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Introduction
In the scope of Rel-18 MIMO enhancement, two aspects for SRS enhancement are included as follows.
	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.



The first topic is SRS capacity and/or interference randomization enhancement targeting TDD CJT and the other is 8 TX operation. In this contribution, we provide our view on the two topics for SRS enhancement.

Discussion
Enhancement for TDD CJT
In the last meeting, the following proposals were suggested by FL as a starting point for next meeting.
	Proposal 5: For cyclic shift hopping and comb offset hopping, down select from one of the following alternatives:
· Alternative 1: A SRS resource can be configured with both cyclic shift hopping and comb offset hopping at the same time.
· Alternative 2: A SRS resource can be configured with only one of cyclic shift hopping and comb offset hopping at a time.
Joint hopping combining both cyclic shift hopping and comb offset hopping:
Proposal 6: A SRS resource can be configured with the combined cyclic shift and comb offset hopping.



It was agreed to introduce comb offset and cyclic shift hopping for SRS interference randomization. The remaining issue is whether both hopping schemes can be configured for a SRS resource at the same time, or only one can be configured for a SRS resource at a time. In above Proposal 5, Alternative 1 may provide greater degrees of freedom, but it can also increase UE complexity. Moreover, sequence/group hopping is already being used for SRS interference randomization. In that sense, it is not necessary to use both cyclic shift hopping and comb offset hopping simultaneously to achieve better interference randomization. So, we support Alternative 2, which allows for only one of the cyclic shift hopping and comb offset hopping to be configured at a time. For the same reasons as in Proposal 5, we do not support the above Proposal 6.
Proposal #1: A SRS resource can be configured with only one of cyclic shift hopping and comb offset hopping at a time. 
Proposal #2: Do not support combined cyclic shift and comb offset hopping.

In the last meeting, the following agreement was made for comb offset hopping and/or cyclic shift hopping.
	Agreement
For SRS comb offset hopping and/or cyclic shift hopping, the time-domain hopping behavior depends on at least the slot index  within a radio frame and OFDM symbol index , and select at least one of the following options:
· Option 1: Within a slot, hopping based on the repetition factor  and symbol index that is the same across the R repetitions.
· Option 2: Within a slot, hopping based on only the symbol index .
· Option 3: No intra-slot hopping.
· FFS: Time domain hopping behaviour further depends on system frame number (SFN) .
· FFS:  reinitialization periodicity of N radio frames or reinitialization based on system frame number.
· FFS: Whether to adopt the same option(s) for comb offset hopping and cyclic shift hopping (if supported separately)
· FFS: At least support reinitialization at the beginning of each radio frame. 



Based on above options, we need to determine the time domain hopping behavior which includes time domain granularity and re-initialization periodicity. Since hopping based on option 2 occurs most often, it can be better than other options in terms of interference randomization. In addition, in case of Option 1, there could be an issue for multiplexing between SRSs having different R values, So option 2 has more flexibility for multi-SRS scheduling. Furthermore, PUCCH CS hopping is also based on symbol index, so it is simple to reuse it. For these reasons, we support Option 2, hopping based on symbol index .  Also, there was an opinion about re-initialization periodicity of N radio frames or re-initialization based on system frame number. Then re-initialization boundary must be matched between UEs to achieve proper interference randomization, but it becomes complicated when a new UE attaches to a cell. Since re-initialization is done at the beginning of each radio frame in legacy sequence/group hopping, we support re-initialization at the beginning of each radio frame.
Proposal #3: Support option 2, hopping based on only the symbol index .
Proposal #4: Support re-initialization at the beginning of each radio frame as legacy sequence/group hopping.

Enhancement for 8 TX operation
In the last meeting, the following proposal is suggested by FL as a starting point for next meeting’s discussion for SRS enhancement for 8Tx operation
	Port mapping to comb offsets and cyclic shifts:
Proposal 11: 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 offsets, determine the mapping from the ports to comb offsets as follows:
· If , select one of the options: 
Option 2-1: ports {1000, …, 1003} are mapped on the first comb offset, {1004, …, 1007} on the second comb offset.
Option 2-2: ports {1000, 1002, 1004, 1006} are mapped on the first comb offset, {1001, 1003, 1005, 1007} on the second comb offset 
Option 2-3: ports {1000, 1001, 1004, 1005} are mapped on the first comb offset, {1002,  1003, 1006, 1007} on the second comb offset
· If , select one of the options:
Option 4-1: ports {1000, 1001} are mapped on the first comb offset, {1002, 1003} on the second comb offset, {1004, 1005} are mapped on the third comb offset, and {1006, 1007} on the fourth comb offset.
Option 4-2: ports {1000, 1004} are mapped on the first comb offset, {1001, 1005} on the second comb offset, {1002, 1006} are mapped on the third comb offset, and {1003, 1007} on the fourth comb offset.



Several options for 8-port mapping on multiple comb offsets have been provided, as listed in the proposal above. In the legacy system, 4 ports are mapped to each comb offsets as follows.
	The cyclic shift  for antenna port  is given as 
,
where  is contained in the higher layer parameter transmissionComb. The maximum number of cyclic shifts  are given by Table 6.4.1.4.2-1.
The frequency-domain starting position  is defined by

where 



According to the above method, ports 1000 and 1002 are mapped on the first comb offest, and ports 1001 and 1003 are mapped on the second comb offest. Therefore, we think that it is reasonable to extend the legacy mapping method by supporting Option 2-2 and Option 4-2.
Proposal #5: Support Option 2-2 and Option 4-2.

In the last meeting, the following agreement was made for SRS 8 Tx operation.
	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.



When an SRS resource in a SRS resource set for ‘codebook’ is configured with 8 ports, it was agreed that different SRS ports can be mapped onto different m OFDM symbols. The remaining issue is whether the s subsets of ports are mapped cyclically or sequentially to m symbols. When the s subsets of ports are mapped sequentially on the m OFDM symbols, the first port subset is mapped to the front of the slot and the second port subset is mapped to the back of the slot. So it can be sensitive to channel aging thus cannot provide coherent channel estimation across 8 ports. Also, , if the value of m is larger than 2, the issue becomes more severe due to the increased time gap between the first port subset and the last port subset. Additionally, for option 2-2, if one subset in m symbols is dropped by collision with the other high priority UL channel/RS, 8 ports cannot be fully sounded. For these reasons, we support Option 2-1 where the s subsets of ports are mapped cyclically as {1, 2, …, s,1, 2, …, s} on the m OFDM symbols.
Proposal #6: Support Option 2-1, the s subsets of ports are mapped cyclically.

Conclusion
In this contribution, we discuss about SRS enhancement targeting TDD CJT and 8 TX operation. We provide the following proposals. 
Proposal #1: A SRS resource can be configured with only one of cyclic shift hopping and comb offset hopping at a time. 
Proposal #2: Do not support combined cyclic shift and comb offset hopping.
Proposal #3: Support option 2, hopping based on only the symbol index .
Proposal #4: Support re-initialization at the beginning of each radio frame as legacy sequence/group hopping.
Proposal #5: Support Option 2-2 and Option 4-2.
Proposal #6: Support Option 2-1, the s subsets of ports are mapped cyclically.
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