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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 8 Tx 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.

24 contributions [2-25] have been submitted to Agenda Item 9.1.3.2 of RAN1#114 on SRS Enhancements targeting TDD CJT and 8 Tx operations. Main views and further discussion points based on these contributions are collected in this document. Any additional inputs from any company can also be provided in this document.

SRS enhancements to manage inter-TRP cross-SRS interference targeting TDD CJT
Subset(s) for cyclic shift hopping and comb offset hopping
We had the following agreement:
Agreement
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.
· The subset configuration applies to all the port(s) in the SRS resource, and all the port(s) in the SRS resource has (have) the same hopping offset value  on an OFDM symbol.
· This is a UE-optional feature.

The details about the subset configuration and corresponding behaviors need further decisions. The general positions are:
Option 1: The subset is configured using a new RRC parameter which includes z () integer values for hopping offsets.
· Supporting: CATT, CMCC, Futurewei, Huawei, HiSilicon, Lenovo, LG, New H3C, Qualcomm, Samsung, vivo, xiaomi, ZTE (13)
· Option 1a: The subset S={S(0),S(1),…,S(z-1)} is configured using a new RRC parameter which includes the z integer values for hopping offsets.
· Supporting: Fijitsu, CMCC, Futurewei, Nokia, Nokia Shanghai Bell, vivo (6)
· Option 1b: The subset S={S(0),S(1),…,S(z-1)} is configured using a new RRC parameter which includes a Z-length bitmap for hopping offsets, with S(i-1) being the i-th bit set as 1.
· Supporting: Apple, CMCC, Fijitsu, InterDigital, Lenovo, LGE, NEC, OPPO, Nokia, Nokia Shanghai Bell, Qualcomm, Samsung (length Z-1), ZTE (13)
· Option 1c: The subset is configured using a new RRC parameter which includes one or more regions/segments/groups of (consecutive or evenly-spaced) integer values for hopping offsets.
· Supporting: China Unicom, CMCC, Futurewei, Huawei, HiSilicon, InterDigital, Lenovo, New H3C, NTT DOCOMO, OPPO, Sharp, Spreadtrum, vivo, xiaomi (14)
· Option 1d: The number of subsets is fixed as 2, and a subset is configured with one or more integer values for hopping offsets.
· Supporting: xiaomi 
Option 2: The subset is explicitly configured by legacy parameters cyclicShift and combOffset for cyclic shift hopping and comb offset hopping, respectively.
· Supporting: Ericsson, InterDigital, NTT DOCOMO (3)

We will have to achieve consensus within a limited time in order to complete this item in time. Proponents of the options are encouraged to discuss offline and try to align as much as possible. We should aim at being able to formulate a majority view before the first online. 
To progress here, I suggest focusing on Option 1 which has more proponents, while in the meantime consolidating the sub-options under Option 1.

Proposal 2.1: When a subset of comb offsets for comb offset hopping is configured, and when a subset of cyclic shifts for cyclic shift hopping is configured, down select one from the following options for configuring the subset S={S(0), S(1), …, S(z-1)} with , where  for comb offset hopping and  for cyclic shift hopping, and:
Option 1a: S(0), S(1), …, S(z-1) are explicitly included in the RRC configuration.
Option 1b: S(0), S(1), …, S(z-1) are configured via a Z-length bitmap with S(i-1) being the i-th bit set as 1.
Option 1c: S(0), S(1), …, S(z-1) are configured based on group(s) of consecutive or evenly-spaced integer values.


	Company
	View

	QC
	Support Option 1b. 
For Option 1a: This is equivalent to 1b, but the RRC overhead is larger if the subset includes many of the possible values. In other words, the worst-case RRC overhead of Option 1b is less than Option 1a.
For Option 1c: This is a complicated RRC signaling design also leading to more complicated hopping formulas. Regions/segments/groups need to be discussed and defined. We do not support this option.
For Option 1d or 2: Not sure if these options provide enough flexibility, e.g., if we only need to avoid one legacy UE with a single SRS port. We do not support.

	Samsung
	Support Option 1b with “Z-1”length bitmap or Option 1c.
1a: This requires larger RRC overhead.
1b: This achieves full-flexible subset, but requires RRC overhead of all comb-offset or cyclic shift, which the maximum value can be 8 or 12, respectively. Also, we don’t see all Z-length bitmap is needed. At least a bit for an initial point (comb-offset or cyclic shift value configured by current RRC parameter) is not needed. Hence we support Z-1 length bitmap, and initial point is included in a subset without RRC configuration.
1c: We think that full-flexibility of 1b is not needed considering making subset, real deployment and RRC overhead which can be moderate by using this option. Also, especially for cyclic shift hoping, subset with consecutive segments can help to avoid interference which is coming from different distance between UE and two TRPs.
1d: Actually we supported this option, but it may have less flexibility.
2: We don’t understand how it works to make subset, because legacy parameters’ codepoint have their own meaning.

