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1	Introduction
During RAN#94-e, a new WID for Rel-18 MIMO evolution for DL and UL was agreed [1]. Two objectives of the work item that concern SRS enhancements are:
4. Study, and if justified, specify enhancements of CSI acquisition for CJT 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.

[bookmark: _Ref178064866]2 	Discussion
In this contribution, we discuss SRS enhancements for TDD-CJT and 8 TX operation. Specifically, SRS enhancements targeting 8 TX transmissions are discussed in Section 2.1 and SRS enhancements targeting TDD CJT are discussed in Section 2.2. 
2.1	SRS for 8 Tx
2.1.1	Port numbering for SRS TDM
It was discussed in RAN1#113 how to split the SRS ports over subsets for an 8-port SRS resource configured with TDM. Some companies prefer that for the case when a partially-coherent 8 Tx precoder is used, SRS ports corresponding to different antenna-port groups are in different subsets whenever possible. However, an 8 Tx UE must be able to transmit SRS ports belonging to different antenna-port groups on the same OFDM symbol and SRS ports are orthogonal/separable even if antenna ports on the same OFDM symbol are non-coherent, hence we don’t see a strong motivation for such a split.
For SRS TDM, it has been agreed that within one subset of 4 ports, existing resource mapping for a 4-port SRS will be reused. To simplify such reuse, we propose the following:
[bookmark: _Ref142667484][bookmark: _Toc142694189]For SRS TDM, the first and second subset of SRS ports are {0, 1, 2, 3} and {4, 5, 6, 7}, respectively.
With Proposal 1, the first and second subset can use legacy resource-mapping formulas directly and after a modulo-4 operation, respectively.
2.1.2	Comb-offset/cyclic-shift hopping for SRS TDM
In RAN1#113, it was discussed whether comb-offset and/or cyclic-shift hopping should be supported for an 8-port SRS resource configured with TDM, or not. Clearly, the interference randomization provided by comb-offset and/or cyclic-shift hopping applies to an 8-port SRS resource configured with TDM as well, which motivates supporting comb-offset and/or cyclic-shift hopping combined with TDM. Furthermore, with Proposal 1, whatever comb-offset/cyclic-shift hopping formulas that are agreed for a 4-port SRS resource can be reused for the first and second subset directly and after a modulo-4 operation, respectively.
[bookmark: _Toc142694190]Comb-offset/cyclic-shift hopping is supported for an 8-port SRS resource configured with TDM. Within each subset of ports, the hopping pattern is the same as for a 4-port SRS resource configured with comb-offset/cyclic-shift hopping.
This implies that the time-domain hopping behavior for cyclic-shift hopping depends on the OFDM symbol index, and that the time-domain hopping behavior for comb-offset hopping depends on the OFDM symbol index or on the index of the first OFDM symbol within a set of  repeated OFDM symbols, depending on UE capability signaling.
2.1.3	Collision handling for SRS TDM 
In RAN1#112-bis-e, the following agreement was reached:
Agreement (RAN1#112-bis-e)
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and with TDM factor , when the s subsets of ports are mapped onto  OFDM symbols in a slot according to the pattern {{1, 2, …, }, …, {1, 2, …, }} (totally  groups of {1, 2, …, }), and when the SRS transmission on a subset of the  OFDM symbols within a group of {1, 2, …, } 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, …, }, 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 legacy NR, when an SRS resource spanning multiple OFDM symbols collides with a PUCCH, the SRS is dropped only in the OFDM symbols that overlap with the PUCCH. For SRS TDM, where different OFDM symbols carries different SRS ports, an open question, as understood from the above agreement, is whether to drop additional SRS symbols (e.g., the rest of the SRS symbols within the same subset or all SRS symbols over both subsets), and it is being discussed whether such dropping of additional SRS symbols should depend on, e.g., the usage (i.e., ‘antennaSwitching’ or ‘codebook’) of the SRS resource set that the SRS resource belongs to, or on the coherency of the UE. 
In our view, such dropping of additional SRS symbols is not preferred, as will be discussed next.
For usage ‘antennaSwitching’, gNB will have compute the channel estimate based on the non-dropped SRS symbols. In this case, dropping additional SRS symbols will result in worse CSI at the gNB. For usage ‘codebook’, if UE is configured with NC or PC (depending on port numbering for SRS TDM) precoding, NW could indicate an UL precoder for which non-zero PUSCH port are mapped only to non-dropped SRS ports. In this case, dropping additional SRS symbols will again result in worse CSI at the gNB. If UE is configured with FC precoding, on the other hand, the situation is more complicated as the gNB need to select an UL precoder that maps to all of the SRS ports, including some of which that have been dropped and it is not clear whether coherency can be maintained across SRS ports in this case. However, dropping additional symbols in the same subset does not solve this issue, as gNB would then have to select an 8-port precoder based on a 4-port SRS transmission. Dropping all SRS symbols in both subsets would force the gNB to trigger a new SRS transmission, which increases UL overhead.
Furthermore, an SRS resource may be shared over SRS resource sets with different usages. Hence, dropping based on usage and/or coherency could result in undefined behavior for an SRS resource belonging to two SRS resource sets with different usages.
Based on the above, we propose: 
[bookmark: _Toc142694191]Support legacy (symbol-wise) dropping rules for SRS TDM.
2.2	SRS for TDD CJT
2.2.1	Subset restriction for comb-offset/cyclic-shift hopping
In RAN1#113, the following was agreed:
Agreement (RAN1#113)
Support configuring a subset of comb offsets when comb offset hopping is configured, and configuring a subset of cyclic shifts when cyclic shift hopping is configured.
· The subset configuration applies to all the port(s) in the SRS resource, and all the port(s) in the SRS resource has (have) the same hopping offset value  on an OFDM symbol.
· This is a UE-optional feature.

