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1 Introduction
In RAN#94, a new Rel-18 WID on MIMO evaluation for DL and UL was approved as in [1]. In such new WID, SRS enhancement for CJT are prioritized as essential feature(s) for 5G-Advanced; meanwhile, UL 8TX enhancement is also considered in Rel-18 MIMO evolution, then SRS enhancement for UL 8TX is also needed in Rel-18 MIMO evolution. In this contribution, we elaborate our initial views on SRS evolution for CJT and UL 8TX respectively. 
In [1], the following objective is identified for enhancement on SRS enhancement. 
	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.



2 SRS Enhancement for CJT
In this case, the UE transmits a SRS resource to multiple TRPs involved in downlink CJT transmission, then the gNB determines precoding for PDSCH/PDCCH with CJT transmission based on the received SRS resource. One UE transmits SRS to coordination cell besides for the serving cell. It requires SRS resources transmitted by different UEs in the area of serving TRP and coordination TRP should be orthogonal/quasi-orthogonal or not collided over a long time period. In other words, the motivation of this SRS enhancement for CJT is to guarantee that the SRS resources transmitted by UE in different TRPs should be orthogonal/quasi-orthogonal or not be strong interference to another over a long-term period. So the SRS capacity should be enhanced to keep orthogonality among SRS resources of different TRPs, and interference randomization can also be enhanced to avoid strong interference among SRS resources from different TRPs. We provides methods for the two enhancement in section 2.1 and 2.2, respectively. 
2.1 SRS capacity enhancement 
Regarding SRS capacity enhancement, there are three following candidates:
· To increase the total number of orthogonal SRS resources, TD-OCC can be adopted on SRS resource. 
· In coherent JT, as a typical requirement, there are similar receive power(s) (e.g., RSRP gap is less than 6 dB) for each of coordinated TRPs, and then with high probability, the UE may be a cell-edge one. Consequently, for SRS transmission, for improving coverage or channel estimation accuracy, SRS time-domain repetition may be needed, and as a result, it may cost some more SRS overhead.   
· So, in such case, UE-level TD-OCC can be used on the repetition symbols in order to improve the SRS capacity. That is, different OCC codes can be configured for different UEs performing repetition. Then for a K-symbol repetition, K UEs can be multiplexed in these symbols by using length-K OCC, which achieves same capacity as not using repetition. 
· Beam-formed SRS for DL CJT-CSI acquisition and NCB transmission can be adopted. 
· The UE determines a downlink CJT channel based on multiple CSI-RS resources each of which corresponds to one TRP. The UE operates SVD for the downlink CJT channel, then the UE uses U of the SVD result as transmitting precoding of the SRS. The gNB receives the beam formed SRS and determines downlink CJT precoding matrix based on the received SRS. The beam formed SRS doesn’t impact gNB to determine CJT precoding matrix because the transmitting beam of the SRS, i.e U is determined by multiple CSI-RS resources. The U is the received beams of downlink CJT transmission.  In addition, the beam-formed SRS can also reduce interference and has better coverage.  
· The beam of non codebook SRS also can be determined according to multiple CSI-RS resources. For example, the gNB configures multiple associated CSI-RS resources for a single NCB SRS set. 
· To support one SRS resource to be received by multiple coordinated TRPs simultaneously, the SRS power control enhancement should be considered. For example, the UE determines the Tx power of one single SRS resource, e.g., PL estimate, based on multiple downlink reference signals. 
Proposal 1: Regarding SRS capacity enhancement, following three candidates can be considered. 
· UE-level TD-OCC can be used on the time-domain repetition symbols
· Beam-formed SRS can be transmitted with a given UL precoding determined by  multiple CSI-RS resources each corresponding to one of CJT TRPs
·  For example, multiple CSI-RS resources can be configured for determining UL precoding of one SRS resource for antenna switching, or multiple associated CSI-RS can be configured for a single non codebook SRS resource set. 
· UL power control parameter (e.g., PL estimate) of one SRS resource can be determined based on multiple downlink reference resources each corresponding to one of CJT TRPs.
2.2 SRS randomization enhancement 
Regarding SRS interference randomization, if there are limited orthogonal resource, the collision or cross-SRS interference for inter-TRP/cell may not be precluded. So, the motivation of interference randomization is to avoid the continuous serious interference for each of measurement occasion, and consequently it can improve the transmission performance of coherent-JT UE. That is, we can consider the randomization for SRS transmission in terms of sequence, frequency and time domains. For instance, the following can be considered:
· In terms of SRS sequence generation, the initialization value (C_init) for generating SRS sequence can be updated along with slot index/SRS-counter. 
· Then, in terms of SRS frequency domain resource, frequency location (involving hopping pattern, partial frequency hopping pattern, and comb offset) can be also updated along with slot-index/SRS-counter. One example for randomization for SRS frequency hopping can be found in Figure 1.
· Besides, in order to achieve dynamic switching between CJT and STRP operation in a UE (for instance, a UE may fall back to STRP operation) and accommodate the case with both enhanced and legacy UE, we need to consider the dynamic switching between different modes for capacity enhancement and interference randomization by dynamically indicating for SRS related parameters.


