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In Rel-18, enhancements on downlink MIMO that facilitate the use of large antenna array, for both FR1 and FR2, are needed to fulfil the demand for evolution of NR deployments. As coherent joint transmission (CJT) improves coverage and average throughput in commercial deployments with high-performance backhaul and synchronization, enhancement on CSI acquisition for FDD and TDD, targeting FR1, can be beneficial in expanding the utility of multi-TRP deployments. SRS enhancement targeting TDD coherent JT is agreed as part of MIMO enhancement, where the corresponding object is as highlighted as following in the approved WID [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


In Rel-18, it is important to identify and specify necessary enhancements for uplink MIMO. As advanced UEs (e.g. CPE, FWA, vehicle, industrial devices) become more relevant, introducing necessary enhancements to support 8 antenna ports as well as 4 and more layers for UL transmission can offer the needed improvement for UL coverage and average throughput. SRS enhancement for 8Tx is agreed as part of MIMO enhancement, where the corresponding object is as highlighted as following in the approved WID [1]: 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 provide our views on SRS enhancement targeting TDD CJT and 8 TX operation.
Discussion on SRS enhancement targeting TDD CJT
Scenario and UE antenna configuration for TDD CJT 
Based on Rel.18 MIMO WID, ideal backhaul and synchronization are assumed for CJT, with the maximum number of CSI-RS ports per CSI-RS resource not exceeding 32, similar to Rel. 17 specification. Based on CoMP discussion in LTE, three possible scenarios may be used for CJT as shown in Fig.1, as follows:
· Scenario 1: a homogeneous network with intra-site CJT by intra-site TRPs; 
· Scenario 2: a homogeneous network with high Tx power RRHs, where CJT is performed by TRPs from gNB and high Tx power RRHs; 
· Scenario 3: a heterogeneous network with low power RRHs and CJT is performed by TRPs from gNB and low Tx power RRHs, where RRH may have the same or different cell ID from the gNB.    


Fig.1 Possible scenarios for coherent joint transmission

For Rel. 18 CJT, SRS enhancement assuming intra-cell CJT with single DCI signaling should be prioritized. Moreover, from TRP cooperative transmission perspective, CJT can be categorized into two categories for discussion
Cat.1: Symmetric CJT with all TRPs/RRHs equipped with the same number of CSI-RS ports/CSI-RS configuration. This category is a good fit for homogeneous network models.
Cat.2: Asymmetric CJT with different TRPs/RRHs may be equipped with a different number of CSI-RS ports/CSI-RS configuration. This category is a good fit for heterogeneous network models.
In our opinion, the discussion on CJT should prioritize Cat.1, given the limited TU for this work item. Cat.2 can be discussed after the outline of Cat.1 is agreed, based on available time for discussion.
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For TDD system, SRS can be used to obtain downlink CSI by exploiting channel reciprocity. SRS based DL CSI acquisition scheme has the benefit of lower CSI feedback overhead and higher CSI precision, compared with quantized PMI feedback. For cell-edge UEs, the uplink SINR and channel quality could be too low to perform SRS-based channel measurement with sufficient resolution, especially for power-limited UEs. It is important for gNB to coordinate on SRS resources and manage inter-TRP cross-SRS interference. As mentioned in the Rel.18 MIMO WID, enhancement on CSI acquisition for CJT may support up to 4 TRPs. In general, the larger the number of TRPs involved in joint transmission, the more coordination is needed for cross SRS resources, leading to increased scheduling realization complexity and more SRS capacity requirement. Therefore, we assume SRS enhancement are made based on coordination between cross-SRS transmitted from up to 4 coordinated TRPs for interference mitigation. The cross-SRS coordination can be made between SRS resources or SRS resource sets from coordinated TRPs, which depends on actual interference mitigation schemes. For example, coordination can be made between SRS resource sets if transmission power is considered for coordination, where SRS power control is made based on SRS resource set according to legacy schemes. The actual coordinated SRS resource number or SRS resource set number is related with TRP number for coordination.  
Enhance SRS for CJT based on coordination between SRS resources or SRS resource sets from up to 4 TRPs for interference mitigation.