	Google
	Support proposal 2.1 in principle. For SP-SRS and AP-SRS, we think we can consider a more flexible manner to select the subset. We suggest adding the following bullets:
FFS: subset indication by MAC CE for SP-SRS or DCI for AP-SRS.


	OPPO
	Support Option 1b or 1c.
Option 1a needs higher RRC overhead, and Option 1d/c loses much flexibility. 

	Huawei, HiSilicon
	Support Option 1c and prefer to refine the wording as below to make it more straightforward.
Option 1c: S(0), S(1), …, S(z-1) are configured via a length representing the number of consecutive available CSs/COs
Regarding option 1a, as already mentioned by several companies, it may bring unnecessarily huge RRC overhead.
Regarding option 1b, we believe one of the reasonable SRS resource allocation methodology is to allocate adjacent CSs for both Rel.18 UEs and Rel.15 UEs as below, which facilitates the design of SRS resource allocation algorithm, rather than allocating alternate CSs for Rel.18 UEs and Rel.15 UEs (or other weird allocation method with no performance benefit). As a consequence, the over-demand flexibility of option 1b seems unnecessary.
[image: cid:image001.jpg@01D9D035.AB2D5820]
Furthermore, the indication overhead of RRC signaling, although not seriously treated as DCI overhead, actually also matters. We all know the current resource allocation for 4-port SRS resource even introduce a separate mechanism to save 1-bit RRC overhead, adopting bitmap-based method occupying up to 12 bits to enable many unnecessary allocation scenario, is not reasonable.
Regarding option 1c, as refined above, the current option 1c is pretty clear and the corresponding formula is very straightforward (e.g., as shown below)

where  represents configured length, which means the candidate offset values belong to {0, 1, …, }.

	CMCC
	OK with Option 1b or 1c.
Option 1a technically is the same as Option 1b. If we need to have a quick consensus on this issue, then Option 1b could be a simple solution.

	LGE
	Prefer option 1b.

	ZTE
	Support option 1b.
1a: Option 1a is equivalent to option 1b, but option1a requires much higher RRC overhead.
1b: Option 1b is the most straightforward and most flexible method. Regarding the length of the bitmap, we understand Samsung’s motivation to reduce the length to Z-1. The behind assumption is that the starting CS/CO position is included in the configured subset. However, whether this assumption is adopted should depend on gNB’s configuration, and the configuration method should provide the corresponding flexibility. BTW, 1-bit overhead reduction is very limited in RRC configuration.
1c: Option 1c is much less flexible than option 1b. Besides, option 1c is NOT straightforward enough and the corresponding hopping formula is very complex.
1d: We didn’t see the necessity to limit the number of subsets as 2.
2: Option 2 could lead to a very limited subset and thereby result in very limited enhancement of interference randomization.

	Lenovo
	Support the proposal. We prefer option 1c on account of smaller RRC signalling overhead. Also we can live with option 1b on account of simplicity.

	Sharp
	Support Option 1c.
In our view, the subset can be configured by configuring only “z”.
For example, when KTC = 8, Z = 8, and z = 4, a comb offset value is randomly determined among {0,1,2,3}. Additionally, an initial comb offset value   can be configured by higher layer parameter combOffset-n8 as any of {0,1,2,3,4,5,6,7}. As a result, since a comb value is determined as total of the comb offset value and the initial comb offset value, the comb value can be hopped within a range of 4 consecutive subcarriers at any starting subcarrier position.

	vivo
	Prefer the principle of option 1c. In our understanding, option 1c is raised to save the RRC overhead, which has the least overhead of RRC bits among three options. 
Based on the principle of option 1c, a simple way is to split the whole CS/CO pool into two subsets, where one subset is for Rel-18 SRS resources with CS/CO hopping, and the other subset is for legacy SRS resources. In this way, we think to configure the largest value S(z-1) of hopping offset is enough. For example, a new RRC parameter configures that the largest value of hopping offset is 3 for Rel-18 SRS resource when CS hopping is configured. In this case, initial CS + CS offset {0 or 1 or 2 or 3} is allowed based on the hopping formula. Meanwhile, the legacy SRS resource can be configured with CS out of the range of initial CS + CS offset {0 or 1 or 2 or 3} to avoid collision. 
Based on the above scheme, the RRC overhead is up to 4bits (i.e., for 12 CSs), which is smaller than 12bits based on bit mapping.
We would like to modify the option 1c as follows (Note: our modified option 1c is similar to Huawei’s revision, we would like to make the expression more intuitive to show the motivation).
Option 1c: S(0), S(1), …, S(z-1) are configured by the largest value S(z-1) of hopping offset of CS/CO, where S(0), S(1), …, S(z-1) is consecutive from 0.

