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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[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.
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 what follows, we will describe further designs of the two hopping schemes based on the latest agreements. 
Time-domain behavior for comb offset hopping with repetition factor R > 1
We had the following agreement:
Agreement
[bookmark: _Hlk134195893]For a SRS resource configured with comb offset hopping, if the repetition factor R > 1, within a slot, the time-domain hopping behavior depends on the OFDM symbol index l' of each symbol or the first symbol across the R repetitions based on RRC configuration, and FFS configuration details.
· UE can indicate whether it supports one or both the options. Details to be discussed in UE feature.
When designing the time-domain behavior for hopping, the factors to consider include the multiplexing orthogonality among multiple SRSs and the gNB channel estimation complexity. 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. When the time-domain hopping behavior depends on the OFDM symbol index l' of each symbol, the hopping be tied to the frame/slot/OFDM symbol structure but not related to any UE-specific configuration/behavior, and the multiplexing orthogonality can always be maintained. On the other hand, when the time-domain hopping behavior depends on the OFDM symbol index l' of the first symbol across the R repetitions, it simplifies the joint processing for gNB channel estimation when hopping and repetition are enabled, which reduces the processing complexity at the gNB side by preventing the SRS REs are not aligned across the R “repeated” OFDM symbols.
Therefore, there is a tradeoff between gNB capability of configuring orthogonally multiplexed SRSs and gNB channel estimation complexity based on SRS. Which option (based on each symbol or the first symbol across the R repetitions) is to be chosen should be decided by the gNB based on its implementation. A simple way is to configure one of the options in RRC for each SRS resource which is configured with comb offset hopping and repetition factor R > 1. The RRC parameter may be a 1-bit field to configure “hop_within_R” or “no_hop_within_R”.
Proposal 1: For a SRS resource configured with comb offset hopping and repetition factor R > 1, support adding a one-bit RRC parameter to configure one of the following within a slot:
· The time-domain hopping behavior depends on the OFDM symbol index l' of each symbol, OR
· The time-domain hopping behavior depends on the OFDM symbol index l' of the first symbol across the R repetitions.

Reinitialization periodicity
We had the following agreement:
Agreement
For SRS comb offset hopping / cyclic shift hopping, support reinitialization at the beginning of every N radio frame(s), where N ≥ 1.
· FFS: N is fixed or configurable.

Regarding the re-initialization behavior, the current design of reinitialization for group / sequence hopping at the beginning of every radio frame leads to repeated hopping pattern for every radio frame of 10 ms duration, which may be too short and does not lead to sufficient randomness from one radio frame to the next. 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:
· Option 1: The reinitialization periodicity is fixed to be N radio frame(s):
· Option 1A: N = 1: this is the legacy mechanism, and the random pattern may repeat itself too often.
· Option 1B: N = 1024: this effectively leads to the time-domain hopping behavior dependent on the system frame number (SFN), and leads to the longest possible random pattern.
· Option 1C: 1 < N < 1024: this requires a value to be determined by the group (which may be challenging to agree on the one value), and it may be related to SRS periodicity for P/SP SRS or the SFN periodicity. 
· Option 2: The network configures the re-initialization is done once every N radio frames, i.e., 10*N ms duration. This is the most flexible way, but it requires the gNBs to coordinate the same value N at least within a coordination area.   
· Option 2A: It does not seem needed to configure all the possible values between 1 and 1024, e.g., N = 53 or N = 271 may not be preferred. So for further simplicity, N may be chosen as a factor of 1024, e.g.,  for some n = 0, 1, 2, …, 10.
For Options 1B, 1C, and 2, an SFN offset is also required. The simplest way is to start with SFN 0, so the reinitialization is done at SFNs 0, N, 2N, …, . 
Overall, we think Options 1B and 2A can be further considered for the increased randomization effect and simplicity or flexibility.

Proposal 2: For SRS comb offset hopping / cyclic shift hopping with reinitialization periodicity N, the reinitialization is done at the beginning of SFNs 0, N, 2N, 3N, …, , and down select from one of the following options:
· Option 1B: N is fixed to be 1024
· Option 2A:  for some n = 0, 1, 2, …, 10, and n is configured via RRC configuration.

[bookmark: _Hlk130981474]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. 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. In case Option 1B: N is fixed to be 1024 is selected, then the term simplifies to .

Proposal 3: For SRS comb offset hopping and/or cyclic shift hopping  hopping values, the hopping pattern formula is given by
·  for comb offset hopping
·  for cyclic shift hopping

Configuration of a subset of comb offsets / cyclic shifts for hopping
In some cases, UEs / SRSs supporting new comb offset hopping and/or cyclic shift hopping may be multiplexed with UEs / SRSs not supporting these hopping schemes, and the hopping may lead to collisions on the same comb offset (REs) and same cyclic shift. 
For example, legacy UEs cannot support comb offset hopping and/or cyclic shift hopping. 
For another example, it is being discussed whether comb offset hopping and/or cyclic shift hopping is applicable to SRS with usage CB/NCB/BM; in case the decision is No, then SRS with usage CB/NCB/BM cannot support comb offset hopping and/or cyclic shift hopping, and CDM/FDM with SRS configured with comb offset hopping and/or cyclic shift hopping could cause collisions.
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 (or any other subset of cyclic shifts) as configured by RRC. This is illustrated in the figure below. 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. 
Hopping with a configured subset for hopping restriction is simulated and the performance is captured in Appendix 3 for cyclic shift hopping and Appendix 4 for comb offset hopping.

