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Introduction
In the scope of Rel-18 MIMO enhancement, two aspects for SRS enhancement are included as follows [1].
	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 TDD system, gNB may acquire the precoding matrix for DL transmission based on SRS from a UE. For this purpose, gNB may configure the UE with SRS resource set in which usage is configured as antennSwitching. From the UL measurement from SRS, gNB may determine DL precoder and can transmit precoded CSI-RS(s) for  RI/CQI report from the UE, e.g., based on CSI-ReportConfig in which reportQuantity is configured as cri-RI-CQI. Consequently, gNB can perform the appropriate data scheduling for the UE based on the precoding matrix and the reported CSI. Above procedure can well be used for the acquisition of the CSI acquisition in single or multi-TRP scenario. From SRS transmission perspective from UE side, ‘TRP’ would be transparent. It only requires information related to UL power control and spatial relation RS (for BM in FR2) for the SRS and doesn’t need to know which TRP would receive which SRS. In this regard, it is unclear which enhancement is exactly needed for CJT inter-TRP cross-SRS interference mitigation, management or measurement. Also, as mentioned above, specification-wise definition of TRP-specific SRS doesn’t exist since the configuration of SRS toward a specific TRP is specification transparent. So, it should be investigated how to support TRP-specific SRS for CJT TRP combination in specification transparent way or non-transparent way. It should be noted that there is a constraint in the WID of Rel-18 MIMO which is not to consuming additional resources for SRS. In the current specification, up to 2 SRS resource sets for different time domain behavior is allowed when the SRS is configured as antennaSwitching for a normal NR UE (which has no UE capability of Rel-17 SRS). From that perspective, an SRS resource set (with antenna Switching) needs to be sounded for multiple CJT TRPs with appropriate enhancements. For example, more than 1 TCI state/spatialRelationInfo can be configured for a periodic or semi-persistent SRS resource of SRS resource set for antennaSwitching, and more than 1 power control parameter set can be configured for an SRS resource set for antennaSwitching. In this case, for each transmission instance of the SRS resource set, UL beam/power control can be switched in time domain in order to sound toward up to 4 C-JT TRPs.
Proposal #1: In order to support TRP-specific SRS without consuming additional resources for SRS for antennaSwitching, multiple UL beams/power control parameter sets can be configured for a periodic or semi-persistent SRS resource (set) for antennaSwitching.

In previous meetings, the following agreements had been made.
	Agreement 
Study the following for SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS interference randomization and/or capacity enhancement
· Randomized frequency-domain resource mapping for SRS transmission
· E.g., further enhancements to frequency hopping, comb hopping
· Randomized code-domain resource mapping for SRS transmission
· E.g., cyclic shift hopping/randomization, sequence hopping/randomization, per-hop sequence from a long SRS sequence
· Randomized transmission of SRS
· E.g., pseudo-random muting of SRS transmission for periodic and semi-persistent SRS
· Per-TRP power control and/or power control of one SRS towards to multiple TRPs
· SRS TD OCC
· Increasing the maximum number of cyclic shifts 
· E.g., multiplying mask sequence to the legacy SRS sequence to effectively increase the maximum cyclic shifts
· Precoded SRS for DL CSI acquisition
· Enhanced signaling for flexible SRS transmission
· E.g., dynamic update of SRS parameters
· Partial frequency sounding extensions
· E.g., larger partial frequency sounding factor, starting RB location hopping enhancements, partial frequency hopping on other bandwidths corresponding to , besides the last bandwidth 
· Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment
· E.g., configuration of  (sequence index within a group) per SRS resource
· E.g., configuration of cyclic shift per SRS port per SRS resource.
· Resource mapping for SRS transmission based on network-provided parameters or system parameters
· E.g., SRS resource mapping based on network-provided parameters (e.g., configurable indexes) or system parameters (e.g., slot index)
Note: PAPR performance and maintaining DFT waveform property should be considered when deciding the enhancement for Rel-18.

Agreement 
Consider the scenario where there exists SRSs sent by a UE and utilized by multiple TRPs for channel estimation, and the pathlosses between the UE and the TRPs differ by at least x dB in Rel-18 SRS study
· x can be {3,6,10}, and other values can be used.

