN4 informing the following:
· When 8 SRS ports are TDMed, maximum output power for each port subset depends on PA implemented for the associated Tx chains
· PCMAX calculation should consider Tx chains associated with the sounded SRS ports in the OFDM symbol, which can be similar to what RAN4 specified for Rel-16 PUSCH with full-power mode

3. SRS enhancement for TDD CJT
3.1 Hopping of comb offset and/or cyclic shift offset
One remaining issue for comb offset hopping and cyclic shift hopping is when the hopping pattern is reinitialized, as captured in the following agreement: 

	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.




For sequency/group hopping in Rel-17, the pattern is reinitialized at the beginning of every radio frame. In our view, the same prinple can simply be reused for Rel-18 hopping schemes. 

Proposal 3-1
· (Re-)initialize hopping pattern at the beginning of each radio frame (i.e. N=1 as fixed value)


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
· For cyclic shift locations with comb 4 or comb 8, Option 2 (i.e., unaligned across the comb offsets) might be slightly better given its low-PAPR performance

Proposal 2-2
· Not support other than 2 for s

Proposal 2-3
· Support to decide the number of port subsets based on legacy repetition factor R, e.g., the number of port subsets is equal to R/x where x is an integer value configured by a new RRC parameter

Proposal 2-4
· Support joint configuration of comb offset hopping and 8-port SRS with TDM
· Additional granularity for comb offset hopping can be considered, e.g., per s OFDM symbols

Proposal 2-5
· Support to split SRS transmit power  equally across the antenna ports sounded in 1 OFDM symbol

Proposal 2-6
· Send an LS to RAN4 informing the following:
· When 8 SRS ports are TDMed, maximum output power for each port subset depends on PA implemented for the associated Tx chains
· PCMAX calculation should consider Tx chains associated with the sounded SRS ports in the OFDM symbol, which can be similar to what RAN4 specified for Rel-16 PUSCH with full-power mode


SRS enhancement for TDD CJT
Proposal 3-1
· (Re-)initialize hopping pattern at the beginning of each radio frame (i.e. N=1 as fixed value)
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