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1. Introduction
In RAN#94e, the Rel-18 WID for NR MIMO evolution for downlink and uplink was approved [1], in which the potential enhancement is for SRS enhancement for TDD coherent JT (CJT) scenario and 8 TX operation as shown below:
	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:

· 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.


In this contribution, we will discuss SRS enhancement for enabling 8 TX UL transmission and TDD coherent JT (CJT) scenario.
2. SRS enhancement for enabling 8 TX UL transmission 
To enable 8 TX UL transmission, up to 8 ports SRS design, SRS for codebook and non-codebook based 8 TX UL transmission, and SRS antenna switching for 8 TX UE should be studied in Rel-18.
2.1 Up to 8 ports SRS enhancement
In Rel-15, when the number of SRS ports is less than 4, different cyclic shifts are used for different antenna ports. To consider the orthogonality between different antenna ports, when the number of SRS ports is equal to 4 and the number of transmission combs is equal to 2, if cyclicShift-n2 is larger than 4, in addition to different cyclic shifts are used for different antenna ports, SRS antenna ports {1002, 1004} and SRS antenna ports {1001, 1003} occupy different REs with FDM transmission, both cyclic shift and FDM-2 are used for orthogonal antenna ports, otherwise, different cyclic shifts are used for orthogonal antenna ports. Similarly, when the number of SRS ports is equal to 4 and the number of transmission combs is equal to 4, if cyclicShift-n4 is larger than 6, both cyclic shift and FDM-2 are used for orthogonal antenna ports, otherwise, different cyclic shifts are used for orthogonal antenna ports. In Rel-17, the number of transmission combs equals to 8 is added for SRS, when the number of SRS ports is equal to 4 and the number of transmission combs is equal to 8, both cyclic shift and FDM-2 are used for orthogonal antenna ports. 
For 8 ports SRS transmission, cyclic shift can be also used for different antenna port when the number of transmission combs is equal to 2 or 4, however when the number of transmission combs is equal to 8, the maximum number of cyclic shifts is 6, which cannot support 8 ports SRS transmission. On one hand, the number of cyclic shifts is not enough for 8 ports SRS transmission when the number of transmission combs is equal to 8, on the other hand, the orthogonality depend on cyclic shift is not as good as other orthogonal methods. To consider the orthogonality between different antenna ports, FDM can be also considered. Currently, FDM-2 has been used for 4 ports SRS, whether both cyclic shift and FDM-2 are enough for 8 ports SRS transmission, or whether FDM-4 is needed for 8 ports SRS transmission can be studied. For example, as shown in Fig. 1 (a), different cyclic shifts are used for different antenna ports of SRS, and FDM-4 is used with transmission comb number configured to 4.
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(a) FDM-4 and cyclic shift     (b) TDM-2, FDM-2 and cyclic shift     (c) TD-OCC, FDM-2 and cyclic shift
Figure 1. RE mapping of 8 ports SRS 
Besides, whether TDM or TD-OCC is needed for 8 ports SRS transmission can be also studied. As shown in Fig.1 (b), in addition to FDM-2 and cyclic shift, TDM-2 is used for 8 ports SRS transmission, where one symbol is used to transmit SRS antenna ports {1001, 1002, 1003, 1004}, and another symbol is used to transmit SRS antenna ports {1005, 1006, 1007, 1008}. As shown in Fig.1 (c), in addition to FDM-2 and cyclic shift, TD-OCC is used for 8 ports SRS transmission, that two symbols are used for 8 ports SRS transmission. 

Proposal 1: Cyclic shift, FDM, TDM, or TD-OCC can be studied to enable 8 ports SRS transmission.

Furthermore, the SRS antenna ports combination that located in the same RE also needs discussion. The antenna ports that located in the same RE are distinguished by cyclic shift, to increase the orthogonality between different antenna ports, antenna ports with largest cyclic shift distance should be allocated in the same RE, such as antenna ports 1001 and 1003 are located in the same RE in Rel-15. Based on this principle, when FDM-4 and cyclic shift are configured, antenna ports 1001 and 1004 should be configured in the same RE. However, to consider backward compatibility, antenna ports 1001 and 1003 should be configured in the same RE that same as Rel-15 for 4 ports SRS. Whether backward compatibility should be considered for RE mapping of 8 ports SRS should be also studied.
Proposal 2: Whether backward compatibility should be considered for RE mapping of 8 ports SRS should be also studied.

