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[bookmark: _Ref129681832]In RAN#94-e, a Work Item for Rel-18 on “MIMO Evolution for Downlink and Uplink” was approved, and the motivations, scopes, and objectives were agreed in [1]. Among the objectives, the underlined in the following are related to SRS enhancements, mainly in the aspects of SRS for TDD Coherent Joint Transmission (CJT or C-JT) and 8Tx operation:
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.

Then in the past RAN1 meetings, SRS enhancements for TDD CJT and 8Tx operation were discussed and a set of agreements were achieved (see Appendix 1). In this contribution, we continue to discuss SRS enhancements targeting TDD CJT and 8Tx operation.

SRS enhancements targeting TDD CJT
In a TDD network, all UEs transmit SRS for purposes of DL CSI acquisition (with usage ‘antennaSwitching’ to support DL CJT/NCJT/single-TRP transmissions) and UL CSI acquisition (with usage ‘codebook’ or ‘noncodebook’), and sometimes also for TA / UL PC adjustments. (Beam management is not included here as this is for FR1.) In general, a UE may need to send SRS to each every TRP serving the UE. Given the limited UL slots/OFDM symbols in TDD networks, this can lead to severe SRS interference issues (if some SRSs are not orthogonal) and/or SRS capacity issues (if SRSs need to be orthogonal). In addition, there are always cross-SRS interference from UEs outside the CJT transmission area, though generally with lower receive power at the CJT TRPs. Therefore, the objective of this item is to manage inter-TRP cross-SRS interference via SRS capacity enhancement and/or reducing the impact of interference by interference randomization.
[bookmark: _Hlk100571133]Discussion on potential SRS enhancements targeting TDD CJT
In this subsection, we discuss the potential enhancements in past agreements one by one.
SRS comb offset hopping and cyclic shift hopping
Comb offset hopping may mean that on a first SRS transmission occasion of a SRS resource, a comb offset (e.g., 0) is used, and on a second SRS transmission occasion, a different comb offset is used (e.g., 1). Then over time, the SRS interference is shifted across a subset of the  REs ( is the configured transmission comb) and achieves (pseudo-) randomization in frequency-domain. The hopping pattern for the additional comb offset value (in addition to the RRC configured comb offset value combOffset) may be based on a comb offset hopping sequence . 
Similarly, to improve the code-domain interference randomization across different SRSs sent by different UEs, cyclic shift hopping over time may be enabled. A pseudo random sequence  to introduce offset(s) to the current cyclic shift(s) can be utilized.  
Cyclic shift hopping is evaluated in Appendix 3, and comb offset hopping in Appendix 4, from which one can see that they lead to the desired interference randomization. The simulation assumptions for them are provided in Appendix 2 unless otherwise specified.
In RAN1#111, the following agreements have been achieved for SRS comb offset hopping and cyclic shift hopping/randomization. 
Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port,
· FFS: Hopping pattern
· Support at least hopping based on slot index, OFDM symbol index
· FFS: Use of symbol group based on repetition factor 
· FFS: Additional details on intra-slot hopping based on OFDM symbol index, inter-slot hopping based on slot index, per occasion of SRS resource
· FFS: Re-initialization periodicity 
· Applicable to at least periodic/semi-persistent SRS with usage antennaSwitching
FFS: Other types of SRS
· FFS: Configuring a subset of comb offsets / cyclic shifts for comb offset hopping / cyclic shift hopping, respectively
· FFS: Combined comb offset hopping and cyclic shift hopping, supporting both, or down selecting one
Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port, the hopping pattern is determined based on:
Option 1: The hopping pattern is based on the pseudo-random sequence c(i), initialized with a network-configured ID.
FFS: The ID could be cell ID , SRS sequence identity , C-RNTI, or a new ID
FFS: The relation between the legacy group / sequence hopping and the new hopping 
Agreement
For SRS interference randomization, support one from the following options  (to be decided in RAN1#112):
· Opt. 1: Cyclic shift hopping
· Opt. 2: Comb offset hopping
· Opt. 3: Both cyclic shift hopping and comb offset hopping
· FFS: details including whether to support separate and/or combined hopping
· FFS: details on UE capability and signaling 
In what follows, we will describe further designs of the two hopping schemes. The issues that are to be discussed include the following: time-domain parameter and/or behavior (e.g., slot index, symbol index, re-initialization behavior), the network configured ID, hopping pattern formulas based on , applicability to AP SRS, applicability to SRS with usage other than antennaSwitching, configuration of a subset of comb offsets / cyclic shifts for hopping, relation between the hopping methods, and UE capabilities and signaling. 
Designs common to comb offset hopping and cyclic shift hopping
Comb offset hopping and cyclic shift hopping share many similarities and some common designs can be provided for both hopping schemes.
· Time-domain parameter and/or behavior
When designing the time-domain behavior for hopping, the most critical factor to consider is the multiplexing orthogonality among multiple SRSs. For SRSs multiplexed based on CDM and/or FDM via different comb offsets, they should remain orthogonal when hopping is turned on, regardless of whether the SRSs are configured with the same or different periodicities, the same or different numbers of OFDM symbols, the same or different repetition factors, being dropped or not (due to e.g., collision), and being triggered aperiodically. Taking into account all these possibilities, we suggest that the hopping be tied to the frame/slot/OFDM symbol structure but not related to any UE-specific configuration/behavior. For example, hopping based on the slot index  within a radio frame and OFDM symbol index , can be used as the time-domain parameters for hopping, which is similar to existing sequency/group hopping. This covers intra-slot and/or inter-slot hopping. The system frame number (SFN)  can also be incorporated and the multiplexing orthogonality is still maintained.
Regarding the re-initialization behavior, we again note that in existing sequency/group hopping with pseudo-random sequence , the pseudo-random sequence shall be initialized with  at the beginning of each radio frame. This can still be reused for comb offset hopping and cyclic shift hopping. The re-initialization at the beginning of each radio frame is useful to ensure that newly multiplexed SRS can be aligned with existing multiplexed SRS in terms of the  value so that they can remain orthogonal over time. Therefore, the re-initialization should be kept, but the current design leads to repeated hopping pattern for every radio frame of 10 ms duration. If a longer hopping pattern is desirable, the re-initialization may be extended to initialize at the beginning of a certain radio frame according to the SFN. For example, if configured, re-initialization is done once every 16 radio frames of 160 ms duration, etc.   
· Network-configured ID
When deciding the network-configured ID for hopping initialization, still the most critical factor to consider is the multiplexing orthogonality among multiple SRSs. The multiplexed SRSs can be configured with the same initialization ID so that they will not collide on the same time/frequency/code-domain resource due to pseudo-random hopping. This implies that UE-specific ID such as C-RNTI is not suitable. Even the cell ID  is not suitable except for the scenario of intra-cell CJT, and it is preferred to cover scenarios of intra-cell CJT and inter-cell CJT. So we suggest considering only SRS sequence identity  or a new ID.
In existing sequency/group hopping, the initialization is based on SRS sequence identity , given by the higher layer parameter sequenceId in the SRS-Resource IE, in which case , or the SRS-PosResource-r16 IE, in which case . This ID is also used to determine the SRS sequence. It may be reused for comb offset hopping / cyclic shift hopping, but the drawback of doing so is that all the hopping patterns are completely correlated with each other. For an extreme example, suppose the underlying pseudo-random sequence has a segment of consecutive zeros, then none of the hopping methods would actually hop on the corresponding OFDM symbols, which may not be desirable. Additionally, if two cells happen to use the same SRS sequence for their UEs, then quite likely the SRSs by the UEs will hop in the same way and lack sufficient interference randomization.
Alternatively, another ID for comb offset hopping / cyclic shift hopping can be introduced for higher flexibility and randomness, which can decouple the hopping patterns for different hopping schemes. This also allows that SRSs inside and outside a CJT transmission area can hop/behave in different ways even if they happen to be assigned with the same sequence/sequenceId (which, if not remedied, could be detrimental). If comb offset hopping / cyclic shift hopping are both supported, one dedicated ID for comb offset hopping and another dedicated ID for cyclic shift hopping can be supported for better interference randomization.
· Hopping pattern formula based on 
Based on the above discussion, the hopping pattern can be realized by adding an extra term of an offset in existing comb offset value or cyclic shift value. The extra term of offset can be  if the hopping is between 2 values and re-initialized at the beginning of each radio frame. Hopping among more values can also be supported based on the  sequence, for example, for  values, the offset can be . In addition, if SFN  is a re-initialization instance and the current SFN is , then in the above formulas, instead of , the term  may be used. If re-initialization is to be done for every  radio frames and the current SFN is , then in the above formulas, the term  may be used.
· Applicability to AP SRS
The above design of hopping pattern depends on the OFDM symbol location within a slot/radio frame, which ensures that any SRSs multiplexed in an orthogonal way stay orthogonal, regardless of the SRS transmissions are periodic/semi-persistent/aperiodic SRS. Thus, to increase the SRS interference randomization benefit, it is desirable that comb offset hopping / cyclic shift hopping are applied to AP/P/SP SRS.
· Applicability to SRS with usage other than antennaSwitching
The existing hopping schemes are applicable to all SRS usages. By the same token, we suggest that comb offset hopping and cyclic shift hopping be applicable all SRS usages.
· Potential issue on multiplexing with legacy / new UEs 
When legacy UEs and new UEs with comb offset hopping enabled are multiplexed on the same PRBs and OFDM symbols, the new UEs may hop to the comb offset assigned to legacy UEs and lead to collision. Similarly, when legacy UEs and new UEs with cyclic shift hopping enabled are multiplexed on the same REs, the new UEs may hop to the cyclic shift assigned to legacy UEs and lead to collision. These collisions should be avoided, e.g., via FDM on different PRBs/REs or TDM by gNB implementation. Another approach is to configure a subset of comb offsets / cyclic shifts for hopping; see discussion below. 
In any case, when hopping is used for a SRS port, it should not lead to full collision with the same RE and same cyclic shift to another SRS port from the same UE or a different UE, which causes the orthogonal SRS ports to become significantly interfering with each other and renders both ports unusable. Thus, if comb offset hopping is enabled for a set of SRS ports with the same cyclic shift and occupying overlapping time-frequency resources, these SRS ports should be configured with the same hopping pattern, same ID for comb offset hopping, and same re-initialization. For any SRS ports that may be transmitted on the same RE, they need to be CDMed, that is, they need to have the same SRS sequence but different cyclic shift values. Likewise, if cyclic shift hopping is enabled, all CDMed ports / UEs with the hopping should hop in a pre-coordinated way to avoid collision. Thus, these CDMed SRS ports should be configured with the same SRS sequence, same hopping pattern, same ID for cyclic shift hopping, and same re-initialization; the only difference between them should be the cyclic shift value.
· Configuration of a subset of comb offsets / cyclic shifts for hopping
As mentioned above, in some cases, UEs supporting new comb offset hopping and/or cyclic shift hopping may be multiplexed with legacy UEs not supporting these hopping schemes, and the hopping may lead to collisions on the same comb offset (REs) and same cyclic shift. To prevent this, configuration of a subset of comb offsets / cyclic shifts for hopping can be adopted, by excluding some comb offset values for comb offset hopping and excluding some cyclic shift values for cyclic shift hopping. For example, if a legacy UE occupies comb offset 0 on PRBs shared with a new UE, the new UE should not hop to comb offset 0 and may only hop to comb offset 1, 2, and 3 as configured by RRC. For another example, if a legacy UE occupies cyclic shift 0 on REs shared with a new UE, the new UE should not hop to cyclic shift 0 and may only hop to cyclic shifts 1~7 as configured by RRC. These can be easily realized by using above hopping pattern formulas and then map to the allowable additional comb offset value set or cyclic shift value set.
· Relation between the legacy group / sequence hopping and the new hopping
The legacy group / sequence hopping and the new hopping can be enabled at the same time for the same SRS, or can be separated. For a set of SRS ports from the same or different UEs multiplexed on overlapping time/frequency resources, if any SRS port is configured with the new hopping and the legacy group / sequence hopping, the other SRS ports should also be configured with the same new hopping pattern and the same legacy group / sequence hopping pattern, to maintain multiplexing orthogonality. This would require proper network configuration but we see no issue with implementing this in practice. Additionally, as discussed above, to allow higher extent of flexibility and decoupling between the legacy group / sequence hopping and the new hopping, a new ID for the new hopping initialization is preferred rather than reusing the same ID for the legacy group / sequence hopping.
· UE capabilities and signaling
The new hopping schemes will be optional features and only UEs with the corresponding capabilities will support one or both schemes. The details of UE capabilities and signaling can be discussed when sufficient details of this feature are agreed.
We have the following proposal for the common designs for comb offset hopping and cyclic shift hopping.
Proposal 1: For SRS comb offset hopping and/or cyclic shift hopping, 
Support hopping based on slot index and symbol index, and if configured with re-initialization periodicity n, the hopping is also based on the system frame number (SFN).
Support initialization based on a new network-configured ID for comb offset hopping (if supported) and another new network-configured ID for cyclic shift hopping (if supported).
Support re-initialization at the beginning of each radio frame, and if configured with re-initialization periodicity n, re-initialization at the beginning of every n radio frames.
Applicable to periodic/semi-persistent/aperiodic SRS with all usages.
Support configuration of a subset of comb offsets / cyclic shifts for comb offset hopping / cyclic shift hopping.
All ports in a multi-port SRS resource are configured with the same hopping parameters.

