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In RAN plenary #94e, the work item on MIMO Evolution for Downlink and Uplink was approved [1]. One of the main objectives of the work item is SRS enhancement, which is involved into two sub objectives as listed 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:
· 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.

In this contribution, the design aspects on the following two topics are discussed. 
· SRS enhancement for TDD CJT
· SRS enhancement for 8 Tx UL transmission
[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]SRS enhancement for TDD CJT
In this section, we discuss use cases and potential SRS enhancements for TDD CJT. 
For a given UE, the SRS transmission needs to be received by multiple TRPs so that precoding across the TRPs can be calculated based on the estimated channel from SRS for coherent joint transmission. Note that given that the CJT enhancement is targeting FR1, the same SRS transmission can be received at different TRPs (separate SRS transmissions toward different TRPs is not needed in FR1). This implies larger transmit power for the SRS as the signal needs to be heard by the furthest TRP in the CJT cluster, which results in larger interference in the system overall. 
[bookmark: _Hlk101729191][bookmark: _Hlk101729315]In addition, multiple UEs may need to be served by the same CJT cluster in MU-MIMO manner as joint precoding enables interference nulling across co-scheduled UEs in downlink (zero-forcing type of precoding). These UEs send SRS to the same CJT cluster (same set of TRPs), which creates intra-cluster interference. Furthermore, CJT clusters may not be disjoint in the network. That is, some TRPs may belong to multiple CJT cluster, where each CJT cluster serves a subset of UEs in MU-MIMO manner as illustrated in Figure 1. As a result, TRPs in overlapping clusters need to receive SRS from multiple UEs, which creates interference at a TRP that belongs to multiple clusters. Besides, an SRS transmission which is not intended to be received by a given TRP creates interference at that TRP due to increased Tx power of the SRS transmissions as discussed above, which is referred to as inter-cluster interference at a TRP not intended to receive the SRS transmission (similar to inter-cell interference in single-TRP deployments). 
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[bookmark: _Ref101730536]Figure 1: CJT and overlapping clusters.
As it can be seen from Figure 1, the three types of interference discussed above are:
· Intra-cluster interference: For example, between SRS transmissions from UEs 1/2/3/4 at any of the TRPs 1/2/3/4.
· Interference at a TRP that belongs to multiple clusters and between the SRS transmissions in different clusters intended to be received by that TRP: For example, between SRS transmissions from UE4 and UE5 at TRP 3 or at TRP4
· Inter-cluster interference at a TRP not intended to receive the SRS transmission: For example, at TRP1 or TRP2, SRS reception from UEs 1/2/3/4 is interfered by SRS transmissions from UEs 5/6/7/8.

Observation: For cross-SRS interference in TDD CJT system, the following aspects should be taken into account:
· Larger interference level in the system due to larger Tx power as SRS transmission from a given UE needs to be heard by multiple TRPs.
· Different types of cross-SRS interference including:
· Intra-cluster interference.
· Interference at a TRP that belongs to multiple clusters and between the SRS transmissions in different clusters intended to be received by that TRP
· Inter-cluster interference at a TRP not intended to receive the SRS transmission

To address the issues discussed above, different directions can be considered for SRS enhancements. First, enhanced interference planning can be considered to fully utilize existing dimensions to better manage SRS interference. Interference planning relies on the network to assign SRS parameters carefully to different UEs in the network in a coordinated way across coverage area of multiple TRPs or multiple CJT clusters. Second, enhanced interference randomization is beneficial to minimize cross-SRS interference especially for inter-cluster interference scenario discussed above. Currently, interference randomization for SRS is limited to sequence hopping or group hopping. Other dimensions can be also considered for hopping / interference randomization with the main goal being avoiding persistent interference across different CJT clusters. Third, enhanced signaling flexibility can effectively increase the SRS capacity by allowing network to trigger SRS / assign SRS parameters more dynamically as MU pairing / scheduling decisions / DL traffic per UE changes in the network. 
Proposal 1: Study the following categories for SRS enhancement to manage inter-TRP cross-SRS interference in TDD CJT system:
· Category 1: Enhanced interference planning to fully utilize existing dimensions for better SRS interference management.
· Category 2: Enhanced hopping / interference randomization to avoid persistent interference across different CJT clusters.
· Category 3: Enhanced signaling flexibility to increase the SRS capacity by allowing network to trigger SRS / assign SRS parameters more dynamically as a function of MU pairing / scheduling decisions / DL traffic.   