[image: ]
Figure 1 Potential cyclic shift collision when cyclic shift hopping is configured to only some UEs/SRSs (left), and collision avoided if a subset of cyclic shifts is configured for cyclic shift hopping.

Proposal 4: Support configuring a subset of comb offsets when comb offset hopping is configured, and configuring a subset of cyclic shifts when cyclic shift hopping is configured.

Applicability to AP SRS and SRS with usage other than antennaSwitching
The above design of hopping pattern primarily 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. However, if no hopping within R repeated OFDM symbols is configured, it could impose some restrictions on multiplexing AP SRS with other SRS, such as no AP SRS should be triggered on certain OFDM symbols, which could be gNB implementation. In general, we see benefits but no issues with supporting comb offset hopping / cyclic shift hopping for AP SRS.
In addition, if comb offset hopping and/or cyclic shift hopping is not applicable to SRS with usage CB/NCB/BM, then SRS with usage CB/NCB/BM cannot be configured with FDM via different comb offsets or CDM with SRS configured with comb offset hopping and/or cyclic shift hopping. This can impose significant restrictions on gNB implementation if gNB cannot easily multiplex SRSs with different usages (unless the subset restriction for hopping is supported). Moreover, the existing hopping schemes (frequency hopping, sequence/sequence group hopping) 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.
Therefore, for any SRSs to be orthogonally multiplexed, regardless of being AP/P/SP SRS or with usages of antenna switching, codebook, non-codebook, or beam management, as long as their initial comb offsets / cyclic shifts are configured as non-overlapping, when they are configured with the same hopping parameters (e.g., ID, reinitialization periodicity, hopping depending on symbol index), then they will hop with the same pattern and remain orthogonal. This seems to be a safe solution and the least restrictive to gNB implementation. In summary, allowing all SRS to support new hopping is highly beneficial to reduce the collisions with other SRS.

Proposal 5: SRS comb offset hopping and/or cyclic shift hopping are applicable to:
· Aperiodic SRS 
· SRS with usage other than antennaSwitching.

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, currently there are 8 cyclic shifts on a RE, and in the time-delay domain (which may also be called as cyclic-shift-domain, code domain, cyclic shift configuration space, etc.), 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. Note that though this may change the spacing between neighboring cyclic shifts, it does not increase the maximum number of cyclic shifts used for each comb. In other words, the same table being used in the current standard of TS 38.211 is still applicable and unaltered:

Table 6.4.1.4.2-1: Maximum number of cyclic shifts  as a function of .
	
	

	2
	8

	4
	12

	8
	6



Proposal 6: For SRS cyclic shift hopping, support k (k = 1, 2, …, K) times finer cyclic-shift-domain granularity for a cyclic shift in cyclic shift hopping.
•	Note: The finer granularity above only applies to the cyclic shift offsets when cyclic shift hopping is enabled.
•	Note: This does not increase the maximum number of cyclic shifts. 

Relation between comb offset hopping and cyclic shift hopping: separate and/or combined hopping 
Comb offset hopping and cyclic shift hopping can be separately configured or even combined (i.e., joint hopping) for one SRS resource at the same time for further increased benefit of interference randomization, but in practice it may be easier to configure only one at a time to avoid complicated interactions between them. For separately configured comb offset hopping and cyclic shift hopping for a SRS resource at the same time, the same hopping patterns for all the SRSs on the overlapping time/frequency resources across multiple UEs have to be ensured, only different by their initial configured comb offsets and/or cyclic shifts. This can be subject to gNB’s decision unless the standards prevent it for complexity concerns.
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 in the 2-dimensional resource grid. For simplicity, we prefer separate hopping.
Proposal 7: A SRS resource can be configured with only one of cyclic shift hopping and comb offset hopping at a time.

Relation between the legacy group / sequence hopping and the new hopping
We had the following agreement:
Agreement
Whether SRS comb offset hopping can be combined with one of group / sequence hopping on a SRS resource depends on UE feature/capability design.
1. [bookmark: _Hlk134433983]FFS: Whether SRS cyclic shift hopping can be combined with one of group / sequence hopping on a SRS resource depends on UE feature/capability design. 
FFS: UE feature/capability design details.

What needs to be further discussed here is whether SRS cyclic shift hopping can be combined with one of group / sequence hopping on a SRS resource. Opponents to combining the hopping schemes argue that, cyclic shift hopping and group / sequence hopping are all randomization schemes in code / cyclic shift domain, and then their combination does not bring additional performance benefit to the system. Specially, [3] demonstrated using simulations that, cyclic shift hopping can already achieve most of randomization benefits, and combining group / sequence hopping on top of it brings almost no additional benefits. The evaluation results seem convincing. Hence, we think unless other benefits can be proven, there is no need to combine cyclic shift hopping with group / sequence hopping.
Proposal 8: Do not support SRS cyclic shift hopping combined with one of group / sequence hopping on a SRS resource at the same time.
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
	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 
Comb 8: 4

	# OFDM symbols for a resource w/ TDM
	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 remaining details with or without 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)
Cyclic shift positions
We had the following agreement:
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), and when the resource is assigned with comb 4 or comb 8, decide one of the following options:
1. Option 1: the cyclic shift positions are completely aligned across the comb offsets on the same OFDM symbol.
0. For comb =4, . For comb =8, . For port , .
1. Option 2: the cyclic shift positions are unaligned across the comb offsets on the same OFDM symbol for comb 4, and the cyclic shift positions are aligned on only 2 of the 4 comb offsets on the same OFDM symbol for comb 8.
1. For comb =4, . For comb =8, .  Example: For port , . FFS equation details.
1. FFS: potential impact on PAPR, if any.

