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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 RAN1 #109-e, the potential enhancements to be further studied were agreed as follows:
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.

In RAN1 #110, it was further agreed to support at least one or more schemes for interference randomization or capacity enhancements for TDD CJT:
 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 this contribution, we discuss potential SRS enhancements for TDD CJT separately for enhanced randomization and for enhanced capacity/efficiency of SRS.
Enhanced interference randomization
With respect to interference randomization, in the 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.
For comb offset hopping, the following needs to be ensured for two UEs with SRS resources transmitted in the same slot and same OFDM symbols (e.g., with the same first symbol for SRS transmission in the slot):
· For inter-cell or inter-cluster interference, randomization should be achieved to avoid persistent interference. Hence, the choice of comb offset should be independent across the two.
· For intra-cell or intra-cluster interference, comb offset hopping consistency should be ensured, i.e., if the two UEs have different comb offsets in a first hopping instance, they should also have different comb offsets in a second hopping instance.

To achieve the above, similar procedure as sequence hopping or group hopping can be used. That is, comb offset is determined based on the pseudo-random sequence  as a function of time (slot number and symbol number) with a certain UE-specific initialization. For this, a comb offset hopping formula can be applied on top of the existing  in 38.211 as shown below:
,
where  can be written based on the pseudo-random sequence  and as a function of time similar to sequence hopping or group hopping. Then, the remaining aspects are 
a) The unit of applying comb offset hopping, e.g., whether it is per OFDM symbol or per SRS resource. In case of per OFDM symbol,  should be the symbol number within the slot. In case of per SRS resource,  may not be needed or it can be set to the first symbol of the SRS resource.
b) [bookmark: _Hlk106199585]The initialization of the pseudo-random sequence , which can be based on the SRS sequence identity configured per SRS resource (similar to existing sequence hopping or group hopping), or can be additionally a function of other SRS parameters, or based on a new configurable identity.
Furthermore, some companies mentioned “problems with coexistence of legacy and Rel-18 UEs” as an issue for comb offset hopping in the previous meeting. However, such an issue applies to almost any new scheme, whether it is comb offset hopping, cyclic shift hopping, TD-OCC, or others. As mentioned before, comb offset hopping provides more tools to the network for interference randomization, which is beneficial as long as this tool is used properly. For example, legacy UEs can be separated in other domains such as time domain (different symbols or slots) or in cyclic shift domain. Hence, we do not see this as an issue for comb offset hopping. 
Proposal 1: Support comb offset hopping for SRS.
· The comb offset is determined based on the pseudo-random sequence c(i) as a function of time (e.g., slot number, symbol number) with a certain UE-specific initialization.
· FFS: The unit of applying comb offset hopping, e.g., whether it is per OFDM symbol or per SRS resource.
· FFS: The details of initialization of the pseudo-random sequence c(i).

Regarding pseudo-random muting of SRS transmission, “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. 
To evaluate the benefit of pseudo-random muting, we consider indoor hot spot layout with 12 TRPs, and considered random drops each with 2 UEs per TRP (the user CDF plots are aggregated across 50 random drops). In all cases, it is ensured that UEs in the same cluster do not transmit SRS on the same candidate occasion. In the case of “static allocation”, the assigned SRS occasion to each UE does not change throughout simulation, and hence, in each transmitted SRS occasion, the set of interferers are the same for each UE. However, in the case of “pseudo-random muting”, in different instances of SRS transmission for each UE, the set of interferers are different, and the median UL SINR per UE is plotted. The actual scheme of pseudo-random muting is based on Approach 2 explained in detail below. In both cases of static allocation and pseudo-random muting, the number of transmitted SRS occasions is exactly the same. We use OLPC for SRS, where the PL in OLPC formula is wrt the strongest TRP for each UE. In Figure 1, each cluster is one TRP, and each UE transmits SRS in 100 occasions out of 200 candidate occasions. As it can be seen, the tail UE UL SINR is improved thanks to interference randomization. In this case, the UL SINR is wrt the intended TRP, which is the strongest TRP.
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[bookmark: _Ref108041213]Figure 1: Static allocation versus pseudo-random muting with cluster size equal to one TRP.
Next, we consider the case where each cluster consists of 4 TRPs, and hence, there are 8 UEs in each cluster in each drop. In this case, each UE transmits SRS in 100 occasions out of 800 candidate occasions. Similar as before, for both cases of static allocation and pseudo-random muting, it is ensured that 2 UEs in the same cluster do not transmit on the same SRS candidate occasion. In Figure 2, the user CDF of UL SINR is plotted wrt both the strongest TRP (solid line) as well as the second strongest TRP (dashed line) subject to the condition that PL delta compared to the strongest TRP is not larger than 6dB (otherwise, we do not consider the second TRP as an intended receiver for the SRS transmission). As it can be seen, the benefit of pseudo-random muting is even more when cluster size is more than one TRP as there is less SRS “pollution” in the system and interference randomization has larger impact in terms of median UL SINR per UE for the tail UE performance.
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[bookmark: _Ref108041849]Figure 2: Static allocation versus pseudo-random muting with cluster size equal to four TRPs.