Designs specific to cyclic shift hopping
Most of the proposals by companies can be applied to both comb offset hopping and cyclic shift hopping, but we also saw some proposals specific for cyclic shift hopping.
K times finer time-delay domain granularity for cyclic shift hopping
In [2], it was proposed that for cyclic shift hopping, the time-delay domain granularity can be finer than the cyclic shift assignment in existing standards. For example, for comb 2, there are 8 cyclic shifts on a RE, and in the time-delay domain there are 8 equally spaced cyclic shift points on which the ports are assigned to (with or without hopping). More randomness can be achieved if the ports can hop among 8K equally spaced points in the time-delay domain (with the factor K>1). This may also be considered and more analysis/evaluations can be provided.
Combined with non-uniform cyclic shift allocation within the range [0, n_CS^max - 1] across ports
In [5] and some other contributions/discussions, it was proposed to support new cyclic shift mapping to enable non-uniform cyclic shift allocation within the range [0, n_CS^max - 1] across ports; see Sec. 2.1.3.4. This can be well combined with cyclic shift hopping. For example, for comb 2 and a 2-port SRS, instead of the legacy cyclic shift mapping of [CS0, CS4], a new mapping may be [CS0, CS2]. The sub-region of CS0 ~ CS3 may be seen as a sub-region for SRS with long channel delays, among other potential purposes. Then for the 2 ports, they may be configured with subsets {CS0, CS1} and {CS2, CS3}, respectively, for their cyclic shift hopping; that is, the ports still hop within the designated long-delay sub-region while achieving interference randomization. In general, based on network configuration, hopping within a sub-region or across sub-regions can be supported. Other examples of combining the non-uniform mapping and hopping exist and may be configured by the network based on implementation needs. 
Proposal 2: For cyclic shift hopping, support
Time-delay domain granularity based on K times the existing cyclic shifts, where K≥1.
Combination with non-uniform cyclic shift allocation within the range [0, n_CS^max - 1] across ports.

Relation between comb offset hopping and cyclic shift hopping: separate and/or combined hopping or down-selection 
Comb offset hopping and cyclic shift hopping share a significant amount of similarities as discussed above, and only some detailed aspects are specific to only one of them. Consequently, supporting both hopping schemes would require much less than doubling the standardization effort for supporting one. In addition, comb offset hopping provides interference randomization benefit in frequency domain, whereas cyclic shift hopping provides interference randomization benefit in code domain. Both the frequency domain and code domain interference randomization are important. Therefore, we see no reason to down-select to only one, and we suggest that both are supported.
If both are supported, though it is possible to combine both (i.e., joint hopping) on the same time-frequency resources for further increased benefit of interference randomization, in practice it may be easier to configure them on non-overlapping time-frequency resources to avoid complicated interactions between them. The initialization IDs for the hopping methods can be configured separately for them.  Same hopping patterns for all the SRSs on the overlapping time/frequency resources have to be ensured, only different by their initial configured comb offsets and/or cyclic shifts.
It is also possible to support a joint hopping in frequency-code domain, that is, the comb offsets and cyclic shifts configured for the joint hopping form a 2-dimensional resource grid and a pseudo-random sequence is applied to hop from one grid point to another. To avoid collision within the 2-dimensional resource grid due to the pseudo-random hopping, all the SRS ports configured to hop on the resource grid may use the same hopping/offset pattern, which actually limits any additional randomization benefit, if any, compared with the separate comb offset hopping and cyclic shift hopping. For simplicity, we prefer separate hopping.
Proposal 3: Support both SRS comb offset hopping and cyclic shift hopping
· Separate comb offset hopping and cyclic shift hopping can be enabled on non-overlapping time/frequency resources for the same UE.