Option 1 is to configure the same cyclic shift locations on all comb offsets for simplicity, as one parameter is sufficient for specifying all cyclic shift locations on all (multiple) comb offsets, which may be seen as an extension of existing 4-port SRS design with comb 8. On the other hand, Option 2 is a little more complex as the cyclic shifts are placed differently on different comb offsets, specifically, it attempts to maximize the spread of cyclic shifts over all the comb offsets, which may be seen as an extension of existing SRS design except for 4 ports with comb 8.  
For example, for 2 comb offsets for comb 4 (in which  = 12), if on comb offset 0 the 4 ports are on {CS0, CS3, CS6, CS9}, then on comb offset 2, the options are:
Option 1: {CS0, CS3, CS6, CS9} (aligned CSs across comb offsets)
Option 2-1: {CS1, CS4, CS7, CS10} (un-aligned CSs across comb offsets)
Option 2-2: {CS2, CS5, CS8, CS11} (un-aligned CSs across comb offsets)
If Option 1 is supported, then one parameter, e.g., CS0, is sufficient for specifying all cyclic shift locations over the 2 comb offsets. As a result, a low-PAPR sequence is transmitted over comb offset 0 on CS0, and the same sequence is also transmitted over comb offset 2 on CS0, so it may become unclear whether combined transmission on CS0 still has the low-PAPR property (depending on UE RF architecture), if the 2 ports on CS0 is sent from the same PA.
On the other hand, if Option 2 is to be supported, then it needs to be decided which of Options 2-1 and 2-2 should be supported, or two parameters (e.g., CS0 on comb offset 0 and CS1 on comb offset 2) are needed to specify the cyclic shift locations over the 2 comb offsets. For 4 comb offsets, four parameters (e.g., CS0 on comb offset 0, and CS1 on comb offset 2, CS0 on comb offset 4, and CS2 on comb offset 6) are needed to specify the cyclic shift locations. This is why Option 2 in the agreement provides only an example, and further decision has to be made.
In order to progress, we can study, for an 8-port SRS resource configured with multiple comb offsets, whether to allow a same cyclic shift location to be configured on more than one comb offset of the same OFDM symbol based on PAPR related evaluations, considering the case that the 8 ports may share the same PA(s), which may depend on UE RF design.
We have conducted the PAPR evaluations for an 8-port SRS resource with unaligned cyclic shifts or (partially/completely) aligned cyclic shifts, for different comb settings, different PRB numbers, and all possible 1024 SRS sequence identities, assuming the same PA is used for different ports on the same cyclic shift. The results show that the PAPR is indeed an issue for aligned cyclic shifts if the 8 ports share PA(s):
For comb 2, the PAPR increase due to aligned cyclic shifts is about 0~3 dB. 
For comb 4, the PAPR increase due to aligned cyclic shifts is about 1~3 dB. 
For comb 8, since there are only 6 possible cyclic shift locations, the cyclic shifts assigned to the 8 ports have to be partially aligned (e.g., [CS0,CS3], [CS1,CS4], [CS2,CS5], and [CS0,CS3] are used for the 8 ports on 4 comb offsets) or fully aligned ([CS0,CS3] are used for the 8 ports on 4 comb offsets). With 0.7 probability the PAPR increase from the partially aligned is about 0~1 dB, but with 0.3 probability there is a reduction of about 0~1 dB.  
Therefore, under the assumption that the same PA is used for different ports on the same cyclic shift, it is desirable to avoid (fully) aligned cyclic shifts if possible in 8-port SRS cyclic shift design. 
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Figure 2 PAPR evaluations for 8-port SRS, for comb 2, 4, and 8 respectively. For each CDF curve, the PAPR values are obtained from all possible SRS sequence identities (0~1023) and 5 different SRS bandwidths (16, 32, 48, 64, 80 PRBs), and assuming the SRS on 8 ports are transmitted on the same PA. The PAPR value is computed based on the 99%ile highest power divided by the average power.
Once again, we emphasize that the PAPR evaluation assumes the SRS ports are sent from the same PA, but if different PAs are used for different ports as most UEs are, there is no such PAPR issue. We can see more inputs from UE vendors.  
Proposal 9: 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), and when the resource is assigned with comb 4 on 2 comb offsets (=4, ) or comb 8 on 4 comb offsets (=8, ), decide one of the following options:
1. [bookmark: _Hlk126944115]Option 1: the cyclic shift positions are completely aligned across the comb offsets on the same OFDM symbol.
1. For port , .
1. Option 2: the cyclic shift positions are unaligned across the comb offsets on the same OFDM symbol for comb 4, and the cyclic shift positions are aligned on only 2 of the 4 comb offsets on the same OFDM symbol for comb 8.
1. Option 2-1: For port , .
1. Option 2-2: For port , .
Comb and cyclic shift design for an 8-port SRS resource with TDM 
[bookmark: _Hlk126944076]As agreed in the last meeting, on each of the m OFDM symbols, there should be exactly 8/s ports. The ports TDMed on the s OFDM symbols of a group of {1, 2, …, s} should be different and on each OFDM symbol the legacy resource mapping (e.g., PRB / comb offset allocations) are reused. The same subcarriers are to be used on the s OFDM symbols of a group of {1, 2, …, s} for the 8 ports. When more than s OFDM symbols are configured for a slot, the cyclic pattern of {{1, 2, …, s}, …, {1, 2, …, s}} is to be used.
TDM factor s
The value for the TDM factor s has been discussed, and most companies support s = 2. Regarding the other candidate values 4 and 8, there are a large number of companies supporting s = 4 but much fewer for s = 8. In our view, s = 4 is motivated, which can help boost per-port transmission power without SRS repetition (subject to UE capability). It may also be helpful for the cases of long delay / delay spread. However, there seems to be no strong use cases for s = 8 which requires 8 consecutive OFDM symbols to transmit one SRS resource, and if any of the 8 symbols is in collision with other transmission and dropped, it may affect the channel estimation at the gNB. It is also not very clear how many UEs can support CAP 1 (every PA can transmit at 23 dBm) to enjoy the full benefit of TDMed ports on 8 OFDM symbols. So at least for Rel-18, we should focus on s = 2 or 4. 
Proposal 10: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM, support TDM factor s = 4.
TDM power control
One advantage of using TDMed 8-port SRS is that the per-port transmission power may be higher, and hence channel estimation performance can be improved. Along this line, several suggestions have been provided by the group, focused on power boosting. 
In the current TS 38.213, it is specified that:
	7.3 Sounding reference signals
For SRS, a UE splits a linear value  of the transmit power  on active UL BWP  of carrier  of serving cell  equally across the configured antenna ports for SRS.