Agreement
For Rel-18 reference signal enhancements, support and specify the following features (the agreed WID scopes apply):
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization;
RAN1 should strive to minimize the number of schemes supported in Rel-18
· SRS enhancements to enable 8 Tx UL operation and 8T8R SRS for DL operation.
Target usage includes antenna switching, codebook/non-codebook based SRS



In the last meeting, it was agreed to support SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization. For SRS interference randomization, variety of frequency/time/code-domain SRS interference randomization skills had been discussed and captured to be studied. In our view, randomized frequency-domain resource mapping, randomized code-domain resource mapping, and randomized transmission of SRS are more suitable for non-ideal backhaul case wherein tight interference coordination of multiple TRPs is not possible. For CJT transmission, ideal backhaul between TRPs with tight coordination of SRS resource allocation should be assumed. Therefore, such approaches are not fit into this WID objective. In ideal backhaul cases, inter-TRP inference can usually be handled by NW scheduling coordination. It should also be noted that there are two restrictions in the WID of Rel-18 MIMO, 1) reuse existing SRS comb structure, and 2) without new SRS root sequences. Furthermore, current specification supports quasi-orthogonal SRS by configurable sequence initialization (i.e., virtual cell ID) per SRS resource. So, it should be clarified which aspect needs to be enhanced and why the current specification is not sufficient.
For SRS capacity enhancement, if specification provides sufficient number of orthogonal SRS resources, each TRP can assign orthogonal SRS for CJT. Thus, the only aspect that might cause a problem for UL/DL channel estimation from SRS is the deficiency of the number of orthogonal SRS resources. During the Rel-17 SRS enhancement discussion, many schemes for SRS capacity enhancement were discussed. In Rel-17, enhanced schemes such as larger comb value and partial frequency sounding were introduced as a result of the discussion. If a UE supports Rel-17 SRS transmission, it can be used for single TRP or multi-TRP transmission in TDD system in a UE transparent manner. So, the need of any further capacity enhancement is not clear.
Proposal #2: Prefer not to support SRS interference randomization for C-JT and further study SRS capacity enhancement for Rel-18 SRS enhancement. 

In our view, if sufficient SRS capacity is guaranteed, SRS interference problem can be resolved. Also, dynamic update of SRS parameters can be useful for interference avoidance since gNB can instantly prevent inter-UE SRS collision with dynamic update of SRS location/bandwidth. For example, in the current specification, sounding bandwidth can only be configured by RRC signaling per SRS resource so multiple SRS resource configuration is required to support dynamic switching of sounding band. Dynamic indication of SRS band may require additional DCI bits. If we’d like to avoid this issue, it is considerable to align SRS band with PUSCH and/or PDSCH band. This approach has a clear benefit to reuse former sounded/scheduled bandwidth with good channel quality and to avoid multi-UE SRS collision based on the multi-UE PUSCH/PDSCH multiplexing. This can be realized by reusing PUSCH/PDSCH FDRA field in the SRS triggering DCI for SRS bandwidth. Furthermore, for RB-level partial sounding(RPFS), as we discussed in Rel-17 SRS enhancement dynamic indication of RPFS parameters such as start RB index can be easily considered, too.
Proposal #3: Dynamic update of SRS parameters can be considered to avoid inter-UE SRS collision.

Enhancement for 8 TX operation
In the last meeting, the following agreements were made for SRS 8 Tx operation.
	Agreement
For 8 Tx SRS, at least support
· 8 ports in 1 SRS resource for ‘antennaSwitching’;
· FFS 8 ports in one or multiple SRS resources for ‘codebook’ 
Above does not imply support for 8 ports in one or multiple OFDM symbols

Agreement
For the maximum number of SRS resource sets for SRS with 8T8R with ‘antennaSwitching’, keep the existing value of the maximum number of SRS resource sets (as provided in Rel-17 antenna switching nTnR)

Agreement
For an 8-port SRS resource in an SRS resource set with usage antennaSwitching (i.e., for 8T8R antenna switching), the 8-port SRS resource is transmitted in at least one OFDM symbol.
FFS: the resource transmitted in multiple OFDM symbols where different ports are mapped to different symbols.

Agreement
For SRS resource set(s) with usage ‘nonCodebook’ support 8 1-port SRS resources in one or multiple OFDM symbols. 
· Note: The maximum number of simultaneous SRS resources is determined via UE-capability signalling.



· Codebook based UL transmission
Regarding SRS for codebook, it should be firstly discussed whether 8 ports are supported in one or multiple SRS resources and whether 8 ports are supported in one or multiple OFDM symbols. For the first issue, the issue of taking 8 ports in one resource v.s. in two resources is technically equivalent to the latter issue on whether to use frequency domain v.s. time domain for 8 ports multiplexing. In order to focus on the latter issue, since 8 ports in one resource was already agreed in SRS resource for antenna switching, we support 8 ports in one resource for codebook, for the consistency. For the latter issue, two multiplexing approaches can be considered as we mentioned above. One is to use time domain multiplexing such as TDM or TD-OCC in multiple OFDM symbols, and the other is to use frequency domain multiplexing such as CS with FDM in one OFDM symbol. 