An SRS transmission opportunity can be defined as the unit of transmission / muting. For example, SRS transmission opportunity can be per OFDM symbol, per SRS resource, etc. Then, there can be two approaches for pseudo-random muting of SRS as explained below and illustrated in Figure 3:
· Approach 1: UE decides whether to transmit an SRS transmission opportunity according to a formula that is determined based on the pseudo-random sequence c(i) as a function of time (e.g., slot number, symbol number).
· For a given SRS transmission opportunity, the formula generates 0 or 1 corresponding to muting or transmission, respectively.
· Approach 2: UE selects a binary sequence of length L corresponding to L SRS transmission opportunities according to a formula that is based on the pseudo-random sequence c(i) as a function of time (e.g., slot number or symbol number of the first SRS transmission opportunity). 
· For a given L SRS transmission opportunities, the formula generates an index pointing to a binary sequence of length L out of a set of binary sequences. 
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[bookmark: _Ref106309796]Figure 3: Illustration of the two approaches for pseudo-random muting of SRS transmission.
It is important to note that Approach 2 is more flexible and can grantee the performance based on the possible set of binary sequences with respect to the following aspects: i) The min / max number transmissions / muting’s in the L transmission opportunities is based min / max number of 1’s / 0’s of any binary sequence in the set of binary sequences; ii) We can ensure that there are not too many consecutive muting’s or too many consecutive transmissions for a given UE; iii) The number of collisions between UEs that select different binary sequences from the set can be controlled. For example, if L=2 and the possible set of binary sequences is {01, 10}: i) There is exactly one transmission and one muting in the L=2 transmission opportunities; ii) The max number of consecutive muting’s / transmissions is two; iii) There is no collision between UEs that select different binary sequences in the same L=2 transmission opportunities. 
Regarding the initialization of the pseudo-random sequence c(i), similar discussions as the case of comb offset hopping as discussed above would be applicable.
Furthermore, in RAN1 #110, there were a couple of misunderstanding about this scheme:
· Misunderstanding 1: “Periodic SRS with larger periodicity can achieve the same goal”. Obviously, periodic SRS cannot achieve interference randomization if in every period the same set of UEs create interference. In the simulation results above, baseline (“static allocation”) is exactly the periodic SRS with larger periodicity, and the benefit of the enhancement can be seen from the Figures above. The whole point of this scheme is the fact that SRS transmission is randomized in time domain, and for fair comparison, the baseline should also have the same average number of transmission occasions.
· Misunderstanding 2: “This scheme decreases the SRS channel estimation accuracy and is unpredictable”. First, pseudo-random muting avoids persistent interference, and hence, it improves the tail UE performance as shown above. Second, the degree of predictability can be controlled by the network as discussed in detail in Approach 2 above. Third, any interference randomization scheme aims to create difference interference patterns, and we do not understand why randomized transmission in time domain in particular is subject to channel estimation inaccuracy compared to frequency-domain or code-domain randomizations.  
Also, it was mentioned that similar functionality can be achieved by AP-SRS. However, AP-SRS comes with the cost of DCI overhead as one DCI is required for each transmission occasion. We do not think it is reasonable to use so many DCIs just for the purpose of interference randomization when alternative solutions exist that do not require any DCI overhead. 