Clearly, this was defined without considering TDM. When the number of the configured antenna ports for SRS is 8 but only 4 (using s = 2 as an example) ports are transmitted on an OFDM symbol, using the current specification in a literal way would result in the same per-port power and hence only half of the per-symbol power. Therefore, it is proposed to remedy this issue by changing the specification to “For SRS, a UE splits a linear value  of the transmit power  on active UL BWP  of carrier  of serving cell  equally across the antenna ports configured on each OFDM symbol for SRS.”
However, this may lead to some other issues. For example, on each OFDM symbol, can the UE actually transmit at  with only 8/s ports? Of course, this depends on UE capability/power class and the TDM factor s. Some argue that in order to attain the benefits of TDM, the UE should have such a capability, otherwise there is no point in UE reporting to support TDM and gNB configuring TDM for this UE, especially a motivation to support 8-port SRS is targeting CPE/FWA/vehicle/industrial devices. Other argue that even if the UE cannot transmit at  with only 8/s ports on an OFDM symbol, it may be capable of transmitting at a power level lower than  but higher than  with 8/s ports on an OFDM symbol (depending on factors such as UE power class, pathloss, resource allocation, etc.), and hence it can still enjoy partial benefit of TDM. Regarding at what power level the UE can transmit on an OFDM symbol, some suggest to redefine  (which has RAN4 spec impact) while some others suggest to introduce a scaling factor. In addition, there are proposals suggesting to maintain the same SRS transmission power over the s OFDM symbols (or even the m OFDM symbols), which is not difficult to achieve except for the cases of unbalanced PAs (e.g. 20+20+14+14+14+14+14+14 dBm).
To proceed, we propose to consider simpler cases first and then move on to more complicated cases.
1. For the following Power Class 3 UEs:
1. A UE with each PA capable of transmitting with at least 17 dBm and TDM factor s = 2,
1. A UE with each PA capable of transmitting with at least 20 dBm and TDM factor s = 4 (if supported),
the UEs are capable of transmitting at  per OFDM symbol with 8/s ports. It is sufficient to introduce to the specification only “For SRS, a UE splits a linear value  of the transmit power  on active UL BWP  of carrier  of serving cell  equally across the antenna ports configured on each OFDM symbol for SRS.”
1. For other Power Class 3 UEs:
1. First the group needs to decide if TDM is supported for these UEs.
1. If supported, to avoid over complication, it is preferable to reuse existing power control mechanism “splits a linear value  of the transmit power  on active UL BWP  of carrier  of serving cell  equally across the configured antenna ports for SRS”. The UE will not be able to enjoy the full advantages of TDM due to its capability limitation, but it may still receive some limited benefits of TDM (e.g., if the SRS delay spread is long, the 8 ports can be separated to s OFDM symbols to reduce interference).
Proposal 11: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM onto m≥2 OFDM symbols in a slot and with TDM factor s > 1, the UE splits a linear value  of SRS transmission power equally across the SRS ports configured on each OFDM symbol, if the UE is capable of transmitting at  per OFDM symbol with 8/s ports, where  is specified in the current specifications.
· For the cases where the UE is incapable of transmitting at  per OFDM symbol with 8/s ports:
· Decide whether TDM is applicable to these cases or not.
· FFS: If supported, reuse existing mechanism of the UE splitting a linear value  of SRS transmission power equally across the configured SRS ports.
Resource allocation for the s subsets of ports over s OFDM symbols
We have the following agreement with FFS:
Agreement 
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM with TDM factor s, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), the SRS transmissions within each of the m/s groups of {1, 2, …, s} use the same set of subcarriers. If consecutive groups of {1, 2, …, s} are configured as repetition, then the SRS transmissions of the consecutive groups use the same set of subcarriers.
· Note: applicable to the SRS resource with or without FH/RPFS.
· [bookmark: _Hlk134541110]FFS the scenario where comb offset hopping is configured for the SRS resource.
A key decision to make, which will impact the specifications, is to decide how to interpret repetition when TDM is configured. There are two interpretations:
· Interpretation 1: R is a multiple of s, and the group of {1,2,…,s} is repeated R/s times in the slot.
For this interpretation, the s OFDM symbols for TDM are viewed as a type of repetition since they are assigned with exactly the same frequency-domain resources. Different from legacy repetition in which the ports are the same over the repeated OFDM symbols, for TDM, the ports are not repeated for each of the s OFDM symbols.
· Interpretation 2: The group of {1,2,…,s} is repeated R times in the slot.
Based on the best of our knowledge, either interpretation works and can have their respective advantages in terms of how much of the existing specifications/equations needs to be modified. In our view, Interpretation 2 is a more natural extension of the legacy mechanism and is preferred.
In addition, it is desirable that the group of {1,2,…,s} is transmitted together within each slot and it would not occur that a subset of the ports cannot fit into the m OFDM symbols of a slot. For example, when s = 2, R = 3, it is not preferred to configure m = 5 and the transmissions are {{1,2},{1,2},{1}}. Therefore, we suggest that m is a multiple of s∙R.
Furthermore, if comb offset hopping is configured for the SRS resource with TDM, when multiple groups of {1,2,…,s} are transmitted, across the groups the hopping pattern can follow the configuration to be determined in Sec. 2.1.1 for comb offset hopping. Within each group of {1,2,…,s}, there can be hopping or non-hopping. With hopping, it is easier to allow multiplexing with other SRS, but without hopping, it may simplify UE/gNB behavior. Overall, we slightly prefer to non-hop within each group of {1,2,…,s}. 
Proposal 12: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, with TDM factor s > 1, m ≥ 2 OFDM symbols in a slot, and repetition factor R, adopt the following interpretation:
· Interpretation 2: The group of {1,2,…,s} is repeated R times in the slot.
Proposal 13: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, with TDM factor s > 1, m ≥ 2 OFDM symbols in a slot, and the group of {1,2,…,s} is repeated R times in the slot, m is a multiple of sR.
Proposal 14: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, with TDM factor s > 1, configured with comb offset hopping, the time-domain hopping behavior depends on the OFDM symbol index l' of the first symbol within the group of {1,2,…,s}.
Collision handling 
We have the following agreement for further study:
Agreement 
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and with TDM factor s > 1, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when the SRS transmission on a subset of the s OFDM symbols within a group of {1, 2, …, s} is dropped, study at least the following solutions:
· Whether or not a UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}, based on, for example, the usage, coherency, and/or repetition configuration.
· Whether or not a UE changes the transmission order of the subsets of ports.
The existing baseline for SRS collision handling is to drop SRS transmission on a per-symbol basis. This works well for non-TDMed SRS resource. For TDMed SRS ports, however, if the transmission within one group of {1,2,…,s} is dropped on an OFDM symbol, then it is possible that the rest of the SRS transmissions in the group may not be useful to the gNB, especially when the dropped port(s) and other port(s) are in one coherent group. In addition, for subsequent PUSCH transmission relying on the SRS resource with usage codebook, when some ports of the SRS resource are dropped and others are transmitted, it may be unclear what the SRI is referring to. 
To resolve these issues, the simplest approach would be to drop all transmissions within the group of {1,2,…,s} upon the dropping of any of them. If more “precision” is desired, the UE can drop all transmissions within a coherent group of ports upon the dropping of any of them, and across different coherent groups, the dropping can be independently decided.
More complicated optimization can also be considered. In fact, when SRS repetition is configured, dropping on one OFDM symbol should not affect the gNB’s capability of estimating the channel for each port. Within the m OFDM symbols configured for the SRS resource in a slot, as long as one complete set of the 8 ports can be transmitted, there is no need to drop the entire group(s) of {1,2,…,s}. Moreover, the UE can decide to swap the transmissions of some ports based on the dropping which can help preserve the sounding of all 8 ports. The gNB and the UE know the dropping and swapping, so there is no issue with the network and UE “out of sync”. However, the approach is much more complicated and may not be preferred by UE/network vendors.
Proposal 15: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and with TDM factor s > 1, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when the SRS transmission on a subset of the s OFDM symbols within a group of {1, 2, …, s} is dropped:
· If m/s = 1, UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}.
· If m/s > 1, 
· If a complete set of the 8 ports can be transmitted on the OFDM symbols not affected by the dropping, then UE transmits the SRS on the rest of m OFDM symbols.
· Otherwise, UE drops the SRS transmission on all the m OFDM symbols.