	Approach
	Pros & Cons

	T-domain
(TDM
or TD-OCC)
	Pros: Higher port density than F-domain approaches
Cons: Vulnerable to the impairment such as phase coherency or phase noise as well as large Doppler spread channel

	F-domain (CS with FDM)
	Pros: Resistant to the impairment such as phase coherency or phase noise as well as large Doppler spread channel
Cons: Lower port density, vulnerable to the large delay spread channel. 



In addition to above, the performance of port multiplexing based on TDM or TD-OCC could be more sensitive to channel variation between adjacent symbols compared to F-domain approaches so this would be related to target channel environment of 8Tx operation. For TD-OCC, multi-symbol based sequence/group hopping may be needed to prevent hopping between two symbols of same port. Based on the above analysis, we provide the following proposal. 
Proposal #4: Support 8 ports in one SRS resource in SRS resource set for codebook
· Consider TDM/TD-OCC or CS with FDM for 8 port SRS transmission.

· Non-codebook based UL transmission
In the last meeting, following agreement regarding SRS configuration for non-codebook UL transmission was made in agenda 9.1.4.2.
	Agreement
For SRS configuration for non-codebook UL transmission for an 8TX UE, down-select from
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
· Alt2: Up to two SRS resource sets, each configured with up to 4 single-port SRS resources
· Alt3: Support both alternatives. 



In Alt1, the potential specification impact is to define more SRS resources and corresponding SRI indication. It is straight forward approach and very flexible method to indicate up to 8 layer for non-codebook based UL transmission. The maximum number of combinatorial number can be 255. Then, the bit-width can be bits. So, bit-map indication can be considered instead of combinatorial number indication. Note that in case of 4 Tx, the maximum combinatorial number can be 15 and its corresponding bit width is 4 bits. 
Alt2 can be considered as reusing Rel-17 S-DCI based M-TRP PUSCH mechanism. In Rel-17, two SRI fields are introduced where each field corresponds to different SRS resource set and can schedule up to 4 layers. The potential specification impact of this alternative can be how to map multiple SRS resources in a single SRS resource set to two SRS resource sets used for M-TRP PUSCH transmission. Also, in M-TRP PUSCH Tx, it considers two sets of parameters for power control, SRS set indicator, PTRS, etc. Thus, it needs to study how to configure such parameter sets for 8 Tx non-codebook based UL transmission. 
Alt3 supports both Alt1 and Alt2. In our view, it is not preferred to support both alternatives which provide the same functionality. Based on the above discussion, Alt2 is slightly preferred as it may have less specification impact. 
[bookmark: _GoBack]Proposal #5. Consider Alt2 for SRS configuration of 8 Tx non-codebook based UL transmission. 

· Antenna switching
In the last meeting, it was agreed to support 8 ports in one SRS resource for antennaSwitching wherein the SRS resource is transmitted in at least one OFDM symbol. We think it is not needed to span 8 ports in one SRS resource to multiple OFDM symbols, since there was no such principle in the legacy antenna switching behavior. If UE is capable of 8 Tx transmission, 8 ports SRS resource can be sounded in one OFDM symbol, too.
Proposal #6: Support 8 ports SRS resource in one OFDM symbol for 8T8R configuration.
· Do not support the resource transmitted in multiple OFDM symbols where different ports are mapped to different symbols.

Conclusion
In this contribution, we discuss about SRS enhancement targeting TDD CJT and 8 TX operation. We provide the following proposals. 
Proposal #1: In order to support TRP-specific SRS without consuming additional resources for SRS for antennaSwitching, multiple UL beams/power control parameter sets can be configured for a periodic or semi-persistent SRS resource (set) for antennaSwitching.
Proposal #2: Prefer not to support SRS interference randomization for C-JT and further study SRS capacity enhancement for Rel-18 SRS enhancement. 
Proposal #3: Dynamic update of SRS parameters can be considered to avoid inter-UE SRS collision.
Proposal #4: Support 8 ports in one SRS resource in SRS resource set for codebook
· Consider TDM/TD-OCC or CS with FDM for 8 port SRS transmission.
Proposal #5. Consider Alt2 for SRS configuration of 8 Tx non-codebook based UL transmission. 
Proposal #6: Support 8 ports SRS resource in one OFDM symbol for 8T8R configuration.
· Do not support the resource transmitted in multiple OFDM symbols where different ports are mapped to different symbols.
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