Proposal 2: Support pseudo-random muting of SRS transmission.
· Muting / transmission is per SRS transmission occasion, where a bundle of L transmission occasions is considered together
· An index corresponding to a binary sequence of length L from a set of binary sequences is determined based on the pseudo-random sequence c(i) as a function of time (e.g., slot number, symbol number) with a certain UE-specific initialization.
· FFS: The unit of SRS transmission opportunity, e.g., whether it is per OFDM symbol or per SRS resource.
· FFS: How to define L SRS transmission opportunities corresponding to a binary sequence of length L, and how to define the set of binary sequences to choose from.
· FFS: The details of initialization of the pseudo-random sequence c(i).

Lastly, the combinations of group hopping and sequence hopping, which was discussed in the previous meeting, would be a simple enhancement and can provide some benefit as it decreases the chance of collision due to using the same SRS sequence. In the current specification, these are supported individually, which means that we can either hop across 30 sequences or hop across 2 sequences. However, hopping across all available 60 sequences is not currently possible. This requires minimal spec changes.
Proposal 3: Support combinations of sequence hopping and group hopping so that hopping can be done across all 60 available SRS sequences. 
 Capacity / efficiency enhancements for SRS
With respect to “enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment”, two examples are captured in the agreement: One enhancement is configuration of  (sequence index within a group) per SRS resource, and the other enhancement is configuration of cyclic shift per SRS port 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). Hence, allowing for configuration of  per SRS resource is a very simple and yet effective enhancement that makes all existing 60 different base sequences available to use.
Note that this enhancement is not related to interference randomization. Instead, the benefit is enhancing the reuse factor of SRS sequence, i.e., more SRS sequences can be configured by the network to ensure that 2 UEs with the same SRS sequence are far away and do not clear inter-cell / inter-cluster interference.

Proposal 4: Support to configure  (sequence index within a group) per SRS resource.

With respect to cyclic shift, 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 4, 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 4: Legacy versus per-port cyclic shift configuration.
To evaluate the performance of this proposal compared to legacy uniform cyclic shift assignments across SRS ports, we have conducted link-level simulations. Both sTRP and mTRP CJT scenarios are considered, where BLER of PDSCH based on precoding obtained from SRS is used as the main metric, and the UEs are co-scheduled for PDSCH by performing zero-forcing precoding at the base station which is calculated based on estimated channel from SRS. In case of mTRP CJT, one SRS transmission from each UE is received on all TRPs from which the channel is estimated for precoding. Case 1 is based on legacy cyclic shift while Case 2 is based on the more flexible cyclic shift assignments across SRS ports. SRS is transmitted on the same symbol by all UEs and the same comb offset is assumed (they are separated in cyclic shift domain in both cases). Also, PDSCH transmitted to each UE occupies the same RBs (16 RBs are assumed) in MU-MIMO manner from all TRPs using CJT. TDL-C channel model is considered for this LLS.