Discussion on potential SRS power control enhancements
Some enhancements on per-TRP power control and/or power control of one SRS towards to multiple TRPs were proposed and captured in the agreements. TRP-specific SRS and TRP-common SRS have been discussed for TDD CJT, and they may require different power control support. The pathlosses between the UE and TRPs can be quite different, which will lead to SRS receive power imbalance or interference at the TRP receiver. Likely, at least 6 dB to 10 dB pathloss difference needs to be handled in practical scenarios. 
Based on the latest proposal from RAN1#111, we have the following discussions:
Option 0: For legacy TRP-specific SRS using multiple SRS resource sets; no enhancement in Rel-18 
SRS power control is according to , (capping by  is not added here for simplicity), where the alpha, PL RS, and close-loop power control adjustment state are configured for the SRS resource set which are applicable to all SRS resources within the set. This is suitable for transmission to one TRP that transmits the PL RS. When multiple TRPs are present, multiple SRS resource sets, each for a TRP, may need to be configured (unless the gNB determines that one SRS resource set is sufficient for covering the multiple TRPs for TDD CJT, which is purely implementation).
Therefore, in general, M (M > 1) power control processes for M SRS resource sets are needed, where each of the M SRS resource sets is generally for one of the M TRPs. Each of the M power control processes is based on a different UL power control parameter set (P0, alpha, and closed loop state) associated with a different DL pathloss RS. 
There are some cons for Option 0. First, the number of SRS resource sets is generally at most 2 per current standards, which may be insufficient to support TDD CJT. Increasing the number of SRS resource sets is not a scalable solution since it increases the SRS overhead by multiple folds and increases the standard complexity. Second, the per-TRP SRS transmissions and near-far issue can lead to high SRS interference. Option 0 is thus not preferred.
Option 1: For TRP-common SRS using one SRS resource set 
For this option, it uses one SRS resource set with possibly one or more SRS resources, and the resource set is associated with one power control parameter set that applies to all the SRS resources. Each transmission occasion of the SRS resource is towards all the multiple TRPs for TDD CJT. The SRS power could be , or , or , for 2 TRP case, where the first needs to be configured with 2 alphas and 2 pathloss RSs, each associated with one TRP, respectively; while the second is configured with 2 alphas and 1 pathloss RS, each alpha associated with one TRP, respectively; and the third is configured with 1 alpha and 2 pathloss RSs, each RS associated with one TRP, respectively. The first one seems to better incorporate the differences in the pathloss and requirement of fractional power control for different TRPs, and hence it is preferred. For more TRPs, this option can be generalized to M DL pathloss RSs and/or M alphas.
This option overcomes the issues with Option 0 by reducing the SRS overhead / transmission / interference while still covering multiple TRPs, though each SRS transmission is received by the TRPs with lower power accuracy.
Option 2: For TRP-specific SRS using one SRS resource set 
For this option, it uses one SRS resource set with one or more SRS resources, and the resource set is associated with M power control processes, where each of the M power control processes is based on a different UL power control parameter set (Po, alpha, and closed loop state) associated with a different DL pathloss RS. Different transmission occasions of the SRS resource set can be towards different TRPs, e.g., each of the M power control processes is for one of the M TRPs. For example, the SRS power could be  when transmitting to TRP 1, and  when transmitting to TRP 2. For more TRPs, this option can be generalized to M power control parameter sets (Po, alpha, and closed loop state), each for one TRP.
This option also overcomes the issues with Option 0 by not increasing the number of SRS resource sets while still covering multiple TRPs. Compared to Option 1, Option 2 does not reduce the SRS transmission / interference, but each SRS transmission is received by the TRPs with higher power accuracy.
Option 3: For TRP-common and/or TRP-specific SRS using one SRS resource set
For this option, it uses one SRS resource set with one or more SRS resources, and the resource set is associated with m (m >= 1) power control processes, where each of the m power control processes is based on one UL power control parameter set (Po, alpha, and closed loop state) but n (n >= 1) DL pathloss RSs. Different transmission occasions of the SRS resource set can be towards different subsets of totally M TRPs where M ≥ m, i.e., each of the m power control processes is for one subset of the M TRPs. For example, the SRS power could be  when transmitting to TRP 1, i.e., this transmission is a TRP-specific transmission with TRP-specific power control; and  when transmitting to both TRP 2 and TRP 3, i.e., this transmission is a TRP-common transmission with TRP-common power control. Which TRPs are more suitable for TRP-specific transmission and which TRPs are more suitable for TRP-common transmission can be determined by network implementation.
This option also overcomes the issues with Option 0 by not increasing the number of SRS resource sets while still covering multiple TRPs. It incorporates both Option 1 and Option 2 depending on network configuration, though it may slightly increase complexity of power control configuration.
Options 1, 2, and 3 have their advantages and at least one of them should be supported, while Option 0 is not preferred. Thus we have the following proposal.
Proposal 4: For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, for an SRS resource set, down select one from Options 1~3:
· Option 0 (For legacy TRP-specific SRS using multiple SRS resource sets; no enhancement in Rel-18):
· M (M > 1) power control processes for M SRS resource sets where each of the M power control processes is based on a different UL power control parameter set (P0, alpha, and closed loop state) associated with a different DL pathloss RS.
· Each of the M SRS resource sets is for one of the M TRPs. M is generally at most 2 per current standards.
· Option 1 (For TRP-common SRS using one SRS resource set):
· One power control process for all SRS resources of an SRS resource set where the power control process is based on one P0 value and one closed loop state and jointly on M (M > 1)  DL pathloss RSs and/or M alphas.
· Each transmission occasion of the SRS resource is towards multiple TRPs.
· Option 2 (For TRP-specific SRS using one SRS resource set):
· M (M > 1) power control processes for the SRS resource set where each of the M power control processes is based on a different UL power control parameter set (P0, alpha, and closed loop state) associated with a different DL pathloss RS.
· Different transmission occasions of the SRS resource can be towards different TRPs.
· Option 3 (For TRP-common and/or TRP-specific SRS using one SRS resource set):
· m (m >= 1) power control processes for the SRS resource set where each of the m power control processes is based on one P0 value, one closed loop state, and jointly on n (n >= 1) DL pathloss RS(s) and/or n alphas, where n can be different for different power control processes.
· A transmission occasion of the SRS resource can be towards n (i.e., one or multiple) TRP(s) based on which power control process is used.

Other potential enhancements
Several other enhancements for SRS transmission were also discussed by companies, such as precoded SRS for DL CSI acquisition, SRS TD OCC, pseudo-random muting of SRS transmission, SRS cyclic shift mapping enhancement, per-hop sequence from a long SRS sequence, etc. Considering the limited time for this release, we suggest down-selection from these potential enhancements in this meeting.
Precoded SRS for DL CSI acquisition
In existing standards, SRS with usage ‘antennaSwitching” for DL CSI acquisition is not precoded, which is similar to SRS with usage ‘codebook’ for UL CSI acquisition. Thus, for a 4-port SRS with ‘antennaSwitching’, it needs to consume 4 times resources in time/frequency/code domains as a 1-port SRS. However, if in a CJT transmission with many paired UEs, a UE may only need to support 1 or 2 layers. Therefore, if precoded SRS for DL CSI acquisition is supported, the UE may only need to sound for the 1 or 2 layers on 1 or 2 precoded ports, which can lead to significant SRS overhead reduction and increase of SRS capacity. The overhead reduction may be more pronounced for 8 (or even more) Tx SRS, if supported.
There have been quite some questions/concerns regarding precoded SRS. However, many of these aspects have been studied before. See for example, [4] and references therein, which showed significant performance improvements using precoded SRS for DL CSI acquisition with those questions/concerns addressed.
To support precoded SRS for DL CSI acquisition, we note that precoded SRS is already supported since Rel-15. That is, SRS with usage ‘nonCodebook’ for UL CSI acquisition is precoded. Based on what we can foresee, the potential standards support for precoded SRS for DL CSI acquisition is very similar to that for NCB SRS. To limit the standard impact and implementation complexity for potential enhancement on precoded SRS for DL CSI, we may focus on only the essential standard impact for supporting precoded SRS for DL CSI acquisition for UEs already supporting ‘nonCodebook’. For such UEs supporting ‘nonCodebook’, they already have the capability to calibrate transmit antennas for beamforming purposes. In addition, since the UEs support TDD, their transmit antennas and receive antennas are also already calibrated to ensure channel reciprocity holds well. Combining these two aspects, it seems that UEs supporting ‘nonCodebook’ and TDD should be capable of supporting precoded SRS for DL CSI acquisition, and if any additional UE antenna calibration is still needed as determined by RAN1/RAN4, the standard and implementation efforts for supporting the additional UE antenna calibration should be quite limited. In addition, RAN1 can focus on the simpler case of UEs with xTxR, i.e., the same number of transmit and receive antennas, and will only work on cases with xTyR if time permits.
Proposal 5: Decide in RAN1#112 whether to support precoded SRS for DL CSI acquisition, and if yes, support:
Reusing the standardized mechanism for NCB SRS as the baseline design for precoded SRS for DL CSI acquisition and striving to minimize the standard impact.
Only for UEs supporting NCB SRS
FFS: If any additional UE antenna calibration is needed for precoded SRS for DL CSI acquisition
For UEs with xTxR
FFS: For UEs with xTyR
This feature is optional and subject to UE capability.