	NTT DOCOMO
	Prefer Option 1c. We tend to agree with Huawei’s analysis as one of the realistic assumptions. SRS from legacy UEs can be handled by NW as well, so pursuing the flexibility for the subset config too much may not be warranted. 

	Spreadtrum
	Support Option 1c.
Compared with bitmap solution. Option 1c is obviously an overhead saving solution. 

	Xiaomi
	We prefer that there are two subsets. One subset is used for legacy UE. The other one is used for Rel-18 UE. For each subset, there are two options to indicate the subset. The first option is that the subset is configured with one or more than one integer values, i.e., Option 1d. The second option is that the subset is configured with some consecutive values, i.e., Option 1C. Thus, we are OK Option 1d or Option 1C.

	Fujitsu
	Fine with either 1a or 1b.

	New H3C
	We support Option 1c with less overhead

	Nokia, NSB
	Fine with either 1a or 1b. 

	Apple
	Option 1b

	InterDigital
	Given the majority supports Option 1, we are ok to support it. Amongst the alternatives, we are ok with either Option 1b or 1c. 

	China Unicom
	Option 1b and Option 1c are both viable solutions with objective merits. Our preference lies with option 1c.
While there will be some sacrifice in the flexibility of the initial configuration, option 1c is the most effective method to decrease the RRC overhead which addresses its limitation. 

	NEC
	Generally fine in principle, while regarding range of Z (), do we really need the case z=1 (actually no hopping, in this case, just no configuration of CS/comb offset hopping is sufficient) and z=Z (actually no subset hopping, in this case, just no configuration subset hopping is sufficient)? So we propose an update as:
Proposal 2.1: When a subset of comb offsets for comb offset hopping is configured, and when a subset of cyclic shifts for cyclic shift hopping is configured, down select one from the following options for configuring the subset S={S(0), S(1), …, S(z-1)} with , where  for comb offset hopping and  for cyclic shift hopping, and:
Option 1a: S(0), S(1), …, S(z-1) are explicitly included in the RRC configuration.
Option 1b: S(0), S(1), …, S(z-1) are configured via a Z-length bitmap with S(i-1) being the i-th bit set as 1.
Option 1c: S(0), S(1), …, S(z-1) are configured based on group(s) of consecutive or evenly-spaced integer values.
And among the options, we slightly prefer Option 1b, and if all these are regarded as RAN2 signalling design issue, we are also fine to leave it to RAN2.


	FL
	The supporting lists are updated, and we can focus on those with majority supports, i.e., Options 1b and 1c. Option 1b is more flexible than Option 1c, but Option 1c (with only one consecutive segment starting from 0, ending at z-1, with length z) can be much simpler. Since they have almost the same numbers of support, down selection to one may be very challenging. 
To progress, I think we may try to keep both options open and leave it to the UE/gNB, and we can see if such a compromise can make all companies happy. However, if there is significant opposition to such a compromise, we should proceed with a down selection.
Based on the comments and discussions, the following updated proposal is suggested:
Proposal 2.1A: When a subset of comb offsets for comb offset hopping is configured, and when a subset of cyclic shifts for cyclic shift hopping is configured, support the following options for configuring the subset S={S(0), S(1), …, S(z-1)} with , where  for comb offset hopping and  for cyclic shift hopping, and:
Option 1b: S(0), S(1), …, S(z-1) are configured via a Z-length bitmap with S(i-1) being the i-th bit set as 1.
Option 1c’: {S(0), S(1), …, S(z-1)} = {0, 1, …, z-1} are configured via a RRC parameter z defining the subset length.
gNB configures one option for the SRS resource, and UE can indicate whether it supports one or both options.

	CATT
	We prefer option 1b for flexibility of configuration. 
We can simply agree and inform RAN2 the information that needs to be signaled by RRC signaling. The detail signaling design can be left to RAN2.



ROUND 2

We will resume the discussion of the following proposal:
Proposal 2.1A: When a subset of comb offsets for comb offset hopping is configured, and when a subset of cyclic shifts for cyclic shift hopping is configured, support the following options for configuring the subset S={S(0), S(1), …, S(z-1)} with , where  for comb offset hopping and  for cyclic shift hopping, and:
Option 1b: S(0), S(1), …, S(z-1) are configured via a Z-length bitmap with S(i-1) being the i-th bit set as 1.
Option 1c’: {S(0), S(1), …, S(z-1)} = {0, 1, …, z-1} are configured via a RRC parameter z defining the subset length.
gNB configures one option for the SRS resource, and UE can indicate whether it supports one or both options.