Port mapping within a set of s OFDM symbols for 8 ports
Port mapping within a set of s OFDM symbols can be further discussed. 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 locations 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}. However, more ways of splitting may still be considered, especially if guidance from agenda item 9.1.4.2 is provided, which may be pertained to UE coherent port group design.
To map the ports on an OFDM symbol to the cyclic shift locations, 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.
To illustrate, in below table, an 8-port SRS resource configured with s = 2 and m = 8 is shown, assuming cyclic mapping.

Table 4 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 16: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, configured with TDM splitting factor s > 1, within a set of s OFDM symbols, ports {1000, …, 1000+p-1} are mapping onto 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]RRC parameters
An initial list of RRC parameters is provided below for information. Most of the entries are straightforward from the existing agreements. Entries in square brackets are still to be decided.

	Sub-feature group
	RAN2 Parent IE
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific

	RS-SRS
	SRS-Resource
	combOffsetHopping
	New
	 
	Parameter for configuring comb offset hopping 
	{Configued, Not configured}
	 
	Per SRS resource
	UE-spefic

	RS-SRS
	SRS-Resource
	cyclicShiftHopping
	New
	 
	Parameter for configuring cyclic shift hopping 
	{Configued, Not configured}
	 
	Per SRS resource
	UE-spefic

	RS-SRS
	SRS-Resource
	hoppingId
	New
	 
	ID used to initialize pseudo random comb offset hopping or cyclic shift hopping
	INTEGER (0..1023)
	 
	Per SRS resource
	UE-spefic

	RS-SRS
	SRS-Resource
	combOffsetHoppingWithRepetition
	New
	 
	Parameter for configuring comb offset hopping time-domain hopping behavior for repetition factor R>1
	TBD
	 
	Per SRS resource
	UE-spefic

	RS-SRS
	SRS-Resource
	[hoppingReinitializationPeriodicity]
	New
	 
	[Parameter for configuring comb offset hopping or cyclic shift hopping pseudo random sequence reinitialization periodicity]
	[>=1]
	 
	Per SRS resource
	UE-spefic

	RS-SRS
	SRS-Resource
	nrofSRS-Ports
	Existing
	 
	Number of ports; adding n8 for 8 ports
	n8
	 
	Per SRS resource
	UE-spefic

	RS-SRS
	SRS-Resource
	[tdm]
	New
	 
	[Parameter for configuring TDM for 8-port SRS]
	TBD
	 
	Per SRS resource
	UE-spefic



Conclusions
In this contribution, we present our views on the support for SRS enhancements targeting TDD CJT and 8Tx operation. We have the following proposals.
SRS enhancements targeting TDD CJT
Proposal 1: For a SRS resource configured with comb offset hopping and repetition factor R > 1, support adding a one-bit RRC parameter to configure one of the following within a slot:
· The time-domain hopping behavior depends on the OFDM symbol index l' of each symbol, OR
· The time-domain hopping behavior depends on the OFDM symbol index l' of the first symbol across the R repetitions.
Proposal 2: For SRS comb offset hopping / cyclic shift hopping with reinitialization periodicity N, the reinitialization is done at the beginning of SFNs 0, N, 2N, 3N, …, , and down select from one of the following options:
· Option 1B: N is fixed to be 1024
· Option 2A:  for some n = 0, 1, 2, …, 10, and n is configured via RRC configuration.
Proposal 3: For SRS comb offset hopping and/or cyclic shift hopping  hopping values, the hopping pattern formula is given by
·  for comb offset hopping
·  for cyclic shift hopping

