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Background
In RAN#94e, the working item to enhance both downlink and uplink MIMO operations in Rel-18 was agreed [1].
According to the WID, the following item needs to be studied, and if justified, specified:
· enhancement 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
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints the 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· SRS enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle Industrial devices
Remaining discussions
1.1. Collision handling for TDM-based 8Tx SRS
If the SRS resource is overlapped with a higher priority channel, partial dropping is supported in Rel-17. For example, the SRS resource is not transmitted on the overlapped symbol(s) and is transmitted on the non-overlapped symbol(s). However, for TDM-based SRS port mapping, a channel for 8 SRS ports is estimated by using consecutive 2 OFDM symbols. 
If the symbol-based dropping is applied to TDM-based SRS, there is a case that SRS with 0-3 SRS ports has different phase continuity from SRS with 4-7. Consequently, the SRI field indicates a SRS resource with 8 ports having different phase continuity as shown in Figure 1. 
[image: ]
Figure 1: Example case of partial dropping for TDM-based 8Tx SRS
In Figure 1, DCI on PDCCI schedules PUSCH transmission and indicates SRS resource #0. According to TS38.214, the indicated SRI is associated with the most recent transmission of SRS resource. However, SRS resource #0 with Port 0-3 is transmitted at different occasion from SRS resource #0 with Port 4-7, because dropping with other channel. For this reason, the indicated SRS resource #0 has 8 SRS ports having different phase continuity. If phase continuity is not kept within 8 SRS ports, the UE cannot precisely determine or optimize a spatial domain Tx filter associated with SRS resource #0, and the gNB cannot perform accurate channel sounding.
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…
[bookmark: _Hlk86172259]When only one SRS resource set is configured in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook', SRI and TPMI are given by the DCI fields of one SRS resource indicator and one Precoding information and number of layers in clause 7.3.1.1.2 and 7.3.1.1.3 of [5, TS 38.212] for DCI format 0_1 and 0_2 or given by srs-ResourceIndicator and precodingAndNumberOfLayers according to clause 6.1.2.3. The TPMI is used to indicate the precoder to be applied over the layers {0…ν-1} and that corresponds to the SRS resource selected by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the precoder to be applied over the layers {0…ν-1} and that corresponds to the SRS resource. The transmission precoder is selected from the uplink codebook that has a number of antenna ports equal to higher layer parameter nrofSRS-Ports in SRS-Config, as defined in Clause 6.3.1.5 of [4, TS 38.211]. When the UE is configured with the higher layer parameter txConfig set to 'codebook', the UE is configured with at least one SRS resource. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI.  




In RAN1-114 meeting, the following proposals were made:
	Proposal 3.3A: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully[/partially] coherent and a coherent port group spanning s OFDM symbols, 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, the UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}.
Proposal 3.3B: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully[/partially] coherent, 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 the first of the s OFDM symbols within a group of {1, 2, …, s} is dropped, the UE drops the SRS transmission on the second OFDM symbols within the group of {1, 2, …, s}.
· FFS: UE is not expected to be scheduled with a transmission that will cause only the second OFDM symbol within a group of {1,2,…,s} to be dropped.
Proposal 3.3C: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully[/partially] coherent, 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 one of the s OFDM symbols within a group of {1, 2, …, s} is dropped[, the associated PUSCH transmission (i.e., the SRS resource is identified by the SRI of the PUSCH), if any, does not assume “codebookSubset =
fullyAndPartialAndNonCoherent”].
Proposal 3.3D: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully[/partially] coherent, 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, the SRS cancellation timeline reuses the timeline defined for dynamic PDSCH canceling CG-PUSCH for a UE does not indicate the capability of partialCancellation, as in TS38.213 section 11.1.