As discussed before, the flexible (per port) cyclic shift assignment provide benefit when UEs have different delay spread (DS) or different Rx timing (different fixed delay). In each of the following scenarios, the performance of Case 1 (legacy) is compared to Case 2 (proposal):
· Scenario 1: 1 TRP, 2 UEs, 2 SRS ports / Rx antennas per UE, UE1/2 DS=100/500ns, UE1/2 fixed delay=0/200ns as illustrated in Figure 5.
· Cyclic shift in Case 1: UE1  {0,6}, UE2  {1,7}
· Cyclic shift in Case 2: UE1  {0,1}, UE2  {6,7}
· Scenario 2: Same as Scenario 1 but with 4 SRS ports / Rx antennas per UE.
· Cyclic shift in Case 1: UE1  {0,3,6,9}, UE2  {1,4,7,10}
· Cyclic shift in Case 2: UE1  {0,1,3,4}, UE2  {6,7,9,10}
· Scenario 3: Same as Scenario 2 but with 3 UEs (all 12 cyclic shifts are used), DS/fixed delay/delta PL as shown in Figure 5.
· Cyclic shift in Case 1: UE1  {0,3,6,9}, UE2  {1,4,7,10}, UE3  {2,5,8,11}
· Cyclic shift in Case 2: UE1  {0,1,2,3}, UE2  {4,5,6,7}, UE3  {8,9,10,11}
· Scenario 4: 2TRP CJT, 2UEs, 4 SRS ports / Rx antennas per UE, DS/fixed delay/delta PL as shown in Figure 5.
· Cyclic shift same as scenario 2 for Case 1 and Case 2.
· Scenario 5: Same as Scenario 4 except that DS/fixed delay/delta PL are based on the illustration in Figure 5.
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[bookmark: _Ref111133255]Figure 5: Illustrations of Scenarios 1-5.
Figure 6 illustrates the performance comparison between Case 1 (legacy) and Case 2 (proposal) for the five scenarios described above. As it can be seen from the Figure, in all scenarios, performance of at least one UE improves considerably with Case 2 while the performance of other UE(s) either also improves slightly or remains similar to Case 1. This is because by assigning cyclic shifts carefully across ports of different UEs, we can minimize the impact of large DS / fixed delay from one UE to the SRS ports of another UE (which has smaller DS / fixed delay). Furthermore, even when SRS channel estimation for one UE improves, precoding accuracy is enhanced (and hence better interference nulling with zero-forcing precoding), which results in even performance improvement of other co-scheduled UEs. 
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[bookmark: _Ref111133574]Figure 6: Link-level simulations on the benefit of per-port cyclic shift configurations for Scenarios 1-5.
In the above, we mostly focused on PDSCH BLER performance as a result of better SRS channel estimation at the gNB, which is the main metric for CJT performance. However, the benefit of the proposal can be also seen directly from the mean square error (MSE) of SRS channel estimation at the gNB. Figure 7 illustrates this for Scenario 1 as an example. It can be seen that MSE of UE 1 is improved significantly by ensuring large cyclic shift spacing from both SRS ports of UE2 (which has high DS and fixed delay). Even though the MSE of UE2 is degraded slightly, this results in BLER improvements of UE1 without impacting the BLER of UE2. As discussed before, better channel estimation even for one UE may help both UEs as they are co-scheduled with zero-forcing precoding. 
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[bookmark: _Ref111134413]Figure 7: MSE of channel estimation from SRS in Scenario 1.
In addition, we would like to address the following concerns mentioned by companies in the previous meeting for this scheme:
· “Backward compatibility”: There is no backward compatibility issue as the proposal is to configure cyclic shift per SRS port. When legacy UEs are multiplexed, the occupied cyclic shifts are simply not configured for the Rel-18 UE.
· “DCI overhead”: The proposal is not related to dynamic indication of cyclic shift. Instead, it is related to enhanced RRC configuration. The additional RRC overhead is negligible as only configuration of one cyclic shift per port is needed (e.g., for SRS resource with 4 ports, three cyclic shifts in addition to the existing initial cyclic shift for the first port can be RRC-configured). 
· “Increase the channel estimation complexity”: This is not correct as different ports are on different cyclic shifts whether evenly / uniformly distributed or not. For channel estimation at the gNB, the only knowledge needed is cyclic shift per port, and the rest is same as legacy.
· “The scheme cannot enhance SU performance”: This is true only if SU is just referring to SRS transmission since conditioned on a single UE transmitting SRS on a set of REs, the best cyclic shift assignment across ports is obviously uniform, which achieves the highest cyclic shift spacing among the ports. However, if SU refers to DL scheduling, this may not be true since multiple UEs can still use the same comb offset and symbols (and be separated by different cyclic shifts) for the purpose of SRS overhead reduction. The point is that, as long as there are more than one UE transmitting SRS on the same set of REs using different cyclic shifts, the scheme allows for more optimized configuration of cyclic shift per SRS port for each UE. 

Proposal 5: Support to configure cyclic shift per SRS port per SRS resource.

With respect to “enhanced signaling for flexible SRS transmission”, 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. Dynamic update of SRS parameters for AP-SRS was discussed in Rel-17, but not agreed. 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 8.
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[bookmark: _Ref101964043]Figure 8: SP-SRS activated by a DCI.
Proposal 6: For enhanced signaling for flexible SRS transmission, support semi-persistent SRS activated by a DCI.