1b: Apple, CATT, CMCC, Ericsson, Fijitsu, InterDigital, Lenovo, LGE, NEC, OPPO, Nokia, Nokia Shanghai Bell, Qualcomm, Samsung (length Z-1), ZTE (1415)
1c: China Unicom, CMCC, Futurewei, Google, Huawei, HiSilicon, InterDigital, Lenovo, New H3C, NTT DOCOMO, OPPO, Samsung, Sharp, Spreadtrum, vivo, xiaomiXiaomi, Ruijie Network (1417)

If the above compromise turns out to be not acceptable, we should proceed with a down selection or leave it for RAN2 to do signaling design.

No consensus is achieved during Tuesday offline on supporting both 1b and 1c’, or leaving the decision to RAN2. Further inputs can be provided below, and we will make a decision Thursday online.

	Company
	View

	Nokia, NSB
	In the previous meeting, we have agreed following
Agreement
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.
· The subset configuration applies to all the port(s) in the SRS resource, and all the port(s) in the SRS resource has (have) the same hopping offset value  on an OFDM symbol.
· This is a UE-optional feature.
So, RAN2 can implement the signaling for configuration, either list of CSs and list of comb-offsets (option 1a) or bitmap for CS and comb-offsets (option 1b). RAN1 can recommend one of the options. 

Option 1c is introducing new rule for sub-set selection, and we can discuss separately if needed, and it can be reformulated as  
Proposal 2.1X: When a subset of comb offsets for comb offset hopping is configured, and when a subset of cyclic shifts for cyclic shift hopping is configured, support the configured cyclic shifts for the subset or the configured comb-offsets for the subset are selected only from the consecutive offsets. the following options for configuring the subset S={S(0), S(1), …, S(z-1)} with , where  for comb offset hopping and  for cyclic shift hopping, and:
· Option 1b: S(0), S(1), …, S(z-1) are configured via a Z-length bitmap with S(i-1) being the i-th bit set as 1.
· Option 1c’: {S(0), S(1), …, S(z-1)} = {0, 1, …, z-1} are configured via a RRC parameter z defining the subset length.
Option 1c can be implemented by configuring consecutive CSs or comb-offsets without any specification effort. Such constraints should be added only when there is critical problem happening without the restriction. We don’t see any discussion about the problem. But we have strong concern on this option due to high limitation of gNB scheduling. 
The main motivation of sub-set configuration is providing the option for sharing SRS occasion with legacy and Rel-18 UEs. In order to support the option, gNB should configure adjacent cyclic shifts for legacy UEs regardless of the number of UEs scheduled. And, regardless of existence of UEs supporting Rel-18 scheme, a set of consecutive CSs shall be reserved for potential Rel-18 UE. To minimize the interference, cyclic shift offset is better to be distributed to maintain as large as distance. CS hopping is useful when additional SRS is configured, then hopping randomize the interference without penalty to a certain CS. 
If other company prefer another scheme, we respect their decision, and the flexible option can support both our and your preferred options.  

	Lenovo
	For option 1c’, we want to clarify whether we need restrict the range of subset length (i.e. parameter z) in case of CS hopping. For example, it may be not so meaningful for configuring z with more than 3 in case of CS hopping for 4 port SRS resource since all the CS values are occupied by 4 SRS ports when subset length is configured as 3. Therefore, we think it is better to restrict the subset length no more than the CS spacing between adjacent SRS ports.

	Huawei, HiSilicon
	@Nokia, thanks for your consideration and please see our feedback below.
Regarding your comment ‘Option 1c is introducing new rule for sub-set selection’, to be honest I’m a little bit confused as I explained in offline. As you kindly reminded, the agreement achieved itself only says “configuring a subset”, and we all know “subset” mathematically means all its element belong the universal set, that’s it. In terms of whether configure the subset by length or bitmap, the agreement never touch that. Actually, if you remember, even the original Option1 itself is abstracted from our detailed input in the RAN1#113 FL Summary, which was further split into several candidates (i.e., Option 1x) to be more convergent.
Regarding the problem of Option 1b, I already explained a bit in the first round reply, huge RRC overhead (can be as much as 12bit/resource) of an optional (hopping) - optional (subset) feature will lead to the gNB feeling unworthy of implementing, then the whole subset feature, although proposed and supported by us, finally will become useless for us, which is unacceptable.
Regarding your concern on the flexibility, I really cannot imagine some strong gNB vendors like Nokia may have trouble in just allocating consecutive CSs for Rel.15/18 UEs… If it’s really the fact, I can live with the previous compromised solution suggested by FL, although not our preference.
Thanks again for your kind consideration, but as I said, Option 1b can equivalently realize the allocation effect that Option 1c has, but with much more unacceptable overhead.