However, for all proposals, there are demerits. For Proposal 3.3A, the remaining OFDM symbols within a group of {1,2} is dropped. However, it cannot solve an issue shown in Figure 1. Furthermore, for Proposal 3.3A and Proposal 3.3B, there is a timeline issue. For example, the UE cannot drop the transmitted SRS on the first OFDM symbol when the SRS transmission on the second OFDM symbol overlaps with other channels. For Proposal 3.3B, although scheduling restriction is introduced to avoid timeline issue, we don’t prefer to restrict higher priority channel. For Proposal 3.3D, the non-overlapped SRS transmission on the first OFDM symbol can be dropped when the SRS transmission on the second OFDM symbol overlaps with other channel, if dropping occurs after cancellation preparation time (i.e., Tproc,2). If dropping occurs before cancellation preparation time, the same timeline issue remains.
This collision problem is happened when the SRS resource does not transmit on consecutive 2 OFDM symbols. When the SRS resource transmits on non-consecutive multiple OFDM symbols, the phase continuity cannot be kept within the SRS resource. In our view, this has negative impacts on only the UE side. This does not have negative impacts on the gNB side, because the gNB can ignore the SRS reception (i.e., skip channel sounding).
Therefore, we think that the UE should ignore the SRS transmission (i.e., the UE should assume that the SRS resource has not been transmitted) if the SRS resource is not transmitted on at least consecutive two OFDM symbols. In other words, even when the SRS resource is transmitted on non-consecutive multiple OFDM symbols, and this SRS resource indicated by SRI, the UE should not identify this SRS resource as the most recent transmitted SRS resource. Namely, although the partially-dropped SRS resource is transmitted on the non-consecutive OFDM symbols, this SRS resource is not used after transmission.
Proposal 1: For TDM-based 8Tx SRS transmission, the UE should assume that the SRS resource has not been transmitted if the SRS resource is transmitted on non-consecutive OFDM symbols.
TP#1
Proposal 2: The following TP should be adopted in TS38.214:
	[bookmark: _Toc11352157][bookmark: _Toc20318047][bookmark: _Toc27299945][bookmark: _Toc29673219][bookmark: _Toc29673360][bookmark: _Toc29674353][bookmark: _Toc36645583][bookmark: _Toc45810632][bookmark: _Toc130409839]6.2.1	UE sounding procedure
< Unchanged parts are omitted >
[bookmark: _Hlk523498144]In case a SRS resource with resourceType set as 'aperiodic' is triggered on the OFDM symbol(s) configured with periodic/semi-persistent SRS transmission, the UE shall transmit the aperiodic SRS resource and only the periodic/semi-persistent SRS symbol(s) overlapping within the symbol(s) are dropped, while the periodic/semi-persistent SRS symbol(s) that are not overlapped with the aperiodic SRS resource are transmitted. In case a SRS resource with resourceType set as 'semi-persistent' is triggered on the OFDM symbol(s) configured with periodic SRS transmission, the UE shall transmit the semi-persistent SRS resource and only the periodic SRS symbol(s) overlapping within the symbol(s) are dropped, while the periodic SRS symbol(s) that are not overlapped with the semi-persistent SRS resource are transmitted. 
When the higher layer parameter [tdm] is configured, the UE assumes that the SRS resource had not been transmitted when the partially-overlapped SRS resource is transmitted on non-consecutive OFDM symbol(s).
< Unchanged parts are omitted >




1.2. TDM-based 8Tx SRS with repetition
For TDM-based 8Tx SRS, the counter  for hopping is updated at every  as the following:
	TS38.211
[bookmark: _Toc19796474][bookmark: _Toc26459700][bookmark: _Toc29230350][bookmark: _Toc36026609][bookmark: _Toc45107448][bookmark: _Toc51774117][bookmark: _Toc106014808]6.4.1.4.3	Mapping to physical resources
…
If , frequency hopping is enabled and the frequency position indices  are defined by

where  is given by Table 6.4.1.4.3-1,


and where  regardless of the value of . The quantity  counts the number of SRS transmissions. For the case of an SRS resource configured as aperiodic by the higher-layer parameter resourceType, it is given by  within the slot in which the  symbol SRS resource is transmitted. The quantity  is given by  if the higher-layer parameter nrofSRS-Ports-n8 equals ‘ports8tdm’, otherwise . The quantity  is the repetition factor given by the field repetitionFactor if configured, otherwise .
.
For the case of an SRS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType, the SRS counter is given by





Likewise, in TS38.214, it should be specified that frequency position is hopped at every  symbols.
Proposal 3: For TDM-based 8Tx SRS, it should be specified in TS38.214 that frequency position is hopped at every  symbols.

TP#2
Proposal 4: The following TP should be adopted in TS38.214:
	[bookmark: _Toc11352158][bookmark: _Toc20318048][bookmark: _Toc27299946][bookmark: _Toc29673220][bookmark: _Toc29673361][bookmark: _Toc29674354][bookmark: _Toc36645584][bookmark: _Toc45810633][bookmark: _Toc122105190]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 Rs≤Ns. When frequency hopping within an SRS resource in each slot is not configured (Rs=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 (Rs=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 Rs adjacent OFDM symbols, and frequency hopping across the  sets is according to the SRS hopping parameters , and , where  should be divisible by .
< Unchanged parts are omitted >



Conclusion
In this contribution, we have the following proposal:
Proposal 1: For TDM-based 8Tx SRS transmission, the UE should assume that the SRS resource has not been transmitted if the SRS resource is transmitted on non-consecutive OFDM symbols.
Proposal 2: The following TP should be adopted in TS38.214:
Proposal 3: For TDM-based 8Tx SRS, it should be specified in TS38.214 that frequency position is hopped at every  symbols.
Proposal 4: The following TP should be adopted in TS38.214:
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