With respect to the other potential capacity enhancements listed in the agreement, we would like to point out the following:
· SRS TD OCC: This has been discussed in Rel-17 and prior releases, but not agreed. In our understanding, TD-OCC for SRS has significant specification impacts. In addition to considerations related to TD-OCC length and intra-UE (TD-OCC across multiple SRS ports of a given UE / SRS resource) versus inter-UE (TD-OCC across multiple UEs), the unit for applying the TD-OCC requires various considerations such as repetition factor and frequency hopping parameters. Furthermore, the performance is impacted due to loss of orthogonality if one SRS symbol is dropped (as in current spec, SRS dropping is at the symbol level). Additionally, TD-OCC may be more relevant to coverage enhancements as opposed to capacity enhancements. When coverage is not limited, single-symbol SRS (per frequency hop) is enough in which case TD-OCC is not applicable. With antenna switching (e.g., 1T4R), 4 SRS resources are needed. With TD-OCC, the assumption is that each of the 4 SRS resources have at least repetition factor of 2. Even though this is a possible configuration, the point is that TD-OCC can be used only in limited scenarios in practice for the purpose of DL CSI acquisition. 
· Increasing the maximum number of cyclic shifts: The maximum number of cyclic shifts with reasonable performance is closely related to the delay spread of the channel. We do not see the need to increase the maximum number of cyclic shifts since delay spread in case of CJT is not going to be smaller than the case of single-TRP. If anything, the delay spread increases as SRS needs to be received by further away TRPs. 
· Precoded SRS for DL CSI acquisition: According to the discussions in RAN1 #110 and the explanations from proponents, the main motivation is to reduce total SRS port number to the PDSCH layer number (instead of # of Rx antennas). We see various issues with this approach: 
a) Such precoding means that a max rank smaller than UE capability is RRC-configured (as the number of SRS ports should be fixed and cannot be autonomously decided by the UE). 
b) With this, gNB has no longer access to the actual channel, and hence scheduling flexibility is seriously impacted. 
c) It is not clear how MU-MIMO operation can be performed anymore as precoding should be a function of channel from all co-scheduled UEs. Zero-forcing precoding (or any precoder with interference nulling toward co-scheduled UEs) can no longer be used with precoded SRS. In order to do interference nulling, the full channel matrix to all UEs are needed, and also the rank can no longer be decided by the UE as it depends on other UEs’ channel.
d) PAPR may be impacted depending on the choice of precoding. 
e) The type of precoder that the UE uses for SRS may require standardization as this impacts the DL scheduling decisions (unlike SRS with usage set to non-codebook).
f) It is not clear how such precoding can be applied for antenna switching especially in the case of xTyR with x<y as SRS transmissions will be on different OFDM symbols. As it was discussed in RAN1 #110, there is no benefit (capacity or otherwise) in case of e.g., 1T4R. Some companies argued that power is boosted due to repeating one layer four times. However, this cannot be the case as precoding for a 1-port transmission is meaningless, and obviously, UE cannot transmit from 4 Tx antennas simultaneously to form a virtual port (otherwise, this UE would have been 4T4R). 
g) The actual benefit is not clear in terms of capacity enhancement / overhead reduction considering the additional overhead associated with two CSI-RS resources each with potentially large number of CSI-RS ports.
h) Tx/Rx calibrations are needed at the UE for this scheme. For NCB-based UL with associated CSI-RS, we do not think UE is mandated to calibrate Tx/Rx chains. UE may choose to do so, but the point is that it is not required. For example, UE may only do antennas selection or only do SRS port virtualization based on CSI-RS. Calibrating Tx/Rx chains is very difficult for UE. This is not an issue for NCB-based PUSCH as the SRS is measured by gNB based on which one or more SRS resources are indicated to the UE for PUSCH transmission. However, the calibration seems to be necessary for this scheme to work since the estimated channel is directly used for PDSCH precoding later (unlike NCB-based PUSCH, where gNB anyway gets to measure multiple SRS resources and indicate one or more of them for PUSCH transmission). 
i) Such precoding based on CSI-RS for the purpose of DL CSI acquisition is not supported even for the single-TRP case (e.g., based on a single CSI-RS resource). It needs to be first justified and supported for single-TRP (with considering the issues mentioned above) before extension to mTRP/CJT can be considered. 
Hence, we do not see the need to discuss this enhancement further in this agenda item for TDD CJT.
· Partial frequency sounding extensions: Such potential enhancements have been discussed extensively in Rel-17 and they were not identified as beneficial or important enhancements. We do not see the need to repeat those discussions again in Rel-18 in the context of TDD CJT. One example listed in the agreement is larger partial frequency sounding factor, which was also discussed in Rel-17. However, for factors larger than 4, not only a given RB is sounded very infrequently (hence, leading to performance loss) but also requires additional restrictions on allocation of SRS RBs () to ensure that SRS sequence length can be supported by existing SRS sequence generation. 
· Resource mapping for SRS transmission based on network-provided parameters or system parameters: In RAN1 #110, some examples were mentioned by companies. One example mentioned is to reset initialization every multiple frames (rather than current spec, which is every frame). We suggest focusing on specific enhancements rather than this generic sentence. This allows for proper evaluations and assessing the benefit, which has not been addressed properly by the proponents so far. 