Proposal 4: Support configuring a subset of comb offsets when comb offset hopping is configured, and configuring a subset of cyclic shifts when cyclic shift hopping is configured.
Proposal 5: SRS comb offset hopping and/or cyclic shift hopping are applicable to:
· Aperiodic SRS 
· SRS with usage other than antennaSwitching.
Proposal 6: For SRS cyclic shift hopping, support k (k = 1, 2, …, K) times finer cyclic-shift-domain granularity for a cyclic shift in cyclic shift hopping.
•	Note: The finer granularity above only applies to the cyclic shift offsets when cyclic shift hopping is enabled.
•	Note: This does not increase the maximum number of cyclic shifts. 
Proposal 7: A SRS resource can be configured with only one of cyclic shift hopping and comb offset hopping at a time.
Proposal 8: Do not support SRS cyclic shift hopping combined with one of group / sequence hopping on a SRS resource at the same time.
SRS enhancements targeting 8Tx operation
Proposal 9: 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), and when the resource is assigned with comb 4 on 2 comb offsets (=4, ) or comb 8 on 4 comb offsets (=8, ), decide one of the following options:
1. Option 1: the cyclic shift positions are completely aligned across the comb offsets on the same OFDM symbol.
1. For port , .
1. Option 2: the cyclic shift positions are unaligned across the comb offsets on the same OFDM symbol for comb 4, and the cyclic shift positions are aligned on only 2 of the 4 comb offsets on the same OFDM symbol for comb 8.
1. Option 2-1: For port , .
1. Option 2-2: For port , .
Proposal 10: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM, support TDM factor s = 4.
Proposal 11: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM onto m≥2 OFDM symbols in a slot and with TDM factor s > 1, the UE splits a linear value  of SRS transmission power equally across the SRS ports configured on each OFDM symbol, if the UE is capable of transmitting at  per OFDM symbol with 8/s ports, where  is specified in the current specifications.
· For the cases where the UE is incapable of transmitting at  per OFDM symbol with 8/s ports:
· Decide whether TDM is applicable to these cases or not.
· FFS: If supported, reuse existing mechanism of the UE splitting a linear value  of SRS transmission power equally across the configured SRS ports.
Proposal 12: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, with TDM factor s > 1, m ≥ 2 OFDM symbols in a slot, and repetition factor R, adopt the following interpretation:
· Interpretation 2: The group of {1,2,…,s} is repeated R times in the slot.
Proposal 13: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, with TDM factor s > 1, m ≥ 2 OFDM symbols in a slot, and the group of {1,2,…,s} is repeated R times in the slot, m is a multiple of sR.
Proposal 14: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, with TDM factor s > 1, configured with comb offset hopping, the time-domain hopping behavior depends on the OFDM symbol index l' of the first symbol within the group of {1,2,…,s}.
Proposal 15: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and with TDM factor s > 1, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when the SRS transmission on a subset of the s OFDM symbols within a group of {1, 2, …, s} is dropped:
· If m/s = 1, UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}.
· If m/s > 1, 
· If a complete set of the 8 ports can be transmitted on the OFDM symbols not affected by the dropping, then UE transmits the SRS on the rest of m OFDM symbols.
· Otherwise, UE drops the SRS transmission on all the m OFDM symbols.
Proposal 16: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, configured with TDM splitting factor s > 1, within a set of s OFDM symbols, ports {1000, …, 1000+p-1} are mapping onto 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].

RAN1#112:
Agreement
For SRS interference randomization, support:
· Opt. 3: Both cyclic shift hopping and comb offset hopping. 
· At least the two features can be separately configured
· FFS: Combined cyclic shift hopping and comb offset hopping for a UE
· FFS: Separate or combined with SRS sequence group hopping / sequence hopping 
· FFS: Associated UE capability
Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port, the hopping pattern is determined based on the pseudo-random sequence c(i), initialized with one of the following IDs.
· Option 1: Reuse the SRS sequence identity .
· Option 2: Introduce new ID(s).
· FFS: the value range, one new ID or two separate new IDs, default ID(s)
Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM onto m ≥ 2 OFDM symbols in a slot and with TDM factor s, support the 8 ports equally partitioned into s subsets with each subset having 8/s different ports.
· At least s = 2. 
· FFS: s = 4, s = 8.
· m = 2,4,8, 10,12,14, and m is a multiple of s.
· Each of the m OFDM symbols has only one subset. Reuse the existing resource mapping designed for 8/s ports on each OFDM symbol.