Figure 1 SRS frequency hopping where the frequency domain position (i.e., offset) is hopped per frequency hopping period.
Proposal 2: For interference randomization, as a starting point, we can consider the randomization for SRS transmission in terms of sequence, frequency and time domains.
· Dynamic switching between modes for capacity/interference randomization and legacy one should be considered in order to accommodate the case with both enhanced and legacy UE while switching between CJT and STRP operation.
3 SRS enhancement for 8 TX UL operation 
Another SRS enhancement is related to 8 TX UL operation. Enhancement for the codebook SRS resource and the non codebook SRS resource should be both considered. 
3.1 Enhancement for codebook SRS resource 
In current specification, only up to 4 SRS ports in one SRS resource are supported. In order to enable the 8-Tx UL operation, there are two candidates to support 8 SRS ports for 8 TX UL codebook based transmission. 
· Option-1: As for non-codebook transmission, SRI can indicate more than one SRS resources, e.g., from the same or different SRS resource set. 
· In such case, SRS configuration can be very flexible and then should be suitable for enabling partial coherent 8TX transmission. Specifically, we may need study whether we need to consider some configuration restriction, such as two SRS resources should be located in a same OFDM/same slot and no DL gaps between the two SRS resources within a period. 
· Besides, the definition of TPMI also needs to be refined for letting one TPMI correspond one SRS resource group indicated by SRI.   
· Option-2: Increasing the number of SRS ports in one SRS resource, i.e one SRS resource should include up to 8 SRS ports.  Specifically, the following methods can be considered: 
· Candidate-A (CS-only): we may need to consider to increase the maximal CS(s) for each comb, especially for Comb-8.
· Candidate-B (CS + Comb offset): As what we did before, allocating more combs to one SRS resource can be considered 
· Candidate-C (CS + time offset): TDMed SRS ports in a single SRS resource (e.g., by different OFDM symbols)
· Candidate-C (CS+TD-OCC): we need to support TD-OCC across different SRS ports.
For sake of presentation, above candidates can be found in the Figure 2.


Figure 2 Solution for supporting 8-Tx SRS port in a single SRS resources: Candidate-A: CS only; Candidate-B: CS + comb offset; Candidate-C: CS + time offset; Candidate-D: CS + TD-OCC
 Proposal 3: Studying the following candidate solutions, regarding enhancement for codebook SRS resource in 8-TX UL operation
· Option-1: indicating SRS resource pair as NCB transmission 
· Option-2: increasing maximal number of SRS ports in one SRS codebook resource
3.2 Enhancement for non codebook SRS resource
For non-codebook based transmission to support up to 8-Tx, the number of SRS resources in an SRS set can be enhanced to 8. That would cause an 8-bit overhead of SRI field in DCI. In reality, such flexibility may not necessary. It may be possible to design SRI values with a lower overhead and can meet typical requirement, e.g., considering 8-Tx with more than one panel, like multiple panels/port groups in codebook based transmission. 
Proposal 4: Regarding non codebook transmission for 8-TX UL operation, the number of SRS resources in an SRS resource set can be enhanced to 8.
· Potential optimization for SRI re-design should be considered for saving DCI overhead, e.g., 8 bits or less
3.3 SRS enhancement for 8T8R antenna-switching
If 8 UL TX transmission is supported, then it is nature to support 8T8R antenna-switching. Then, we need to identify the candidate solution of achieve 8T8R antenna switching, such as:
· The support configuration of SRS resource(s) and SRS resource set(s), e.g., through a single or multiple SRS resource set, should be specified well. 
· Then, as a basic principle for antenna switching, SRS ports from different SRS resources in the same or different should be associated with different UE antenna port(s).
 Proposal 5: On 8-TX UL operation, antenna switching 8T8R should be supported.  
4 Conclusion
In this contribution, we provide our initial views on Rel-18 SRS enhancement. Observations/ Proposals are listed as follows.
Proposal 1: Regarding SRS capacity enhancement, following three candidates can be considered. 
· UE-level TD-OCC can be used on the time-domain repetition symbols
· Beam-formed SRS can be transmitted with a given UL precoding determined by  multiple CSI-RS resources each corresponding to one of CJT TRPs
·  For example, multiple CSI-RS resources can be configured for determining UL precoding of one SRS resource for antenna switching, or multiple associated CSI-RS can be configured for a single non codebook SRS resource set. 
· UL power control parameter (e.g., PL estimate) of one SRS resource can be determined based on multiple downlink reference resources each corresponding to one of CJT TRPs.
[bookmark: _GoBack]Proposal 2: For interference randomization, as a starting point, we can consider the randomization for SRS transmission in terms of sequence, frequency and time domains.
· Dynamic switching between modes for capacity/interference randomization and legacy one should be considered in order to accommodate the case with both enhanced and legacy UE while switching between CJT and STRP operation.
Proposal 3: Studying the two candidates regarding enhancement for codebook SRS resource in 8-TX UL operation
· Option-1: indicating SRS resource pair as NCB transmission 
· Option-2: increasing maximal number of SRS ports in one SRS codebook resource
Proposal 4: Regarding non codebook transmission for 8-TX UL operation, the number of SRS resources in an SRS resource set can be enhanced to 8.
· Potential optimization for SRI re-design should be considered for saving DCI overhead, e.g., 8 bits or less
Proposal 5: On 8-TX UL operation, antenna switching 8T8R should be supported.    
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