	
	




Cyclic shift hopping with finer cyclic shift granularity
We had the following agreement:
Agreement 
For SRS cyclic shift hopping, support finer time-delay-domain granularity, e.g., , where  can be randomly chosen from  at each SRS transmission.
•	Note: The finer granularity above only applies to the cyclic shift offsets when cyclic shift hopping is enabled.
If a subset for cyclic shifts is configured, this feature cannot be configured.
Above is a UE optional feature.

The value(s) of the K has been discussed.
At least K = 2
· Supporting: Ericsson, Futurewei, Huawei, HiSilicon, Qualcomm, Sharp, vivo (7)
At least K = 4
· Supporting: Futurewei, Huawei, HiSilicon, Qualcomm (4)
K is fixed
· Supporting: ETRI
Configuration restriction ( when K = 2 or 4 
· Supporting: Sharp

The issue raised by Sharp can be further discussed, though personally my view is that the finer granularity is not the same as more cyclic shift values and hence the restriction of  is not necessary. For the K value(s), we can see if K being 2 or 4 is acceptable; if not, we will try to make an agreement of fixing K = 2 when finer granularity is configured.

Proposal 2.2: When finer time-delay-domain granularity for SRS cyclic shift hopping is configured, K can be 2 or 4.


	Company
	View

	QC
	Ok with the proposal. We can be also ok with fixing K=2 (then, RRC just enables this feature).

	Samsung
	Don’t support and we support fixed K=2.

	Google
	OK with the proposal

	OPPO
	We also support fixed value of K=2.

	Huawei, HiSilicon
	Support.

	CMCC
	Based on some companies’ simulation results, we think fixed value of K = 2 is enough.

	LGE
	We also fine with the fixed value of K=2.

	ZTE
	OK with the proposal. Prefer fixed K = 2.

	Lenovo
	We are fine with the proposal.

	Sharp
	We are fine with configuring at least K = 2, but configuration restriction is needed.
For example, when the number of PRBs  = 4, and KTC = 8, the SRS sequence length is 6. Furthermore, when K = 2, the number K*nCS,maxSRS of cyclic shift values is 12. However, the SRS sequence length with length 6 cannot express 12 cyclic shift values. Therefore, the configuration restriction of  (e.g.,  when K =2) is needed.

	vivo
	Prefer the fixed value of K=2.

	NTT DOCOMO
	Ok with the proposal. Removing K=4 is also fine. 

	Spreadtrum
	Fine with the proposal.

	Fujitsu
	Similar as other companies, prefer fixed value of K=2.

	New H3C
	OK

	Nokia, NSB
	Support. 

	Apple
	Okay

	InterDigital
	Support FL’s proposal. 

	NEC
	Prefer fixed value of K=2, while also fine with FL’s proposal if majority companies support.

	FL
	A quick summary of the views:
Supporting K = 2 or 4: Apple, Futurewei, Google, Huawei, HiSilicon, InterDigital, NEC (2nd preference), Nokia, Nokia Shanghai Bell, NTT DOCOMO, Qualcomm, ZTE (2nd preference) (12)
Supporting fixed K = 2: CMCC, LGE, OPPO, NTT DOCOMO (2nd preference),  Qualcomm (2nd preference),  Samsung, Sharp, vivo, ZTE (9) 
Based on the positions, I think we can give the proposal a try during the online. Further views can be expressed.
Also proponents (e.g., @Huawei) please reply to Sharp’s comment. We should try to address all outstanding comments (if any) as much as possible before going to the online.

	CATT
	Fine with the proposal.



ROUND 2

We had this agreement:
Agreement
When finer time-delay-domain granularity for SRS cyclic shift hopping is configured, K is 2
· FFS (to be decided this week) Support of K=4

Regarding the FFS:
Supporting K = 2 or 4: Apple, CATT, Futurewei, Google, Huawei, HiSilicon, InterDigital, NEC (2nd preference), Nokia, Nokia Shanghai Bell, NTT DOCOMO, Qualcomm, ZTE (2nd preference) (13)
Supporting fixed K = 2: CMCC, LGE, OPPO, NTT DOCOMO (2nd preference),  Qualcomm (2nd preference),  Samsung, Sharp, vivo, ZTE (9) 

We can continue to discuss the following proposal:
Proposal 2.2A: When finer time-delay-domain granularity for SRS cyclic shift hopping is configured, K can be 4.

Discussion is closed with the following:

Offline Conclusion: When finer time-delay-domain granularity for SRS cyclic shift hopping is configured, K = 4 is not supported.