SRS TD OCC
Enhancements on SRS TD OCC were proposed and captured in the agreement. In TD OCC, one SRS may be transmitted on 2 or more adjacent OFDM symbols and apply an orthogonal cover code (OCC) such as {+1,+1} and {+1,-1}. Different SRS ports may be assigned to the same cyclic shift location but can be separated via OCC. The per-symbol per-port SRS transmission power should remain the same regardless of whether TD OCC is applied.
First, we’d like to point out that TDD CJT scenarios generally have smaller cells and are interference limited, not noise limited. Even for UEs at cell edge, repeating SRS on multiple OFDM symbols (including TD OCC) will increase the interference rise and may not be always preferred. Therefore, the baseline to compare SRS TD OCC should be SRS on 1 OFDM symbol without repetition in typical TDD CJT scenarios. In this sense, SRS TD OCC has higher overhead than the baseline. Needless to say, with more OFDM symbols, SRS TD OCC can achieve better channel estimation performance, but whether the additional performance improvement is necessary should be further discussed. For multi-port SRS, if the channel delay is long (such as due to TRP-common SRS transmission in which the SRS TA is not adjusted according to the DL reference timing and UL propagation delay for some of the CJT TRPs), the cyclic shifts assigned to the SRS on each OFDM symbol used by TD OCC may be more spaced out by assigning/configuring multiple ports on the same cyclic shift, which may help utilize the code-domain resource more efficiently (depending on several factors such as the configuration, knowledge about the channel delay at the network side, etc.). Nevertheless, for all the cases, as TD OCC uses more OFDM symbols than single-symbol configuration, generally it has higher overhead. 
Compared to SRS repetition, TD OCC allows more SRS ports to be multiplexed in an orthogonal way and therefore can increase SRS capacity. In addition, TD OCC may effectively average the different interference experienced by the SRS on different OFDM symbols, and hence it may work well with SRS interference randomization. The cons of TD OCC relative to SRS repetition includes that if the SRS transmission on one OFDM symbol is dropped, then the SRS transmission with TD OCC may all be unusable, in which case to reduce power and interference, SRS on the other OFDM symbols covered by one OCC can be all dropped. Overall, TD OCC can improve SRS capacity compared to SRS repetition.
To summarize, to support SRS TD OCC, multiple OFDM symbols have to be configured for each SRS port, which may not be always desirable for TDD CJT. But in the scenarios where multiple OFDM symbols are to be utilized for SRS, TD OCC can have capacity benefit compared to SRS repetition. The key issue to be addressed for SRS TD OCC is collision handling via, e.g., dropping rules. 
Proposal 6: Decide in RAN1#112 whether to support SRS TD OCC for TDD CJT SRS enhancement.
FFS: Dropping rules of collision with other uplink resource, other details.

Pseudo-random muting of SRS
Pseudo-random muting for periodic and semi-persistent SRS was proposed by some companies and captured in the agreement. For P SRS or SP SRS, the interference generated by it is generally predictable in the time-domain, and randomization may be introduced to improve the SRS performance. A binary pseudo-random sequence of length L transmission occasions as a bundle may be introduced with each bit corresponding to a potential SRS transmission occasion (before the randomization is applied), and the SRS is actually transmitted only if the bit is 1. With proper design of the sequence, value 1 can appear with the desired frequency (e.g., 50%) and desired spacing (e.g., not separated by more than two consecutive 0’s). 
A possible con with the randomized transmission of SRS is that, the channel estimation based on SRS cannot assume a uniform pattern in time/frequency domains, i.e., at some times, SRS samples are not available on some REs. This may somewhat complicate the channel estimation filter design. Overall, we think the benefits of interference randomization are clear.
Proposal 7: Decide in RAN1#112 whether to support pseudo-random muting of SRS transmission, and if yes, support:
· Muting / transmission is per SRS transmission occasion, where a bundle of L transmission occasions is considered together.

Enhanced mapping of SRS cyclic shifts
In the current standards, when multiple SRS ports are configured for a SRS resource, only one cyclic shift value  (corresponding to  configured as cyclicShift) is configured for the first port, and the cyclic shifts of the other ports are computed based on an equation depending on  and the port indexes. In general, the cyclic shifts of a SRS resource are uniformly spread within the maximum cyclic shifts (i.e., within the range [0, n_CS^max - 1]) of each comb offset that the SRS resource is assigned to.
However, in some cases, non-uniform assignment of cyclic shifts for a SRS resource may be desirable. For example, if the channel delay of some SRS is much different from that of another SRS (such as due to TRP-common SRS transmission in which the SRS TA is not adjusted according to the DL reference timing and UL propagation delay for some of the CJT TRPs), then the ports of the SRSs can be assigned to separate regions of the cyclic shift space rather than mixing their cyclic shifts together [5]. That is, the range [0, n_CS^max - 1] for cyclic shifts may be divided into multiple non-overlapping sub-regions and a multi-port SRS resource may be configured to map its ports uniformly within a sub-region. This configuration can be more immune to different channel delays. Also if the delay spread for a SRS resource is short (such as due to the small cell radius for TDD CJT), then the cyclic shifts for the ports do not have to spread so far from each other; instead, they can be located close to each other, leaving more space for SRSs with longer delay spread. On the other hand, for the above two examples to work well, the network needs to know the delays/delay spreads, but with such knowledge, it may be possible for the network to use other implementation-based methods to achieve similar effects. For another example, in some cases, the ports on different comb offsets use the same cyclic shift values (see [6]), potentially increasing the PAPR of the SRS transmission in some cases. These issues may be addressed by introducing the capability of configuration of cyclic shift per SRS port per SRS resource, which may be generally non-uniform. In general, for a multi-port SRS resource, it may be useful to support new cyclic shift mapping to enable non-uniform cyclic shift allocation within the range [0, n_CS^max - 1] across ports. This may also be needed for 8 Tx SRS configuration. More specifically, when a SRS resource uses multiple comb offsets, one cyclic shift value should be configured for each comb offset. 
Overall, providing more flexibility in configuring cyclic shifts seems beneficial. 
Proposal 8: Decide in RAN1#112 whether to support new cyclic shift mapping, and if yes, support:
For a multi-port SRS resource, new cyclic shift mapping to enable non-uniform cyclic shift allocation within the range [0, n_CS^max - 1] across ports.
This does not change the comb offset mapping across ports.
E.g., per-port configuration.
E.g., dividing [0, n_CS^max - 1] in multiple non-overlapping sub-regions.

Low-correlation SRS mask sequence
In [2], it is proposed that for a SRS port transmitted on a cyclic shift, on top of the SRS sequence, it is also multiplied with a mask sequence. Then on the same cyclic shift, another SRS port of a different UE can be multiplexed with a different mask sequence, and the two mask sequences are of low correlation, such as properly chosen ZC sequences. This can effectively increase the SRS capacity with low (but non-zero) cross correlation between the SRS transmissions on the same cyclic shift. The mask sequence also leads to some small increase of PAPR based on the evaluations in [2], but generally the PAPR is still low. It seems to us that this scheme can be further studied to better understand its pros and cons. We also note that this scheme is similar to the FD OCC scheme proposed in [3].
Proposal 9: Decide in RAN1#112 whether to support applying low-correlation mask sequences on SRS transmissions to increase the SRS capacity. 

per-hop sequence from a long SRS sequence
SRSs generated from the same base sequence  of the same base sequence length  (which is a prime number) and different in only the cyclic shifts are orthogonal over any integer multiple of 12 SRS subcarriers, and other than that, SRSs are generally non-orthogonal. Therefore, when a SRS with a shorter length is multiplexed with a SRS with a longer length, they are generally not orthogonal. This may lead to some issues or limitations. For example, SRS1 with FH multiplexed with SRS2 spanning on PRBs of multiple hops are not orthogonal with each other, and SRS1 with RPFS multiplexed with SRS2 spanning on PRBs of multiple partial sounding are not orthogonal with each other. 
This issue may be remedied by using the same base sequence  of the same base sequence length  for different SRSs, even if in an SRS transmission occasion, the SRS sequence length is shorter than  due to FH and/or RPFS. Then as long as the overlapping subcarriers are an integer multiple of 12, the SRSs on the overlapping portion are orthogonal with each other. One simple way to enable this is that, for FH, the parameter  of the SRS sequence is generated based on  instead of , and for RPFS, the parameter  of the SRS sequence is generated based on  (for FH) or  (for non-FH) instead of . In other words, the per-hop or RPFS SRS sequence is extracted from a long SRS sequence.
An issue with this approach is the increased PAPR due to the truncation of the ZC sequence. This issue may be partially remedied by the increased SRS transmission power per RE due to the shorter SRS sequence. The tradeoff between the higher multiplexing capacity and increased PAPR can be further analyzed, which can be utilized by the network to decide if it is beneficial to enable this enhancement or not in a particular scenario. 
Proposal 10: Decide in RAN1#112 whether to support extracting the SRS sequence from a long SRS sequence in frequency hopping and/or RPFS.