With respect to category 1, we would like to mention two examples for potential enhancements: 
As a first enhancement, it is reasonable to allow configuration of  (sequence index within a group) per SRS resource. In existing spec, 60 different base sequences with low cross-correlation are defined when SRS sequence length is equal to or larger than 72 bits by  and . However, when sequence hopping is not configured, currently  is always fixed to 0. This means that out of the 60 base sequences currently defined, only 30 of them can be assigned for the UEs in the system. With interference planning and when network carefully assigns SRS parameters to different UEs, allowing the network to configure any of the 60 base sequences can reduce the inter-cluster interference (or even intra-cluster interference, e.g., in case of large number of UEs and when within a cluster the other dimensions such as different SRS symbols, different comb offsets, different cyclic shifts are already used).
As a second enhancement, there can be benefits in allowing configuration of cyclic shift per SRS port in a given SRS resource. Currently, one cyclic shift can be configured for a given SRS resource corresponding to the first SRS port, and cyclic shifts are evenly distributed among ports. However, if network can configure cyclic shift per SRS port, it can control the cyclic shift spacing among the ports of a given UE versus across ports of multiple UEs. This is illustrated in Figure 2, where Comb spacing 4 (with 12 cyclic shift), and two UEs each with 2 SRS ports (same seq., same comb offset) is assumed. In Case 1, which is a possible configuration based on existing spec, cyclic shifts {0,6} are assigned to UE1 and cyclic shifts {2,8} are assigned to UE2. In Case 2, network can flexibly assign cyclic shift per port per UE, and may choose to maximize the cyclic shift spacing across the UEs, which can be beneficial as two ports of the same UE may be more resilient against small cyclic shift spacing versus two ports across different UEs.
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[bookmark: _Ref101797805]Figure 2: Legacy versus per-port cyclic shift configuration.
Proposal 2: For enhanced interference planning to fully utilize existing dimensions for better SRS interference management (Category 1), study the following enhancements:
· Configuration of  (sequence index within a group) per SRS resource.
· Configuration of cyclic shift per SRS port per SRS resource.

With respect to category 2 discussed above, it is noted that in current spec, only sequence hopping or group hopping is supported to randomize SRS interference. In both cases, randomization is in SRS sequence domain. However, different SRS sequences still create interference when the corresponding SRS resources overlap in RE domain (same symbol, same RBs, and same comb offset). Interference randomization can be considered in other domains such as in comb offset domain, which can randomize inter-cell / inter-cluster interference by avoiding persistent interference on the same REs from two interfering UEs. This provides more tools to the network for interference randomization and can be more effective than SRS sequence randomization with group hopping or sequence hopping, which does not provide interference randomization in RE domain.
Additionally, SRS muting can be considered in a pseudo-random manner. In this case, “hopping” is in the domain of whether a given SRS symbols / SRS resource for a given UE at a given instant in time is transmitted or not. The benefit can be two-fold: First, the overall interference in the system is reduced as some UEs do not transmit SRS on some occasions. Second, for a given SRS resource of a given UE, in different instances of transmission (in different slots / symbols), different sets of UEs create interference to avoid persistent interference. 
Proposal 3: For hopping / interference randomization to avoid persistent interference across different CJT clusters (Category 2), study the following enhancements:
· Comb offset hopping for SRS 
· Pseudo-random muting of SRS transmission.