	Company
	View

	
	

	
	

	
	




Comb offset hopping / cyclic shift hopping equations 
A couple of notes regarding the equation design:
We first focus on the cases without TDM since the TDMed 8-port SRS with hopping is still under discussion.
It is up to the spec editors to decide exactly how the equations will be implemented, as long as the resulting hopping behaviors are the same as those based on the equations agreed in this agenda item.
Many companies provided inputs to comb offset hopping / cyclic shift hopping equations, and most of them are equivalent or very similar. The proposal below is based on one particular variation which is a good starting point, and we may adjust the formulation if needed but I think most formulations are essentially the same. Companies can also further check some different equation designs as listed below.
Huawei, HiSilicon:
Support CS hopping subset consisting of Q length-L non-consecutive CS segment(s), e.g., , where Q and L are configurable.
Support CO hopping subset containing one length-L CO segment, e.g., , where L is configurable.
Xiaomi:
For the hopping equations of comb offset hopping and cyclic shift hopp ing, the following two ways can be considered:
· Option1: , where  or 
· Option2: , where Y=, t and T respectively denote the slot of SRS transmission and the periodicity of SRS.
ZTE:
M is determined by Y according to , Y is the number of hopping offsets in the hopping offset subset.

Proposal 2.3: For the SRS hopping formula in cyclic shift hopping or comb offset hopping except for SRS configured with TDM, let  and :
· For cyclic shift hopping: , where , and
· , 
· If cyclicShiftHoppingSubset’ is not configured, .  
· If cyclicShiftHoppingFinerGranularity is not configured,  and .
· If cyclicShiftHoppingFinerGranularity is configured, , and  is the value configured by cyclicShiftHoppingFinerGranularity
· If cyclicShiftHoppingSubset is configured,  denotes the th element of the configured subset,  is the number of elements in the subset, and .
· For comb offset hopping: , where , and
· , 
· [bookmark: _Hlk143098202] if  or UE is provided with combOffsetHoppingWithRepetition=Per-symbol; otherwise,  is the OFDM symbol index of the first symbol across the R repetitions within the slot.
· If combOffsetHoppingSubset is not configured, , and .
· If combOffsetHoppingSubset is configured,  denotes the th element of the configured subset, and  is the number of elements in the subset.

	Company
	View

	QC
	Support. 
Regarding the value of M based on ZTE’s proposal, while we understand the motivation, we prefer to keep the formula simple and not optimize the value of M based on number of hopping possibilities. The difference seems to be small anyway compared to a fixed M. Also, the legacy group hopping seems to be not following this formula.

	Samsung
	Support in principle.

	Google
	Is it correct understanding that the definition of l0 and l’ are the same as current spec? 
In addition, what is the benefit for  compared to ? The latter seems simpler.
BTW, there is a typo for “cyclicShiftHoppingSubse’”, which should be “cyclicShiftHoppingSubset”.


	Huawei, HiSilicon
	The general form look OK, while we prefer to decide this after the subset design is accomplished, which may make the whole formulation more concise.

	CMCC
	We are supportive in principle. 
But for the formula of Cyclic shift hooping, no matter what the detailed equation is, it should make sure the range of  is [0, ]. If the calculation fomula of   in current proposal is not modified and just following leagcy in 38.211, then the value of  could be large than .

	LGE
	Support in principle.

	ZTE
	Support proposal 2.3 in principle. Regarding the value of M, an adaptive M () can save unnecessary implementation complexity when the number of elements in the CS/CO subset is small. BTW, we note that M is different for legacy sequence and group hopping.

	Lenovo
	Support in principle. 

	Sharp
	We are generally fine.
If cyclicShiftHoppingSubset is configured, the equation is based on Proposal 2.1. The function S(n) is not needed if bitmap of RRC configuration for the subset is not supported.

	vivo
	Support in principle.

	NTT DOCOMO
	Supportive in principle. 

	Xiaomi
	Assume a period SRS resource is transmitted with hopping on 4 slots. The offset is same for the 4 slots in the period according to proposed hopping equation, which may make SRS inference be persistent. In order to avoid the issue, we suggest the comb offset or cyclic shift can be hopped on the 4 slots through introducing  in the proposed hopping equation, where T denotes the SRS period, t is the t-th slot in the period. i.e., , or 

	Fujitsu
	Generally fine.

	New H3C
	Ok in principal

	Nokia, NSB
	OK.

	Apple
	Generally okay

	InterDigital
	Support FL’s proposal.

	NEC
	Fine with the proposal.

	FL
	Most companies support this proposal in principle. Edits are shown in green above.
@Google: Yes, l0 and l’ (as well as other variables if not newly introduced/defined) are the same as current spec. The summation is needed since c(t) returns a binary random variable, whereas here a Y-valued random variable is needed, and summing up M+1 binary variables can achieve this purpose. The type is now corrected.
@Huawei @Sharp: To me this formulation is general enough and can incorporate different possible outcomes from the subset design, even though it may be further (slightly) simplified based on the subset decision. I think it is beneficial to try to make the two decisions decoupled, and the editor can always decide exactly which minor variation to go with.
@CMCC: Great point. I added modulo operation and please check.
@ZTE: Either design works, and we can definitely consider the enhancement on M if there is sufficient support.
@xiaomi: We can definitely consider the enhancement if there is sufficient support.