· Including frequency-domain resource allocation and mapping to cyclic shifts. FFS port indexing within the subset of 8/s ports.
· FFS: down selection from existing resource mapping designs
· FFS: which subset of 8/s ports are mapped onto each OFDM symbol.
· FFS: the TDM factor s is configured as an explicit RRC parameter or determined implicitly from other parameters. 
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 non-TDMed schemes (repetition, frequency hopping, partial sounding, or a combination thereof), 
· Option 2: For comb 4, do not support 4 comb offsets.
Agreement
For SRS comb offset hopping and/or cyclic shift hopping, the time-domain hopping behavior depends on at least the slot index  within a radio frame and OFDM symbol index , and select at least one of the following options:
· Option 1: Within a slot, hopping based on the repetition factor  and symbol index that is the same across the R repetitions.
· Option 2: Within a slot, hopping based on only the symbol index .
· Option 3: No intra-slot hopping.
· FFS: Time domain hopping behaviour further depends on system frame number (SFN) .
· FFS:  reinitialization periodicity of N radio frames or reinitialization based on system frame number.
· FFS: Whether to adopt the same option(s) for comb offset hopping and cyclic shift hopping (if supported separately)
· FFS: At least support reinitialization at the beginning of each radio frame. 
Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM onto m ≥ 2 OFDM symbols in a slot and with TDM factor s ≥ 2, the m OFDM symbols are adjacent, and select one of the following options regarding the TDM pattern:
· Option 2-1: the s subsets of ports are mapped cyclically as {1, 2, …, s,1, 2, …, s} on the m OFDM symbols.
· Option 2-2: the s subsets of ports are mapped sequentially as {1, …, 1, 2, …, 2, s, …, s} on the m OFDM symbols.
Conclusion
No consensus to support the following for TDD CJT SRS enhancement in Rel-18:
· Further enhancements to frequency hopping 
· Sequence hopping/randomization, per-hop sequence from a long SRS sequence
· Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment
· Precoded SRS for DL CSI acquisition
· Pseudo-random muting of SRS transmission for periodic and semi-persistent SRS 
· Configuration of  (sequence index within a group) per SRS resource
· Multiplying mask sequence to the legacy SRS sequence
Conclusion
No consensus to support SRS TD OCC for TDD CJT SRS enhancement in Rel-18.
RAN1#112bis-e:
Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for a SRS resource, the hopping pattern initialization ID determined by , where  is a new ID for cyclic shift hopping and/or comb offset hopping.
· The range of the new ID is from 0 to 1023
Agreement
For a SRS resource configured with comb offset hopping and/or cyclic shift hopping, 
· If the repetition factor R = 1, within a slot, the time-domain hopping behavior depends on the OFDM symbol index  of each symbol.
· If the repetition factor R > 1, 
· For cyclic shift hopping, within a slot, the time-domain hopping behavior depends on the OFDM symbol index  of each symbol.
· For comb offset hopping, within a slot, the time-domain hopping behavior depends on one of the following alternatives:
· Alt1: The OFDM symbol index  of the first symbol across the R repetitions.
· Alt2: The OFDM symbol index  of each symbol.
· Alt3: The OFDM symbol index  of each symbol or the first symbol across the R repetitions based on configuration, and FFS configuration details.
Agreement
For a SRS resource configured with comb offset hopping, if the repetition factor R > 1, within a slot, the time-domain hopping behavior depends on the OFDM symbol index l' of each symbol or the first symbol across the R repetitions based on RRC configuration, and FFS configuration details.
· UE can indicate whether it supports one or both the options. Details to be discussed in UE feature.
Agreement
For SRS comb offset hopping / cyclic shift hopping, support reinitialization at the beginning of every N radio frame(s), where N ≥ 1.
· FFS: N is fixed or configurable.
Agreement
Whether SRS comb offset hopping can be combined with one of group / sequence hopping on a SRS resource depends on UE feature/capability design.
1. FFS: Whether SRS cyclic shift hopping can be combined with one of group / sequence hopping on a SRS resource depends on UE feature/capability design. 
FFS: UE feature/capability design details.
Conclusion
No consensus on enhanced per-TRP power control and/or power control of one SRS towards to multiple TRPs 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), and when the resource is assigned with >1 comb offsets, determine the mapping from the ports to comb offsets as follows:
· If =2, ports {1000, 1002, 1004, 1006} are mapped on the first comb offset, and {1001, 1003, 1005, 1007} on the second comb offset 
· If =4, ports {1000, 1004} are mapped on the first comb offset, {1001, 1005} on the second comb offset, {1002, 1006} on the third comb offset, and {1003, 1007} on the fourth comb offset.