SRS enhancements targeting 8Tx operation
SRS enhancements targeting 8 Tx has been discussed in the present agenda item. Related to 8Tx SRS, in parallel in RAN1, agenda item 9.1.3.1 covers “Increased number of orthogonal DMRS ports; Including increasing orthogonal DMRS ports for UL/DL MU-MIMO and 8 Tx UL SU-MIMO”, and agenda item 9.1.4.2 covers “SRI/TPMI enhancement for enabling 8 TX UL transmission; To support up to 4 or more layers per UE in UL targeting CPE/FWA/vehicle/industrial devices”. It is likely that some decisions regarding the 8Tx SRS may be related to the other agenda items, and hence some alignments across the agenda items to ensure consistency may be required, or the present agenda item may need to take into account some outcomes from the other agenda items. In any case, the 8 Tx SRS enhancements under consideration in the present agenda item should be sufficiently flexible / general to be potentially consistent with possible outcomes from related agenda items.
In the rest of the section, 8Tx SRS potential enhancements will be discussed for usage codebook (CB), nonCodebook (NCB), and antennaSwitching (AS).
Summary of existing agreements for SRS with 8 ports
For key SRS design parameters, some agreements were achieved in past meetings, which also included some FFS. These are summarized in the following table. In addition, some parameters will need further discussion/decision.
Table 1 Key SRS parameters for NCB with up to 8 ports, agreed and FFS 
	# SRS resource sets
	1, FFS 2,4 (9.1.4.2)

	#resources per set 
	Up to 8, FFS up to 4,2 (9.1.4.2)

	# port(s) per resource 
	1 

	# OFDM symbols for the ports
	1 or multiple 

	Configurations for each resource
	Legacy values and schemes for 1 port

	Allowed port/resource/set configurations
	1. 1 set, w/ up to 8 1-port resources
2. FFS: 2 sets, each w/ up to 4 1-port resources (9.1.4.2)
3. FFS: 4 sets, each w/ up to 2 1-port resources (9.1.4.2)



Table 2 Key SRS parameters for CB/AS with 8 ports, agreed 
	 
	CB
	AS with nTnR

	# SRS resource sets
	At least 1 
	Up to 2 for all P/SP/AP (except for some UEs, up to 1 P and 2 SP)

	#resources per set 
	Up to 2 
	1 

	# ports per resource
	8 

	# resources for 8 ports
	1 

	Allowed ports/resource/sets configurations 
	1. 1 set, 1 resource, 8 ports
2. 1 set, 2 resources, each w/ 8 ports
	1 or 2 sets, each w/ 1 8-port resource

	# OFDM symbols for a resource w/o TDM
	m takes the legacy values, i.e., 1,2,4,8,10,12,14, for legacy schemes (repetition, FH, RPFS) 

	# comb offsets for a resource w/o TDM
	Comb 2: 1 and 2
Comb 4: 2 and [4]
Comb 8: 4

	# OFDM symbols for a resource w/ TDM
	m > 1, FFS: m can be legacy values, i.e., 2,4,[8,10,12,14]



Table 3 Key SRS parameters for CB with 8 ports, FFS in 9.1.4.2
	 
	CB

	# SRS resource sets
	At least 1, e.g., FPTX 

	#resources per set 
	Values other than Up to 2 

	# ports per resource
	1,2,4 

	# resources for 8 ports
	8,4,2 

	Allowed port/resource/set configurations
	1. FFS: 1 set, >2 resources, each w/ 8 ports
2. FFS: 1 set, 2 resources, each w/ 4 ports
3. FFS: 1 set, 4 resources, each w/ 2 ports
4. FFS: 1 set, 8 resources, each w/ 1 port
FFS: at least 1 set w/ same or different number of ports for each resource



In the remainder of this section, we will focus on an 8-port SRS resource and provide designs for 1) cyclic shifts when symbol mapping uses legacy values and schemes, and 2) comb offsets and cyclic shifts with TDM. Note that we will not discuss the FFS points in Table 3 from the agenda item 9.1.4.2. 
Cyclic shift design for an 8-port SRS resource based on legacy schemes (repetition, FH, and RPFS)
Generally, for cyclic shifts assigned to a SRS resource, they are equally spaced. However, as being discussed in TDD CJT SRS, non-uniform cyclic shifts may be useful in some situations. These should not be precluded in 8 Tx SRS discussions. For example, the 8 ports of a SRS resource may be configured on one comb offset for comb 4 with maximum of 12 cyclic shifts allowed. These are quite nontypical and they can amount to a very large number of combinations. We will focus on the uniform cases first and then move on to the non-uniform ones later.
For an 8-port SRS resource with ports FDMed on multiple comb offsets and also CDMed in each comb offset, when restricting the cyclic shifts uniform in the range [0, n_CS^max - 1] on each comb offset, there can still be many combinations, as discussed below. 
Which ports can be CDMed on the same comb offset. 
For example, ports 1000 and 1001, or ports 1000 and 1002, or ports 1000 and 1004, etc., out of the ports {1000, …, 1007}, can be CDMed on one RE. There may even be hardware / PA related considerations for which ports should be CDMed / FDMed. To reduce the complexity, we suggest configuring the cyclic shifts for the ports only in one of the two orderings. That is, for the 8 ports 1000 ~ 1007, the rectangular grid formed by  comb offsets in ascending order (i.e.,  rows) and  cyclic shifts on each comb offset (i.e.,  columns),
Ordering 1: Allocate the 8 ports in ascending order first to a row, and then across the  rows in ascending order.
Ordering 2: Allocate the 8 ports in ascending order first to a column, and then across the  columns.
Across the  comb offsets, how the cyclic shift locations are distributed
For example, the 8 ports may be staggered uniformly across the 2 comb offsets for comb 2 (in which n_CS^max = 8): 
Comb offset 0 with {CS0, CS2, CS4, CS6} 
Comb offset 1 with {CS1, CS3, CS5, CS7} 
However, such a uniform distribution across the comb offsets may not be always possible. For example, for 2 comb offsets for comb 4 (in which n_CS^max = 12) (see also Tables 4 and 5): 
Comb offset 0 with {CS0, CS3, CS6, CS9} 
Comb offset 2 with {CS1, CS4, CS7, CS10} or {CS2, CS5, CS8, CS11}
Furthermore, with comb 8 (in which n_CS^max = 6), a uniform distribution across the comb offsets is impossible, and some ports on different comb offsets have to use the same cyclic shift. One example is (see also Table 6):
Comb offset 0 with {CS0, CS3} 
Comb offset 2 with {CS1, CS4} 
Comb offset 4 with {CS2, CS5}
Comb offset 6 with {CS0, CS3}
Then the PAPR may be increased (depending UE transmitter architecture and the usage of the SRS) [6]. Even though the same PAPR issue exists in current standards for 4-ports with comb 8, whether Rel-18 would adopt this approach can be discussed.
Considering all the above possible examples, it may be desirable to provide sufficient flexibility in the standards and leave the options open for the network configuration. The network may configure  cyclic shift locations for  comb offsets, that is, one cyclic shift location for each comb offset, and on each comb offset, the ports are uniformly distributed based on the configured cyclic shift location, similar to the legacy design. 
To illustrate, in Table 4, Ordering 1 and configured cyclic shift positions {CS0, CS1} for comb 4 are shown. In Table 5, Ordering 2 and configured cyclic shift positions {CS0, CS2} for comb 4 are shown. In Table 6, Ordering 2 and configured cyclic shift positions {CS0, CS1, CS2, CS0} for comb 8 are shown.
[bookmark: _Hlk126943875]Table 4 Cyclic shift mapping with Ordering 1 and configured cyclic shift positions {CS0, CS1} for comb 4
	
	CS0
	CS1
	CS2
	CS3
	CS4
	CS5
	CS6
	CS7
	CS8
	CS9
	CS10
	CS11

	RE0
	1000
	
	
	1001
	
	
	1002
	
	
	1003
	
	