	CATT
	Support the proposal.




ROUND 2

We had this working assumption:
Working Assumption (to be confirmed this week)
Offline consensus
Proposal 2.3: For the SRS hopping formula in cyclic shift hopping or comb offset hopping except for SRS configured with TDM, let  and :
· For cyclic shift hopping: , where , and
· , 
· If cyclicShiftHoppingSubset is not configured, .  
· If cyclicShiftHoppingFinerGranularity is not configured,  and .
· If cyclicShiftHoppingFinerGranularity is configured, , and  is the value configured by cyclicShiftHoppingFinerGranularity
· If cyclicShiftHoppingSubset is configured, n} denotes the th element of the configured subset,  is the number of elements in the subset, and .
· For comb offset hopping: , where , and
· , 
·  if  or UE is provided with combOffsetHoppingWithRepetition=Per-symbol; otherwise,  is the OFDM symbol index of the first symbol across the R repetitions within the slot.
· If combOffsetHoppingSubset is not configured, , and .
· If combOffsetHoppingSubset is configured,  denotes the th element of the configured subset, and  is the number of elements in the subset.

Comments can be provided below, but it seems there is no issue with the current working assumption. I suggest we quickly confirm the WA.

Proposal 2.3A: Confirm the working assumption on SRS hopping formula design.

Based on offline discussion, we have the following offline consensus and the discussion is closed:

Offline consensus
The following WA is confirmed with indicated changes:
Working Assumption (to be confirmed this week)
Proposal 2.3: For the SRS hopping formula in cyclic shift hopping or comb offset hopping except for SRS configured with TDM, let  and :
· For cyclic shift hopping: , where , and
· , 
· If cyclicShiftHoppingSubset is not configured, .  
· If cyclicShiftHoppingFinerGranularity is not configured,  and .
· If cyclicShiftHoppingFinerGranularity is configured, , and  is the value configured by cyclicShiftHoppingFinerGranularity
· If cyclicShiftHoppingSubset is configured,  denotes the th element of the configured subset,  is the number of elements in the subset, and .
· For comb offset hopping: , where , and
· , 
·  if  or UE is provided with combOffsetHoppingWithRepetition=Per-symbol; otherwise,  is the OFDM symbol index of the first symbol across the R repetitions within the slot.
· If combOffsetHoppingSubset is not configured, , and .
· If combOffsetHoppingSubset is configured,  denotes the th element of the configured subset, and  is the number of elements in the subset.
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	View

	
	

	
	

	
	




Other proposals comb offset hopping / cyclic shift hopping: 
The following proposals are also for comb offset hopping / cyclic shift hopping:
· Enh. 1: Combined with enhanced CS configurations, e.g., non-equidistant CS assignment
· Supported by: Samsung 
· Enh. 2: For comb offset hopping with R>1, the hopping based on the OFDM symbol index l' of each symbol or the first symbol across the R repetitions is determined by wheter K < R.
· Supported by: Xiaomi
· Enh. 3: Support 4 capabilities for comb offset and/or cyclic shift hopping
· Supported by: Lenovo
· Enh. 4: Impact of cyclic shift hopping on determining the number of comb offsets
· Supported by: Lenovo

Views can be provided for the above enhancements. Any other views, issues, and clarifications can also be provided.
	Company
	View

	QC
	Enh. 1: We support, but also understand that it may be late now for such enhancements.
Enh. 2: Do not support. This is determined based on RRC configuration as already agreed.
Enh. 3: This should be discussed in UE feature.
Enh. 4: The issue is valid. We think it should be based on initial cyclic shift configuration (same as legacy). Otherwise, cyclic shift hopping also results in a different way of comb offset hopping (some occasions, 4ports occupy 1 comb offset; other occasions, the same 4 ports occupy 2 comb offsets). Perhaps, we need a conclusion to reuse legacy for this issue.

	Samsung
	Enh. 1: Support. This CS allocation can avoid interference between UE and different TRPs which experience different delay spread.
Enh 2: Not support, this is already agreed in RRC discussion by using a new parameter.
Enh 3: This can be discussed in UE feature session. BTW, in UE feature session, we agreed to have two separate FGs for comb offset hopping and cyclic shift hopping, respectively. Hence we think we already have two capabilities.
Enh 4: We support Alt1 from Lenovo where the comb value for  is determined based on , which is configured by higher-layer parameter transmissionComb. Then, regardless of cyclic shift hopping or not, comb value is fixed by initial configuration.