Given the discussions above and the long list of potential enhancements, we think it would be helpful to focus the study / specification on the more relevant enhancements with clear use case for TDD CJT, and other potential enhancements that either have been discussed extensively in previous releases or would lead to large specification impact without clear use case should have lower priority.
Proposal 7: The following should have low priority for Rel-18 for SRS enhancements for TDD CJT:
· SRS TD OCC
· Increasing the maximum number of cyclic shifts
· Precoded SRS for DL CSI acquisition
· Partial frequency sounding extensions
· Resource mapping for SRS transmission based on network-provided parameters or system parameters

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. 

[bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168][bookmark: _Ref525738606][bookmark: _Ref7626308][bookmark: _Ref21100018]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. 
[bookmark: _Ref102041626]SRS enhancement for codebook based PUSCH with 8 Tx
For SRS enhancement for codebook based PUSCH, there are two potential approaches. 
· Sound 8 SRS ports in one SRS resource.
· Sound 8 SRS ports in multiple SRS resources, each with 2 or 4 SRS ports. 

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 9. In this resource set, SRI can be used to switch among different SRS resources, as in Rel-15/16/17. 
[image: ]
[bookmark: _Ref101993719][bookmark: _Ref102048565]Fig 9: An SRS resource set with an SRS resource including 8 SRS ports
The key open issue for the first approach is how to map the 8 SRS ports to resources in time, comb, and cyclic shift domain. Given there are up to 8 SRS ports in a resource, it is beneficial to allow mapping the 8 SRS ports to more than one OFDM symbols, to allow larger SRS sounding power per port for better sounding quality and minimize leakage between SRS ports due to channel delay spread or Doppler. Given 8 SRS ports, it is natural to map them to {1,2,4} OFDM symbols. Mapping to 3 OFDM symbol would create unequal split of SRS ports among symbols, which unnecessarily complicates specification without out much benefit. 
Regarding how to map 8 SRS ports to 2 or 4 OFDM symbols, there are two ways. One way is TDM the 8 SRS ports, as shown in Fig 10. The other way is always transmitting 8 ports on each OFDM symbol, then repeating them on 2 or 4 OFDM symbols with TD-OCC codes. Between the two approaches, the TDM approach is preferred. The reason is because TD-OCC is sensitive to high Doppler channel. Furthermore, some SRS OFDM symbol(s) might be punctured by higher priority UL channels such as PUCCH. If that occurs, TD-OCC breaks and all SRS ports sounding are lost. While with TDM, those SRS ports on remaining (unpunctured) OFDM symbols are still useful. 
[image: ]
[bookmark: _Ref115291298]Fig 10: An example to map 8 SRS ports to 2 and 4 OFDM symbols.
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 11. With approach 2, SRI enhancement is needed to indicate multiple SRS resources in a DCI scheduling the PUSCH transmission. For example, with 2 SRS resources sounding 8 ports, SRI need to be extended to 2 bits to indicate the following 4 codepoints, 
· SRI = 01: fallback to only use 4 ports in SRS resource A
· SRI = 10: fallback to only use 4 ports in SRS resource B
· SRI = 00: use both SRS resource A & B with ports in B appending after ports in A
· SRI = 11: use both SRS resource A & B with ports in A appending after ports in B