An open question is how to configure the subset for comb-offset/cyclic-shift hopping, and which comb offsets/cyclic shifts that should be in the subset based on the configuration. 
In our view, the main reason for restricting the hopping to a subset is to enable co-scheduling of legacy UEs on a shared set of RBs. Therefore, in what follows, we demonstrate, for the case of transmission comb 2 for which there are 8 possible cyclic shifts, how co-scheduling of cyclic-shift-hopping SRS resources with a legacy 4-port SRS resource (that occupies 4 cyclic shifts on the same comb offset, according to legacy port mapping, as shown in Figure 1) can be supported.
[image: ]
[bookmark: _Ref127567531]Figure 1	Legacy 4-port SRS resource (RRC-configured with comb offset 0 and CS 0) over multiple transmission occasions. The mapping from SRS ports to CSs and comb offsets does not vary over time.
In Figure 2, we show an example of cyclic-shift hopping on a subset of cyclic shifts for which co-scheduling with legacy UE(s) is possible. Specifically, collisions can be avoided by restricting the cyclic-shift hopping to a predetermined subset of the available cyclic shifts per comb offset. Here, SRS ports 0—3 can belong to a single 4-port SRS resource, two different 2-port SRS resources, or four different 1-port SRS resources.     
[image: ]
[bookmark: _Ref127567716]Figure 2	SRS resource configured with CS hopping (over 4 CSs), co-scheduled with legacy SRS resource on or same comb offset.
To avoid collisions, the set of cyclic shifts and/or comb offsets over which the hopping occurs and the hopping pattern within the set of cyclic shifts and/or comb offsets must be NW-configured. In legacy NR, the cyclic shifts and comb offsets spanned by an SRS resource, and the mapping from SRS ports to these cyclic shifts and comb offsets is configured by RRC parameters combOffset and cyclicShift. These parameters can be reused to determine the subset of cyclic shifts and/or comb offsets also for the hopping scheme. 
For example, in the above examples, to support SRS resources in orthogonal subsets, the legacy 4-port SRS resource is RRC configured with cyclic shift 0 and comb offset 0 and the cyclic-shift-hopping 4-port SRS resource (in the bottom part of the figure) is configured with cyclic shift 1 and comb offset 0.
Note that to support hopping for SRS resources with fewer ports than the cardinality of the configured subset, the starting position of the hopping pattern within the subset can also be configured by RRC parameters combOffset and cyclicShift. For example, the SRS ports 0—3 could correspond to four different 1-port SRS resources configured with comb offset 0 and cyclic shift 1, 3, 5, and 7, respectively.
Based on the above, we propose: 
[bookmark: _Toc142694192]The subset of cyclic shifts and/or comb offsets, and the starting position of the hopping pattern within the subset is configured by legacy parameters cyclicShift and combOffset.
With cyclic-shift hopping for , the subset of cyclic shifts is {, , , }, where  is the RRC-configured cyclic shift determined by the legacy parameter cyclicShift. Here  for  and  for . For example, for  and , the subset is {1, 3, 5, 7}, which agrees with the above.
With comb-offset hopping for  and  (subset restriction not applicable for  as the comb-offset hopping must be over, at least, two comb offsets), the subset is {, } and {, , }, respectively. Here,  is the RRC-configured comb offset determined by the legacy parameter combOffset.
The cyclic-shift/comb-offset schemes maps SRS ports to the cyclic shifts/comb offsets within these subset(s) according to a predefined/pseudo-random hopping pattern.
2.2.2	Finer-granularity cyclic-shift hopping
In RAN1#113, it was agreed to support finer-granularity cyclic-shift hopping:
Agreement (RAN1#113)
For SRS cyclic shift hopping, support finer time-delay-domain granularity, e.g., , where  can be randomly chosen from  at each SRS transmission.
· Note: The finer granularity above only applies to the cyclic shift offsets when cyclic shift hopping is enabled.
If a subset for cyclic shifts is configured, this feature cannot be configured.
Above is a UE optional feature.

An open question is what value(s) of  that should be supported. A larger value of  results in a smaller minimum separation between cyclic shifts. In particular, for transmission comb 8 (for which ) and with 30 kHz subcarrier spacing, the minimum separation is 347 ns and 174 ns for  and , respectively. For channels with a delay spread that is larger than this minimum separation, this scheme would cause interference between SRS ports.
For simplicity, we prefer that the supported value of  is fixed and does not depend on the transmission comb (the minimum separation is inversely proportional to the transmission). Furthermore, to maximize robustness towards delay spread, we prefer to keep the value of  as small as possible.
[bookmark: _Toc142694193]For finer-granularity cyclic-shift hopping, support fixed value of .
3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	For SRS TDM, the first and second subset of SRS ports are {0, 1, 2, 3} and {4, 5, 6, 7}, respectively.
Proposal 2	Comb-offset/cyclic-shift hopping is supported for an 8-port SRS resource configured with TDM. Within each subset of ports, the hopping pattern is the same as for a 4-port SRS resource configured with comb-offset/cyclic-shift hopping.
Proposal 3	Support legacy (symbol-wise) dropping rules for SRS TDM.
Proposal 4	The subset of cyclic shifts and/or comb offsets, and the starting position of the hopping pattern within the subset is configured by legacy parameters cyclicShift and combOffset.
Proposal 5	For finer-granularity cyclic-shift hopping, support fixed value of .
[bookmark: _In-sequence_SDU_delivery]
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