To support downlink CSI acquisition based on reciprocity in TDD deployments, the gNB may configure one or more SRS resource sets with usage “antennaSwitching”, where UE may have x Tx chains and y Rx chains, such as 1T1R, 1T2R, 1T4R, 1T6R, 1T8R, 2T2R, 2T4R, 2T6R, 2T8R, 4T4R, 4T8R, depending on capability. When UE does not support capability of full channel sounding (i.e., x is smaller than y), multiple SRS resources are transmitted with TDM for full channel sounding. This increases the sounding time and thus downlink CSI acquisition time. As CJT is more sensitive to channel estimation accuracy compared with other CoMP schemes, such as CS (coordinated scheduling)/CB (coordinated beamforming), the longer the downlink CSI acquisition time, the larger the expected impact on CJT performance. Therefore, we propose evaluating the performance impact caused by longer sounding time (e.g., more than two slots for SRS transmission for full CSI acquisition) when UE has more Rx chains than Tx chains.  
Study the performance impact caused by antenna switching when UE has more Rx chains than Tx chains.
In our opinion, SRS enhancement for CJT should not be limited to TDD systems with perfect UL-DL channel reciprocity, and should consider scenarios with partial UL-DL channel reciprocity. Note that partial UL-DL channel reciprocity may apply to TDD systems with Tx-Rx imbalance at either node, and/or FR1 FDD systems with small duplexing distance, as illustrated in Rel. 17 FeType-II port-selection codebook discussions [2]. While SRS signaling may not suffice to obtain high-resolution CSI estimates for CJT under partial channel reciprocity, it can help significantly reduce the CSI feedback overhead compared with pure CSI-RS based CSI acquisition. In light of that, SRS enhancement for CJT with partial channel reciprocity should be evaluated, where it should be specified only if benefits of the achieved throughput gain, CSI feedback overhead reduction, or CSI-RS overhead reduction, exceeds the cost of the additional SRS overhead. 
Study the potential gains/costs of SRS enhancement for CJT assuming partial UL-DL channel reciprocity.
Consideration on SRS enhancement for TDD CJT
For a UE that is associated with CJT transmission, i.e., CJT-based UE, the received SRS at the candidate TRPs for CJT, e.g., TRP1, TRP2, will be used to obtain channel estimates by the serving TRP, e.g. TRP1, and cooperative TRPs, e.g. TRP2. However, a concurrent SRS transmission from a neighboring UE to one of the candidate TRPs , e.g., TRP2, may use the same or overlapped time-frequency resources as the SRS resource for the CJT-based UE to say, TRP1, without any coordination. Under this setup, the estimated channel accuracy corresponding to the CJT-based UE will be degraded with respect to TRP2, especially if the neighboring UE is closer to TRP2 than the CJT-based UE is. Therefore, coordination can be performed for SRS resources from candidate TRPs to avoid/reduce mutual interference. 
For SRS resource coordination, the resource allocated to the CJT-based UE for SRS transmission should not be used to schedule SRS corresponding to the neighboring UE(s) whose serving node is one of the TRPs associated with CJT transmission to the CJT-based UE. The resource coordination can be made in time domain, frequency domain and CS domain. For time domain, specific OFDM symbols or slots can only be used for CJT-based UEs. For frequency domain, REs with specific Comb or PRBs can only be used for CJT-based UEs. For CS domain, different CS can be used for CJT-based UE and neighboring UE(s) for SRS transmission if the same base sequence can be used. The resource coordination on time/frequency/CS domain would lead to significant increase in SRS overhead, especially when the number of candidate TRPs is large, e.g., 3 or 4.
Candidate TRPs associated with CJT transmission need to coordinate on SRS resources in time/frequency/CS domain to reduce interference for CJT-based UEs.