	RE2
	
	1004
	
	
	1005
	
	
	1006
	
	
	1007
	



Table 5 Cyclic shift mapping with Ordering 2 and configured cyclic shift positions {CS0, CS2} for comb 4
	
	CS0
	CS1
	CS2
	CS3
	CS4
	CS5
	CS6
	CS7
	CS8
	CS9
	CS10
	CS11

	RE0
	1000
	
	
	1002
	
	
	1004
	
	
	1006
	
	

	RE2
	
	
	1001
	
	
	1003
	
	
	1005
	
	
	1007



Table 6 Cyclic shift mapping with Ordering 2 and configured cyclic shift positions {CS0, CS1, CS2, CS0} for comb 8
	[bookmark: _Hlk126943924]
	CS0
	CS1
	CS2
	CS3
	CS4
	CS5

	RE0
	1000
	
	
	1004
	
	

	RE2
	
	1001
	
	
	1005
	

	RE4
	
	
	1002
	
	
	1006

	RE6
	1003
	
	
	1007
	
	



We have the following proposal.
Proposal 11: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, for the configuration of C comb offsets (listed in an ascending order) and 8/C cyclic shifts on each comb offset (listed in an ascending order), 
The first cyclic shift position (i.e., ) on a comb offset is configured by the network, and the other cyclic shift positions are uniformly distributed on the comb offset.
Allocate the 8 ports 1000 ~ 1007 in ascending order according to the following 2 orderings:
Ordering 1: First filling up the 8/C cyclic shift positions on a comb offset, and then filling a next comb offset.
Ordering 2: First filling up the C comb offsets for a cyclic shift position, and then filling a next cyclic shift position.
We’d like to mention that non-uniform cyclic shifts can be subject to further study, depending on the outcome of TDD CJT SRS discussion.
Proposal 12: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, FFS non-uniform configuration of cyclic shifts.
[bookmark: _Hlk126944115]Comb and cyclic shift design for an 8-port SRS resource with TDM 
The standards are also considering to support the 8 ports on multiple OFDM symbols in a TDM way. In our view, when splitting the 8-port SRS resource on multiple OFDM symbols, the design should reuse existing mechanisms as much as possible, such as straightforward extensions of 2Tx SRS, 4Tx SRS, and existing agreements for 8Tx SRS with legacy mapping onto one or more OFDM symbols.
[bookmark: _Hlk126944076]When the 8 ports are configured with m OFDM symbols, the m OFDM symbols should be adjacent to each other in one slot, and currently we have FFS m being 2,4,[8,10,12,14]. A clarification here is that m is the configured number of OFDM symbols in a slot for the SRS resource, and it should not be interpreted as the TDM splitting factor, since the TDM scheme may still be enabled together with repetition, frequency hopping, and/or RPFS. To differentiate, denote the TDM splitting factor as s, and s should be 2 or 4. The case s = 8, 10, 12, 14 makes the ports a bit too far from each other and is not preferred, as it prolongs the CSI acquisition time and may make the phase alignment across the ports more challenging. Also m should be divisible by s for simplicity.
On each of the m OFDM symbols, there should be exactly 8/s ports. The ports TDMed on the s consecutive OFDM symbols should be different but have the same PRB / comb offset allocations. For example, for the ports {1000, …, 1007} TDMed with s = 2, the first symbol may have ports {1000, …, 1003}, and the second symbol may have ports {1004, …, 1007}, and on each symbol, the 4 ports are allocated to the physical resources and cyclic shift positions according to the legacy 4-port SRS mechanism. 
A few detailed designs include:
The ports may be split into {1000, 1002, 1004, 1006} and {1001, 1003, 1005, 1007} or other ways. Whether the different ways of splitting are substantial or not may depend on the UE implementation. For simplicity, only one splitting may be adopted, such as {1000, …, 1003} and {1004, …, 1007}. 
To map the ports on an OFDM symbol to the cyclic shift positions, the port indexes may be remapped to reuse the legacy 4-port equations. For example, {1001, 1003, 1005, 1007} may be remapped to {1000’, 1001’, 1002’, 1003’} and use the 4-port cyclic shift mapping.
If repetition, frequency hopping, and/or RPFS is also enabled, the 8 ports should be transmitted on consecutive OFDM symbols as a bundle. For example, for the ports {1000, …, 1007} configured with m = 4 OFDM symbols, s = 2, and 2 times repetition, on the 4 adjacent OFDM symbols, the transmissions should be {1000, …, 1003}, {1004, …, 1007}, {1000, …, 1003}, {1004, …, 1007}. That is, repetition or hopping should be done after the 8 ports are all sounded in a bundle.
To illustrate, in Table 7, an 8-port SRS resource configured with s = 2 and m = 8 is shown.

Table 7 An 8-port SRS resource configured with TDM splitting factor 2 on 8 OFDM symbols (OSs), with 4 times repetition
	[bookmark: _Hlk126944277]
	OS0
	OS1
	OS2
	OS3
	OS4
	OS5
	OS6
	OS7

	Ports used
	1000~ 1003
	1004~ 1007
	1000~ 1003
	1004~ 1007
	1000~ 1003
	1004~ 1007
	1000~ 1003
	1004~ 1007

	Remap (if needed)
	
	1000’~ 1003’
	
	1000’~ 1003’
	
	1000’~ 1003’
	
	1000’~ 1003’




Proposal 13: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, configured with TDM splitting factor s > 1 and resource mapping of m ≥ 2 OFDM symbols,
· Support m = 2,4,8,10,12,14 and s = 2,4, where m is a multiple of s. 
· The 8 ports are split on s adjacent OFDM symbols, and each symbol has p = 8/s different ports. 
· On each OFDM symbol, the resource mapping reuses the existing p-port mapping, with ports {1000, …, 1000+p-1} on the first symbol, {1000+p, …, 1000+2p-1} on the second symbol, etc., and the ports are remapped to {1000’, …, (1000+p-1)’} on each symbol for cyclic shift mapping.