With respect to category 3 discussed above, the main motivation is to allow the network to react to a change in scheduling decisions, multi-user grouping (with zero-forcing beamforming assuming CJT across multiple TRPs), or DL traffic availability. Such changes are typically dynamic in nature and result in the need to change SRS parameters or trigger new SRS resources. At the same time, these factors may not change from slot-to-slot, but once they occur, being able to react to them can increase the SRS capacity as less dimensions (e.g., in symbol domain, comb offset domain, cyclic shift domain, etc.) need to be reserved for this purpose. In existing AP-SRS, DCI-based triggering is a one-time request as opposed to activating periodic SRS resources. Also, DCI cannot change SRS parameters. In existing SP-SRS, MAC-CE is used to activate/deactivate, which has higher latency compared to DCI. Similarly, MAC-CE cannot change SRS parameters, which are configured by RRC. 
On the other hand, SP-SRS activated by a DCI enables fast triggering of periodic SRS transmission as well as dynamic indication of some of the SRS parameters. This is very similar to SPS PDSCH, Type 2 CG-PUSCH, or SP-CSI on PUSCH. In all these legacy procedures, DCI activate periodic receptions / transmissions. This functionality is missing for SRS in the current spec. Similar to legacy SPS/CG/SP-CSI on PUSCH, a different RNTI can be configured for UE to be able to distinguish activation DCI / release DCI from regular scheduling DCI, which means that many of the DCI fields are available to be used to also indicate the parameters of SRS. Furthermore, for an already activated SRS resource set, a reactivation DCI can be used to update the SRS parameters (analogous to SPS/CG reactivation). SP-SRS activated by a DCI is illustrated in Figure 3, and the benefits in the context of CJT can be further studied.
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[bookmark: _Ref101964043]Figure 3: SP-SRS activated by a DCI.
Proposal 4: For enhanced signaling flexibility to increase the SRS capacity by allowing network to trigger SRS / assign SRS parameters more dynamically as a function of MU pairing / scheduling decisions / DL traffic (Category 3), study semi-persistent SRS activated by a DCI.
SRS enhancement for 8 Tx UL transmission
Supporting 8 Tx PUSCH transmission is included in the WID of Rel-18 MIMO [2]. To support 8 Tx PUSCH, apparently, SRS enhancement is needed to allow UE to sound 8 SRS ports. 

SRS for codebook and non-codebook PUSCH are different. For non-codebook based PUSCH, one SRS resource can only sound one SRS port. For codebook PUSCH, one SRS resource can sound up to 4 SRS ports in Rel-15/16/17. Given this difference, the design of SRS enhancement for codebook and non-codebook based PUSCH are separately addressed in Section 3.1 and 3.2. 
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For SRS enhancement for codebook based PUSCH, there are two potential approaches. The first approach is introducing SRS resource(s) with up to 8 SRS ports, i.e., sound 8 SRS ports in one SRS resource, in an SRS resource set, as illustrated in Fig 1. In this resource set, SRI can be used to switch among different SRS resources, as in Rel-15/16/17. 
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[bookmark: _Ref101993719][bookmark: _Ref102048565]Fig 1: An SRS resource set with an SRS resource including 8 SRS ports
The second approach is sounding the 8 ports via two or more SRS resources. With the second approach, there is no need to specify new type of SRS resources. Two legacy 4-ports SRS resources in an SRS resource set can be linked together to sound the 8 SRS ports for a PUSCH, as illustrated in Fig 2. With approach 2, SRI enhancement is needed to indicate multiple SRS resources in a DCI scheduling the PUSCH transmission. 
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[bookmark: _Ref102049259]Fig 2: Sound 8 SRS ports via two 4-port SRS resources
Both approaches are beneficial. The first approach is suitable for cell centre UEs, which can sound 8 ports in one OFDM symbol to save SRS sounding overhead. The second approach can benefit cell edge UEs, which can sound the 8 ports in multiple OFDM symbols, with guaranteed sounding quality. Also, coherent 8 Tx PUSCH transmission might prefer sounding the 8 ports in one shot via the first approach. While non-coherent and partial coherent 8 Tx PUSCH transmission could sound 8 ports via approach 2, although nothing prevents coherent 8 Tx PUSCH to apply approach 2 for sounding as well.  
Proposal 5: NR Rel-18 support configuring an SRS resource with 8 SRS ports for a codebook based PUSCH transmission with 8 Tx. 
· FFS details on 8 ports SRS design.  

Proposal 6: NR Rel-18 support configuring multiple SRS resources to sound 8 SRS ports for a codebook based PUSCH transmission with 8 Tx.
· FFS related SRI signaling enhancements

[bookmark: _Ref102041627]SRS enhancement for non-codebook based PUSCH with 8 Tx
Regarding SRS enhancement for non-codebook based PUSCH, it is obvious that 8 SRS resources are needed to sound 8 SRS ports for non-codebook based PUSCH, as one SRS resource can only sound one SRS port in this case. The open question is whether the 8 SRS resources should be put into a single or multiple SRS resource sets. 