With more SRS resources, e.g., 4, sounding 8 SRS ports, 3 bits SRI might be needed. 
[image: ]
[bookmark: _Ref102049259]Fig 11: Sound 8 SRS ports via two 4-port SRS resources
Both approaches are beneficial. Coherent 8 Tx PUSCH transmission might prefer sounding the 8 ports in one SRS resource 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 8: NR Rel-18 support configuring an SRS resource with 8 SRS ports for a codebook based PUSCH transmission with 8 Tx. 
· Support mapping the 8 ports in the SRS resource to 1, or 2, or 4 OFDM symbols in TDM manner.
· FFS details to mapping the 8 ports to OFDM symbols, frequency combs, and cyclic shifts.   

Proposal 9: 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 12. 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. 

[image: Diagram
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[bookmark: _Ref101816902]Fig 12: 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 13. 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 13: 8 SRS ports are sounded via two SRS resource sets for NCB based PUSCH 
In RAN1 110e, regarding this open issue, the following is agreed. 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. 



Based on the above analysis, there is no fundamental difference between Alt 1 and Alt 2. The only difference is using one or two SRI fields in DCI to signals the combination of SRS ports for PUSCH transmission. Based on this assessment, for simplicity, Alt 1 is slightly preferred. 

With the above discussion, the following proposal is made for non-codebook based PUSCH with 8 Tx. 

Proposal 10: For SRS configuration for non-codebook UL transmission for an 8TX UE, support Alt 1. 
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources.
Conclusions
In summary, we have the following proposals for SRS enhancements for Rel-18 MIMO evolution. 
Proposal 1: Support comb offset hopping for SRS.
· The comb offset is determined based on the pseudo-random sequence c(i) as a function of time (e.g., slot number, symbol number) with a certain UE-specific initialization.
· FFS: The unit of applying comb offset hopping, e.g., whether it is per OFDM symbol or per SRS resource.
· FFS: The details of initialization of the pseudo-random sequence c(i).

Proposal 2: Support pseudo-random muting of SRS transmission.
· Muting / transmission is per SRS transmission occasion, where a bundle of L transmission occasions is considered together
· An index corresponding to a binary sequence of length L from a set of binary sequences is determined based on the pseudo-random sequence c(i) as a function of time (e.g., slot number, symbol number) with a certain UE-specific initialization.
· FFS: The unit of SRS transmission opportunity, e.g., whether it is per OFDM symbol or per SRS resource.
· FFS: How to define L SRS transmission opportunities corresponding to a binary sequence of length L, and how to define the set of binary sequences to choose from.
· FFS: The details of initialization of the pseudo-random sequence c(i).

Proposal 3: Support combinations of sequence hopping and group hopping so that hopping can be done across all 60 available SRS sequences. 

Proposal 4: Support to configure  (sequence index within a group) per SRS resource.
Proposal 5: Support to configure cyclic shift per SRS port per SRS resource.
Proposal 6: For enhanced signaling for flexible SRS transmission, support semi-persistent SRS activated by a DCI.
Proposal 7: The following should have low priority for Rel-18 for SRS enhancements for TDD CJT:
· SRS TD OCC
· Increasing the maximum number of cyclic shifts
· Precoded SRS for DL CSI acquisition
· Partial frequency sounding extensions
· Resource mapping for SRS transmission based on network-provided parameters or system parameters

Proposal 8: NR Rel-18 support configuring an SRS resource with 8 SRS ports for a codebook based PUSCH transmission with 8 Tx. 
· Support mapping the 8 ports in the SRS resource to 1, or 2, or 4 OFDM symbols in TDM manner.
· FFS details to mapping the 8 ports to OFDM symbols, frequency combs, and cyclic shifts.   

Proposal 9: 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 10: For SRS configuration for non-codebook UL transmission for an 8TX UE, support Alt 1. 
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources.
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