[bookmark: _Hlk99709641]Conclusions
In this contribution, we present our views on the support for SRS enhancements targeting TDD CJT and 8Tx operation. We have the following observations and proposals.
SRS enhancements targeting TDD CJT
Proposal 1: For SRS comb offset hopping and/or cyclic shift hopping, 
Support hopping based on slot index and symbol index, and if configured with re-initialization periodicity n, the hopping is also based on the system frame number (SFN).
Support initialization based on a new network-configured ID for comb offset hopping (if supported) and another new network-configured ID for cyclic shift hopping (if supported).
Support re-initialization at the beginning of each radio frame, and if configured with re-initialization periodicity n, re-initialization at the beginning of every n radio frames.
Applicable to periodic/semi-persistent/aperiodic SRS with all usages.
Support configuration of a subset of comb offsets / cyclic shifts for comb offset hopping / cyclic shift hopping.
All ports in a multi-port SRS resource are configured with the same hopping parameters.
Proposal 2: For cyclic shift hopping, support
Time-delay domain granularity based on K times the existing cyclic shifts, where K≥1.
Combination with non-uniform cyclic shift allocation within the range [0, n_CS^max - 1] across ports.
Proposal 3: Support both SRS comb offset hopping and cyclic shift hopping
· Separate comb offset hopping and cyclic shift hopping can be enabled on non-overlapping time/frequency resources for the same UE.
Proposal 4: For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, for an SRS resource set, down select one from Options 1~3:
· Option 0 (For legacy TRP-specific SRS using multiple SRS resource sets; no enhancement in Rel-18):
· M (M > 1) power control processes for M SRS resource sets where each of the M power control processes is based on a different UL power control parameter set (P0, alpha, and closed loop state) associated with a different DL pathloss RS.
· Each of the M SRS resource sets is for one of the M TRPs. M is generally at most 2 per current standards.
· Option 1 (For TRP-common SRS using one SRS resource set):
· One power control process for all SRS resources of an SRS resource set where the power control process is based on one P0 value and one closed loop state and jointly on M (M > 1)  DL pathloss RSs and/or M alphas.
· Each transmission occasion of the SRS resource is towards multiple TRPs.
· Option 2 (For TRP-specific SRS using one SRS resource set):
· M (M > 1) power control processes for the SRS resource set where each of the M power control processes is based on a different UL power control parameter set (P0, alpha, and closed loop state) associated with a different DL pathloss RS.
· Different transmission occasions of the SRS resource can be towards different TRPs.
· Option 3 (For TRP-common and/or TRP-specific SRS using one SRS resource set):
· m (m >= 1) power control processes for the SRS resource set where each of the m power control processes is based on one P0 value, one closed loop state, and jointly on n (n >= 1) DL pathloss RS(s) and/or n alphas, where n can be different for different power control processes.
· A transmission occasion of the SRS resource can be towards n (i.e., one or multiple) TRP(s) based on which power control process is used.
Proposal 5: Decide in RAN1#112 whether to support precoded SRS for DL CSI acquisition, and if yes, support:
Reusing the standardized mechanism for NCB SRS as the baseline design for precoded SRS for DL CSI acquisition and striving to minimize the standard impact.
Only for UEs supporting NCB SRS
FFS: If any additional UE antenna calibration is needed for precoded SRS for DL CSI acquisition
For UEs with xTxR
FFS: For UEs with xTyR
This feature is optional and subject to UE capability.
Proposal 6: Decide in RAN1#112 whether to support SRS TD OCC for TDD CJT SRS enhancement.
FFS: Dropping rules of collision with other uplink resource, other details.
Proposal 7: Decide in RAN1#112 whether to support pseudo-random muting of SRS transmission, and if yes, support:
· Muting / transmission is per SRS transmission occasion, where a bundle of L transmission occasions is considered together.
Proposal 8: Decide in RAN1#112 whether to support new cyclic shift mapping, and if yes, support:
For a multi-port SRS resource, new cyclic shift mapping to enable non-uniform cyclic shift allocation within the range [0, n_CS^max - 1] across ports.
This does not change the comb offset mapping across ports.
E.g., per-port configuration.
E.g., dividing [0, n_CS^max - 1] in multiple non-overlapping sub-regions.
Proposal 9: Decide in RAN1#112 whether to support applying low-correlation mask sequences on SRS transmissions to increase the SRS capacity. 
Proposal 10: Decide in RAN1#112 whether to support extracting the SRS sequence from a long SRS sequence in frequency hopping and/or RPFS.
SRS enhancements targeting 8Tx operation
Proposal 11: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, for the configuration of C comb offsets (listed in an ascending order) and 8/C cyclic shifts on each comb offset (listed in an ascending order), 
The first cyclic shift position (i.e., ) on a comb offset is configured by the network, and the other cyclic shift positions are uniformly distributed on the comb offset.
Allocate the 8 ports 1000 ~ 1007 in ascending order according to the following 2 orderings:
Ordering 1: First filling up the 8/C cyclic shift positions on a comb offset, and then filling a next comb offset.
Ordering 2: First filling up the C comb offsets for a cyclic shift position, and then filling a next cyclic shift position.
Proposal 12: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, FFS non-uniform configuration of cyclic shifts.
Proposal 13: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, configured with TDM splitting factor s > 1 and resource mapping of m ≥ 2 OFDM symbols,
· Support m = 2,4,8,10,12,14 and s = 2,4, where m is a multiple of s. 
· The 8 ports are split on s adjacent OFDM symbols, and each symbol has p = 8/s different ports. 
· On each OFDM symbol, the resource mapping reuses the existing p-port mapping, with ports {1000, …, 1000+p-1} on the first symbol, {1000+p, …, 1000+2p-1} on the second symbol, etc., and the ports are remapped to {1000’, …, (1000+p-1)’} on each symbol for cyclic shift mapping.
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Appendix 
Appendix 1: Agreements from RAN1#109-e, RAN1#110, RAN1#110bis-e, and RAN1#111
RAN1#109-e:
Agreement
For SRS EVM, adopt combined relevant parts from Rel-17 SRS EVM and Rel-18 FDD CJT EVM as starting point
· Details are provided in Appendix 3 of R1-2205330 for system-level simulations
· Details are provided in Appendix 4 of R1-2205330 for link-level simulations.
 Agreement
For 8 Tx SRS, a starting point of UE antenna configurations can be:
· (M, N, P; Mg,Ng; Mp, Np) = (2,2,2; 1,1; 2,2), (dH, dV) = (0.5, 0.5)λ, or
· (M, N, P; Mg,Ng; Mp, Np) = (1,4,2; 1,1; 1,4), (dH, dV) = (0.5, 0.5)λ.
· FFS other 8 Tx UE antenna configuration and alignment with outcomes from other agenda items.
Agreement 
For SRS EVM, consider additional EVM as follows
· Realistic channel estimation based on sequence generation for SRS modelling, at least for TDD CJT SRS LLS and 8 Tx SRS LLS as baseline
· Evaluation metrics for 8 Tx SRS LLS can be MSE , BLER or throughput
· TDL-C for TDD CJT SRS LLS can be included as optional.
Agreement 
Consider the scenario where there exists SRSs sent by a UE and utilized by multiple TRPs for channel estimation, and the pathlosses between the UE and the TRPs differ by at least x dB in Rel-18 SRS study
x can be {3,6,10}, and other values can be used.
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
· [bookmark: _Hlk110606485]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.
Agreement 
Study the potential enhancements for SRS of 8T8R with usage antennaSwitching.
Agreement 
Study the potential enhancements for SRS for 8 Tx operation
· SRS resource(s) with 8 ports are configured for codebook-based PUSCH
· Up to 8 single-port SRS resources are configured for non-codebook-based PUSCH
Agreement 
For SRS enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices, study aspects include, for SRS for CB/NCB/AS, 
· Design parameters, including the maximum number of SRS resource sets, number of SRS resource sets, number of SRS resources, number of ports per resource, number of OFDM symbols, the allowed configurations for comb / comb shifts / cyclic shifts, number of simultaneous ports / resources / resource sets per OFDM symbol
· For the next decision point, study
· Whether to support 8 ports in one or multiple resources 
· Whether to support 8 ports in one or multiple OFDM symbols
· The maximum number of SRS resource sets.
· Note: For SRS for NCB, number of ports per SRS resource is still 1 (same as R15)
RAN1#110:
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
Agreement
For 8 Tx SRS, at least support
· 8 ports in 1 SRS resource for ‘antennaSwitching’;
· FFS 8 ports in one or multiple SRS resources for ‘codebook’ 
Above does not imply support for 8 ports in one or multiple OFDM symbols
Agreement
For the maximum number of SRS resource sets for SRS with 8T8R with ‘antennaSwitching’, keep the existing value of the maximum number of SRS resource sets (as provided in Rel-17 antenna switching nTnR)
Agreement
For an 8-port SRS resource in an SRS resource set with usage antennaSwitching (i.e., for 8T8R antenna switching), the 8-port SRS resource is transmitted in at least one OFDM symbol.
FFS: the resource transmitted in multiple OFDM symbols where different ports are mapped to different symbols.
Agreement
For SRS resource set(s) with usage ‘nonCodebook’ support 8 1-port SRS resources in one or multiple OFDM symbols. 
· Note: The maximum number of simultaneous SRS resources is determined via UE-capability signalling.
RAN1#110bis-e:
Agreement
Support at least one of the following for SRS interference randomization
· Randomized code-domain resource mapping for SRS transmission by introducing cyclic shift hopping / randomization to SRS resource
· Comb offset hopping for SRS
· The comb offset is determined pseudo-randomly as a function of time (e.g., slot index, symbol index) and/or NW configured ID with a certain UE-specific initialization.
· FFS: Other details, e.g., how the comb offset value is determined by the parameters for each SRS port of a SRS resource for a SRS transmission occasion.
Agreement
For comb offset hopping for SRS and for randomized code-domain resource mapping for SRS transmission via cyclic shift hopping / randomization, further study the following:
· [bookmark: _Hlk117844941]The hopping pattern (e.g., the pseudo-random sequence, time-domain granularity for hopping)
· The time-domain parameter and/or behavior (e.g., slot index, symbol index, re-initialization behavior)
· Network-configured ID for UE-specific initialization
· How the comb offset / cyclic shift value is determined by the parameters for each SRS port of a SRS resource for a SRS transmission occasion
· Potential issue on multiplexing with legacy UEs if CS hopping and/or comb offset hopping are enabled
· Applicability to periodic/semi-persistent/aperiodic SRS
Other details are not excluded
Agreement
For SRS TD OCC for SRS enhancements for TDD CJT, study:
· Comparison against SRS on 1 OFDM symbol
· Comparison against SRS repeated on multiple OFDM symbols
· Study the following aspects: evaluation performance, SRS overhead, per-symbol per-port transmission power, impact of channel delay, dropping rules of collision with other uplink resource, etc.
Agreement
For per-TRP power control and/or power control of one or multiple SRS transmission occasions towards to multiple TRPs, study the options for an SRS resource set:
· Option 1: 
· Same power control process for all SRS resources of an SRS resource set where the power control process is based on one Po value and one closed loop state and jointly on more than one DL pathloss RS and/or more than one alpha
· [bookmark: _Hlk118277013]Each transmission occasion of the SRS resource is towards multiple TRPs
· Option 2: 
· More than 1 power control processes each for a subset of SRS resource of an SRS resource set where each of the power control process is based on a different UL power control parameter set (Po, alpha, and closed loop state) associated with a different DL pathloss RS
· Different transmission occasions of the SRS resource can be towards different TRPs
Conclusion
The discussion of resource mapping for SRS transmission based on network-provided parameters or system parameters is merged into the discussions of other SRS enhancements for TDD CJT.
Conclusion
· No further discussion of increasing the maximum number of cyclic shifts for CJT SRS.
· No further discussion of partial frequency sounding extensions for CJT SRS.
Agreement
For an 8-port SRS resource in a SRS resource set ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with m OFDM symbols (m >= 1), at least support the 8 ports mapped onto each of the m OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof). 
· m takes the legacy values, i.e., 1,2,4,8,10,12,14.
Agreement
For one single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH, when the SRS resource is configured with n ports (n <= 8) and m OFDM symbols (m >= 1), at least support the n ports mapped onto each of the m OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof). 
· n can be 8
· m takes the legacy values, i.e., 1,2,4,8,10,12,14.