Similar to the discussion in Section 3.1, it is preferred to support both, i.e., allowing 8 SRS resources in either a single or multiple SRS resource sets. 
 
If 8 SRS ports are sounded via a single SRS resource set, as illustrated in Fig 3. The SRI enhancement is simply expanding the bit width the SRI field in DCI to indicate the total number of combinations of X ports, which is:, where  denotes the number of combinations of choose X ports out of 8 ports. 
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[bookmark: _Ref101816902]Fig 3: 8 SRS ports are sounded via a single SRS resource for NCB based PUSCH

If 8 SRS ports are sounded via multiple SRS resource sets, as illustrated in Fig 4. Multiple SRI fields, e.g., 2, might be needed in the DCI scheduling 8 Tx NCB PUSCH. The details of bit-width of SRI field for each SRS resource set can be further studied. 
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[bookmark: _Ref101817161]Fig 4: 8 SRS ports are sounded via two SRS resource sets for NCB based PUSCH 
With the above discussion, the following proposal is made for non-codebook based PUSCH with 8 Tx. 

Proposal 7: Rel-18 specify SRS and SRI enhancement to support non-codebook based PUSCH with 8 Tx. 
· FFS details on SRI enhancement for 8 SRS ports sounding via a single SRS resource set.
· FFS details on SRI enhancement for 8 SRS ports sounding via multiple SRS resource sets, each sounding less than 8 ports.
Conclusions
In summary, we have the following proposals for SRS enhancements for Rel-18 MIMO evolution. 
 Observation: For cross-SRS interference in TDD CJT system, the following aspects should be taken into account:
· Larger interference level in the system due to larger Tx power as SRS transmission from a given UE needs to be heard by multiple TRPs.
· Different types of cross-SRS interference including:
· Intra-cluster interference.
· Interference at a TRP that belongs to multiple clusters and between the SRS transmissions in different clusters intended to be received by that TRP
· Inter-cluster interference at a TRP not intended to receive the SRS transmission

Proposal 1: Study the following categories for SRS enhancement to manage inter-TRP cross-SRS interference in TDD CJT system:
· Category 1: Enhanced interference planning to fully utilize existing dimensions for better SRS interference management.
· Category 2: Enhanced hopping / interference randomization to avoid persistent interference across different CJT clusters.
· Category 3: Enhanced signaling flexibility to increase the SRS capacity by allowing network to trigger SRS / assign SRS parameters more dynamically as a function of MU pairing / scheduling decisions / DL traffic.   

Proposal 2: For enhanced interference planning to fully utilize existing dimensions for better SRS interference management (Category 1), study the following enhancements:
· Configuration of  (sequence index within a group) per SRS resource.
· Configuration of cyclic shift per SRS port per SRS resource.

Proposal 3: For hopping / interference randomization to avoid persistent interference across different CJT clusters (Category 2), study the following enhancements:
· Comb offset hopping for SRS 
· Pseudo-random muting of SRS transmission.

Proposal 4: For enhanced signaling flexibility to increase the SRS capacity by allowing network to trigger SRS / assign SRS parameters more dynamically as a function of MU pairing / scheduling decisions / DL traffic (Category 3), study semi-persistent SRS activated by a DCI.
Proposal 5: NR Rel-18 support configuring an SRS resource with 8 SRS ports for a codebook based PUSCH transmission with 8 Tx. 
· FFS details on 8 ports SRS design.  

Proposal 6: NR Rel-18 support configuring multiple SRS resources to sound 8 SRS ports for a codebook based PUSCH transmission with 8 Tx.
· FFS related SRI signaling enhancements

Proposal 7: Rel-18 specify SRS and SRI enhancement to support non-codebook based PUSCH with 8 Tx. 
· FFS details on SRI enhancement for 8 SRS ports sounding via a single SRS resource set.
· FFS details on SRI enhancement for 8 SRS ports sounding via multiple SRS resource sets, each sounding less than 8 ports.
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