2.2 SRS enhancement for codebook based 8 TX UL transmission
In Rel-15, for codebook based transmission, the UE may be configured with a single SRS resource set with usage set to 'codebook', and one or two SRS resources can be configured in this SRS resource set. The maximum number of SRS ports for each SRS resource is 4. When only one SRS resource is configured, the SRI field in DCI is absent. When two SRS resources are configured, 1 bit of SRI field in DCI is used to indicate the selected SRS resource. To support up to 8 layers UL transmission, 8 ports SRS can be supported to configure in SRS resource set with usage set to 'codebook'. 
Proposal 3: To support up to 8 layers UL transmission, 8 ports SRS can be supported to configure in SRS resource set with usage set to 'codebook'.
2.3 SRS enhancement for non-codebook based 8 TX UL transmission
In Rel-15, for non-codebook based UL transmission, one SRS resource set can be configured with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook', where the maximum number of SRS resources that can be configured for non-codebook based UL transmission is 4, and only one SRS port is configured for each SRS resource. UE can determine its PUSCH precoder and transmission rank based on the SRI field in DCI. For example, when 4 SRS resources are configured for non-codebook based UL transmission and the maximum number of layers for PUSCH given by Lmax is 4, then 4 bits are needed for SRI to indicate PUSCH precoder and transmission rank as shown in Table 7.3.1.1.2-31 in TS 38.212. To support up to 8 layers UL transmission, up to 8 SRS resources can be supported to configure in SRS resource set with usage set to 'codebook'.
Proposal 4: To support up to 8 layers UL transmission, up to 8 SRS resources can be supported to configure in SRS resource set with usage set to 'codebook'.
2.4 SRS enhancement for antenna switching
Currently, UE may be configured SRS for antenna switching depending on the indicated UE capability supportedSRS-TxPortSwitch. For 8T8R UE, 8 ports SRS resource can be configured in SRS resource set for antenna switching. Besides, whether downgrading configuration of SRS for antenna switching will be considered for 8T8R UE can be studied. For example, whether the SRS configurations for 4T8R or 4T4R can be also configured for 8T8R UE to reduce the potential high overhead of SRS resources and facilitate high UE power efficiency.
Proposal 5: Whether downgrading configuration of SRS for antenna switching will be considered for 8T8R UE can be discussed.
3. SRS enhancement for TDD coherent JT (CJT)

In NR TDD system, SRS is a very important signal for gNB to obtain the downlink channel information, especially in the case that the channel reciprocity exists. In single-TRP transmission scenario, the interference in SRS estimation gNB suffering is mainly from other UEs served by the neighboring cells. However, the SRS is received and estimated by multiple TRPs in Multi-TRP CJT scheme. The interference becomes more severe since the SRS from remote UEs might suffer strong interference from nearby UEs in the co-operated area, especially for the UE located at cell edge. SRS enhancement for CJT scheme might be beneficial to the coverage of TDD system.
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Figure 2. SRS interference in CJT scenario 
As described in the Rel-18 WID, there are two directions on SRS enhancement to manage inter-TRP cross-SRS interference, i.e. SRS capacity enhancement and SRS interference randomization. 

Regarding to SRS capacity enhancement, the motivation is to lower the probability of SRS collision through improving capacity. Meanwhile, another objective in Rel-18 MIMO WID is the 8 ports SRS enhancement. To avoid repeating design, it is reasonable to consider 8 ports SRS design when improving SRS capacity for CJT. The compatibility with 8 ports SRS design should be considered for SRS capacity improvement for CJT.
Proposal 6: The compatibility with 8 ports SRS design should be considered for SRS capacity improvement for CJT.
However, there is also a constraint that the enhanced SRS for CJT scheme cannot consume additional resources. Considering this constraint, one possible method to improve SRS capacity could be introducing TD-OCC on the repetition symbols, so that multiple UEs using different TD-OCC codes can be multiplexed in the same REs and symbols. The capacity of SRS is improved without consuming additional resources.
Proposal 7: Introducing TD-OCC over the repetition symbols can be considered to improve SRS capacity for TDD CJT scenario.

In the terms of SRS interference randomization, the motivation is to avoid gNB suffering continuous SRS interference when SRS collision happens. SRS transmission can be randomized in multiple ways, like random frequency hopping, cyclic shift hopping and etc. The benefits of each schemes should be classified. 
Proposal 8: SRS interference randomization can be considered in frequency and sequence domain for TDD CJT scenario.

3. Conclusion

Based on the above discussions, the proposals are as follows:
Proposal 1: Cyclic shift, FDM, TDM, or TD-OCC can be studied to enable 8 ports SRS transmission.

Proposal 2: Whether backward compatibility should be considered for RE mapping of 8 ports SRS should be also studied.

Proposal 3: To support up to 8 layers UL transmission, 8 ports SRS can be supported to configure in SRS resource set with usage set to 'codebook'.
Proposal 4: To support up to 8 layers UL transmission, up to 8 SRS resources can be supported to configure in SRS resource set with usage set to 'codebook'.
Proposal 5: Whether downgrading configuration of SRS for antenna switching will be considered for 8T8R UE can be discussed.
Proposal 6: The compatibility with 8 ports SRS design should be considered for SRS capacity improvement for CJT.
Proposal 7: Introducing TD-OCC over the repetition symbols can be considered to improve SRS capacity for TDD CJT scenario.

Proposal 8: SRS interference randomization can be considered in frequency and sequence domain for TDD CJT scenario.
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