RAN1#111:
Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port,
· FFS: Hopping pattern
· Support at least hopping based on slot index, OFDM symbol index
· FFS: Use of symbol group based on repetition factor 
· FFS: Additional details on intra-slot hopping based on OFDM symbol index, inter-slot hopping based on slot index, per occasion of SRS resource
· FFS: Re-initialization periodicity 
· Applicable to at least periodic/semi-persistent SRS with usage antennaSwitching
FFS: Other types of SRS
· FFS: Configuring a subset of comb offsets / cyclic shifts for comb offset hopping / cyclic shift hopping, respectively
· FFS: Combined comb offset hopping and cyclic shift hopping, supporting both, or down selecting one
Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port, the hopping pattern is determined based on:
Option 1: The hopping pattern is based on the pseudo-random sequence c(i), initialized with a network-configured ID.
FFS: The ID could be cell ID , SRS sequence identity , C-RNTI, or a new ID
FFS: The relation between the legacy group / sequence hopping and the new hopping 
Agreement
For SRS interference randomization, support one from the following options  (to be decided in RAN1#112):
· Opt. 1: Cyclic shift hopping
· Opt. 2: Comb offset hopping
· Opt. 3: Both cyclic shift hopping and comb offset hopping
· FFS: details including whether to support separate and/or combined hopping
· FFS: details on UE capability and signaling 
Conclusion
No consensus on enhanced signaling for flexible SRS transmission in Rel-18
Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), at least support:
· For comb 2, support 1 and 2 comb offsets
· For comb 4, support 2 and [4] comb offset
· For comb 8, support 4 comb offsets
Agreement
For single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with 8 ports and m OFDM symbols (m > 1), support the case of 8 ports mapped onto the m OFDM symbols 
· Option 1: Different SRS ports are mapped onto different OFDM symbols (i.e., TDM)
· FFS: m can be legacy values, i.e., 2,4,[8,10,12,14].

Appendix 2: Simulation assumptions
The following table summarizes some key assumptions for the simulations in this contribution. 
	Table 8 LLS Assumptions for TDD CJT SRS

	Parameter
	Value

	Carrier frequency and subcarrier spacing 
	3.5 GHz with 30 kHz SCS

	System bandwidth
	20MHz

	Channel model
	CDL-C in TR 38.901 with 30ns (or 300ns if otherwise mentioned)

	UE velocity
	3km/h

	Antennas 
	UE: 2 ports (or 4 ports if otherwise mentioned), isotropic element pattern
gNB: 32 ports

	SRS configurations 
	1 OFDM symbol in a slot; comb 2 (or 4 if otherwise mentioned)



Appendix 3: Numerical study for SRS cyclic shift hopping
SRSs multiplexed within a CJT transmission area
For CDMed SRS ports, when a port is associated with long delay spread, it causes some interference to another port. Without any hopping, the interference may be quite persistent. To achieve interference randomization, cyclic shift hopping can be utilized for CDMed SRS ports. The following figure shows the interference randomization impact on very long delay spread cases due to cyclic shift hopping. When the two UEs’ cyclic shifts are far apart, e.g., 3 cyclic shift spacing away from each other, such as those shown by the blue curves, all ports have good performance. However, such configurations may not be always possible as SRS capacity is generally limited. If the UEs’ cyclic shifts are only 1 cyclic shift spacing away, then one of UEs would have very poor performance, such as shown by port-1 of link-1 in the red curves. Then cyclic shift hopping is enabled for the green curves, and the performance of different UEs becomes more even, which is desirable. (Only 1 port per UE is shown for simplicity here). 


[image: ]
Figure 1 SRS performance of cyclic shift hopping for CDMed SRS ports with CDL-C 300 ns channels. All UEs have the same SRS sequence.
Blue: no interference between the UE1 (i.e., link-1) of [CS0,CS6] and UE2 (i.e., link-2) of [CS3,CS9] (for reference). 
Red: one UE interfering the other due to the long delay spread: UE1 of [CS0,CS6] and UE2 of [CS1,CS7]. 
Green: cyclic shift hopping for interference randomization between the UEs: UE1 of [CS0,CS6] and UE2 hopping between [CS1,CS7] and [CS5,CS11].

SRS interference from outside a CJT transmission area
As mentioned before, it may happen that some SRS port from outside a CJT transmission area is configured on the same REs with the same SRS sequence and cyclic shift as a SRS port of a CJT UE. Though the interference power may not be high in general, it still causes considerable channel estimation performance degradation. Whenever this collision occurs, its impact can be quite detrimental. In the figure below, UE1’s first port on CS 0 is hit persistently by a weak outside SRS on CS 0 but its second port on CS 4 is not, which renders poor performance of the first port but good performance of the second port. If cyclic shift hopping is enabled, then the two ports do not persistently collide with the outside interfering port, and we can see the effect of interference randomization from the more even performance of the two ports.

[image: ]
Figure 2 SRS performance with cyclic shift hopping of weaker interfering ports, with CDL-C 30 ns channels. All UEs have the same SRS sequence.
Blue: UE1 (i.e., link-1) of 2 ports on [CS0,CS4], and UE2 (i.e., link-2) of 1 port on CS0. 
Green: UE1 of 2 ports on [CS0,CS4], and UE2 of 1 port hopping between CS0 and CS4. 

Appendix 4: Numerical study for SRS comb offset hopping
SRSs multiplexed within a CJT transmission area
For CDMed SRS ports, when a port is associated with long delay spread, it causes some interference to another port. Without hopping, the interference may be quite persistent. To achieve interference randomization, comb offset hopping can be utilized so that the ports can change their frequency-domain locations over time. The following figure shows the interference randomization impact on very long delay spread cases thanks to comb offset hopping. For the blue curves, UE1 has 2 ports with cyclic shifts not far away from the UE3’s 2 ports on comb offset 0 and hence are interfered persistently, whereas the 2 ports of UE2 on comb offset 2 are not interfered. Therefore, we see uneven performance between UE1’s ports and UE2’s ports (not all ports are shown for simplicity here). Then for the red curves, comb offset hopping is enabled for UE3 to hop between comb offsets 0 and 2, and the performance of ports for UE1 and UE2 becomes more even, which is desirable.


[image: ]
Figure 3 SRS performance of cyclic shift hopping for CDMed SRS ports with CDL-C 300 ns channels. All UEs have the same SRS sequence.
Blue: UE1 (i.e., link-1) on [CS0,CS6] and comb offset 0, UE2 (i.e., link-2) on [CS2,CS8] of comb offset 2, and UE3 on [CS1,CS7] and comb offset 0. 
Red: UE1 on [CS0,CS6] and comb offset 0, UE2 on [CS2,CS8] of comb offset 2, and UE3 on [CS1,CS7] and hopping between comb offsets 0 and 2. 

SRS interference from outside a CJT transmission area
Some SRS from outside a CJT transmission area can be configured on the same REs as a SRS of a CJT UE. In the figure below, UE1 has 4 ports on two comb offsets, but two of the ports on a comb offset are persistently interfered by UE2’s 2 ports on the same comb offset. Therefore, those 2 ports of UE1 have much worse performance than the other 2 ports of UE1, as shown by the blue curves. If comb offset hopping is enabled, then UE1’s 4 ports will experience more randomized interference on the comb offsets, and their performance will be more even, as shown by the red curves.

[image: ]
Figure 4 SRS performance with comb offset hopping. UEs have different SRS sequences.
Blue: UE1 (i.e., link-1) has 4 ports on comb offsets 0 and 1, UE2 (i.e., link-2) has 2 ports on comb offset 0. 
Red: UE1 4 ports on comb offsets 0 and 1, UE2 2 ports hopping on comb offsets 0 and 1. 
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