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), and when the resource is configured with comb  and with maximum  cyclic shifts per comb offset, the number of comb offset(s) and the cyclic shift locations are determined based on the one RRC configured cyclic shift location  as follows:
· If , then 1 comb offset is used, otherwise 2 comb offsets are used. 
· The 8 cyclic shift locations for the 8 ports are {) mod ) mod , reusing the existing equation  in 38.211 6.4.1.4.2.
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), and when the resource is assigned with comb 4 or comb 8, decide one of the following options:
1. Option 1: the cyclic shift positions are completely aligned across the comb offsets on the same OFDM symbol.
19. For comb =4, . For comb =8, . For port , .
1. Option 2: the cyclic shift positions are unaligned across the comb offsets on the same OFDM symbol for comb 4, and the cyclic shift positions are aligned on only 2 of the 4 comb offsets on the same OFDM symbol for comb 8.
20. For comb =4, . For comb =8, .  Example: For port , . FFS equation details.
1. FFS: potential impact on PAPR, if any.
Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM onto m ≥ 2 OFDM symbols in a slot and with TDM factor s, the s subsets of ports are mapped cyclically as {{1, 2, …, s}, …, {1, 2, …, s}} on the m OFDM symbols.
Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and resource mapping based on TDM with TDM factor s, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), the SRS transmissions within each of the m/s groups of {1, 2, …, s} use the same set of subcarriers. If consecutive groups of {1, 2, …, s} are configured as repetition, then the SRS transmissions of the consecutive groups use the same set of subcarriers.
1. Note: applicable to the SRS resource with or without FH/RPFS.
1. FFS the scenario where comb offset hopping is configured for the SRS resource.
Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and with TDM factor s > 1, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when the SRS transmission on a subset of the s OFDM symbols within a group of {1, 2, …, s} is dropped, study at least the following solutions:
1. Whether or not a UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}, based on, for example, the usage, coherency, and/or repetition configuration.
Whether or not a UE changes the transmission order of the subsets of ports.

Appendix 2: Simulation assumptions
The following table summarizes some key assumptions for the simulations in this contribution. 
	Table 5 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. Note that UE2 is configured with a subset of cyclic shifts for its hopping to avoid collisions with other SRS ports; see Sec. 2.1.4. (Only 1 port per UE is shown for simplicity here). 


[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: 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] (with a CS subset configured for hopping).

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. Similar to above, UE2 is configured with a subset of cyclic shifts for its hopping to avoid collisions with other SRS ports.

[image: ]
Figure 4 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 (with a CS subset configured for hopping). 

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 (i.e., the UE is configured with a subset of comb offsets for its comb offset hopping to avoid collisions with other SRS ports; see Sec. 2.1.4), and the performance of ports for UE1 and UE2 becomes more even, which is desirable.


[image: ]
Figure 5 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. UE2 is configured with a subset of comb offsets for its comb offset hopping to avoid collisions with other SRS ports

[image: ]
Figure 6 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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