In the Rel.18 MIMO WID, some constraints are made for SRS enhancement for TDD CJT, which include 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences. Therefore, SRS capacity enhancement has to comply with these restrictions, i.e. existing time/frequency/sequence resources in Rel.15/16/17 are assumed. In general, the less the number of UEs within a cell, the more symbols/slots (not exceeding maximum number symbols/slots by specification) can be configured for SRS transmission. Also, a large comb value can be configured for SRS transmission of some UEs. Since all OFDM symbols in one slot, and larger Comb value, e.g. 4, 8, can be used for SRS transmission based on NR Rel.17 specification, the shortage issue for SRS capacity is alleviated to some extent. Some schemes can be further considered for increasing SRS capacity or randomizing the interference. For example, OCC can be introduced in time/frequency domain for SRS resources for different UEs to increase SRS capacity. The basis sequence for SRS on overlapping time/frequency resources can be further optimized with selection for smaller interference.
Study schemes for increasing SRS capacity and/or randomizing interference.
Discussion on SRS enhancement for 8Tx UL operation
For CPE/FWA/vehicle/Industrial devices, 8 Tx UL operation will be studied and specified (if justified) to increase transmission efficiency and improve peak data rate in Rel.18, where more than 4 layers may be supported. As proposed in our another contribution [3], to support codebook based PUSCH transmission for 8Tx UE, one or two SRS resources with 8 SRS ports can be configured in the SRS resource set. Further, to support non-codebook base PUSCH transmission for 8Tx UE, up to 8 SRS resource with single SRS port can be configured in the SRS resource set for non-codebook.
In Rel.15, SRS resource with up to 4 SRS ports were specified, where different CS values and/or different comb offset are configured for different SRS port to ensure the orthogonality among different SRS ports. Further, the feature of partial frequency sounding was introduced in Rel. 17 to increase the SRS capacity for the low speed scenario. To support 8 SRS ports, it’s better to first investigate whether the total resources for SRS, including comb size, available number of cyclic shifts and partial frequency sounding factor can support 8Tx UL operation.
Study configuring SRS resource with 8 SRS ports by Rel-17 configuration methodology. 
Considering the fact that 8 orthogonal resources will be used for a SRS resource with 8 SRS ports, the total number of UEs supporting 8 SRS ports on the same PRB set in a cell is limited. For example, a total number of 48 orthogonal resources are available for SRS without configured partial frequency sounding, and up to six 8TX UE can be multiplexed on a same set of PRBs for UL sounding. Therefore, the SRS capacity to support 8 antenna ports UEs needs to be increased. 
Increase the capacity of SRS resource with 8 antenna ports.
In Rel-17, different SRS ports in a same SRS resources are differentiated by CDM or FDM manor. For example, different SRS ports are configured with different CS values (CDM) or different comb shifts (FDM). In NR Rel. 15, up to 8 DMRS ports are supported for DFT-s-OFDM PUSCH transmission with ZC sequences, and comb based structure is adopted as well for DMRS type 1, where FD-OCC and TD-OCC schemes are adopted. Therefore, FD-OCC and TD-OCC based methods can be considered and evaluated for SRS to further increase the SRS capacity with up to 8 SRS ports.
Study TD-OCC and/or FD-OCC to increase the SRS capacity with up to 8 SRS ports.
Conclusion
In this contribution document, we discussed our views on SRS enhancement targeting CJT scenarios, as well as 8Tx UL operation. Based on the discussion points in the document, we have the following proposals:
1. SRS enhancement for intra-cell CJT with single DCI is prioritized.
1. Enhance SRS for CJT based on coordination between SRS resources or SRS resource sets from up to 4 TRPs for interference mitigation.
1. Study the performance impact caused by antenna switching when UE has more Rx chains than Tx chains.
1. Study the potential gains/costs of SRS enhancement for CJT assuming partial UL-DL channel reciprocity.
1. Candidate TRPs associated with CJT transmission need to coordinate on SRS resources in time/frequency/CS domain to reduce interference for CJT-based UEs.
1. Study schemes for increasing SRS capacity and/or randomizing interference.
1. Study configuring SRS resource with 8 SRS ports by Rel-17 configuration methodology. 
1. Increase the capacity for SRS with 8 antenna ports.
1. Study TD-OCC and/or FD-OCC to increase the SRS capacity with up to 8 SRS ports.
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