	Google
	We think all the above are optimizations, which should not be considered at current stage.

	OPPO
	We are fine with Enh. 4。
For other enhancements, we don’t think discussion in this section is needed. 

	Huawei, HiSilicon
	Enh. 1: Support.
Enh. 2: Open to discuss.
Enh. 3: Seems 2 separate capabilities are already agreed.
Enh. 4: Share similar view with QC and Samsung, legacy behaviour should be inherited to the most extent if no specific benefit.

	LGE
	We also think that these are more related with optimization, prefer to firstly resolve essential remaining issues. By the way, Enh 3 is more like UE feature discussion.

	ZTE
	Enh 1: NOT support. This enhancement is NOT technically justified.
Enh 2: NOT support. Which time-domain CO hopping behavior is adopted should depend on gNB’s scheduling scheme. This principle is lack of technical justification and should NOT be introduced.
Enh 3: We share the same views with QC and Samsung. Currently, we already agreed to have two separate FGs for CS hopping and CO hopping, respectively.
Enh 4: The number of comb offsets is determined by , which do NOT change with CS hopping. Hence, CS hopping has no impact on the number of comb offsets. But it is fine to give a conclusion to clarify this point.

	Lenovo
	We support to make further discussion on Enh.4 to clarify this issue. In our view, both options are workable and the discussion can be made for the case CS hopping with subset restriction and the case CS hopping without subset restriction, where the detail on restricted subset is still in discussion. For option 1, we agree it is simple. And, from view of one UE, it exists that 4ports occupy 1 comb offset in some occasions; the same 4 ports occupy 2 comb offsets in other occasions. But from system view (considering other UEs with different ), the situation is the same. For option 2, it may be more suitable for CS hopping with subset restriction since it can simplify the interference management between UEs with CS hopping and UEs without CS hopping on account of not introducing additional SRS pattern. 

	vivo
	Enh. 1: Don’t support, prefer to resolve essential remaining issues.
Enh. 2: Don’t support.
Enh. 3: To be discussed in UE feature session
Enh. 4: Ok to have a conclusion that it depends on , since the comb offset is based on the  as shown in the formula in TS 38.211, instead of the applied CSs. We are ok to have a conclusion that it depends on , but no additional specification is needed.

	Fujitsu
	These are not critical issues.

	New H3C
	Open to discuss about them

	Nokia, NSB
	Fine to discuss, but don’t see critical problem. 

	FL
	It seems that there is no strong momentum to work on Enh. 1~3.
For Enh. 4, we can consider the following conclusion:
Proposed conclusion: SRS cyclic shift hopping does not affect the existing design of determining one or two comb offsets based on  configured for the SRS resource.



ROUND 2

Based on the above inputs, we can discuss the following proposed conclusion:

Proposed conclusion: SRS cyclic shift hopping does not affect the existing design of determining one or two comb offsets based on  configured for the SRS resource.


	Company
	View

	Lenovo
	We can live with the conclusion on account of majority view although we think it may have some impact on subset restriction scheme on account of additional SRS pattern by CS hopping.

	
	

	
	




SRS enhancements targeting 8 Tx operation
It is well known that increasing UE Tx antenna ports can significantly improve various performance metrics for UL/DL transmissions. 8 Tx transmissions can be feasible for at least CPE/FWA/vehicle/industrial devices and hence can be beneficial.
Some remaining issues on the number of SRS resources for 8 Tx SRS and the number of SRS resource sets for 8 Tx SRS will be discussed in agenda item 9.1.4.2 covering “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”.
[bookmark: _Hlk99709641]Port splitting for TDM 
Regarding how the 8 ports are split into s subsets for TDM, there are two agreements relevant to the discussion.
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 codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· For when Ng=2, following convention for assumption of port coherency scheme is used
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7}
· For when Ng=4, following convention for assumption of port coherency scheme is used
· Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7}

Note that the second agreement is relevant / specific to a SRS resource for usage ‘codebook’ and with partial coherency, whereas the first agreement is for the case when all the 8 ports are transmitted at the same time on multiple comb offsets (which is irrespective of port coherency). In any case, companies have different views based on these agreements and preferences for simplicity. This issue may also be related to collision handling/dropping of some of the 8 ports for a SRS resource configured with TDM. 
The options are summarized below:
Option 1: The first subset has {1000, 1001, 1004, 1005}, and the second subset has {1002, 1003, 1006, 1007}.
· This option is (somewhat) aligned with the agreement on coherent port groups. Partially coherent UE will always transmit a coherent port group within the same OFDM symbol. The port index mapping onto each OFDM symbol is a bit more complicated than Option 2, in the sense that a more complicated equation/description to map {1000, 1001, 1004, 1005} (or {1002, 1003, 1006, 1007}) to {1000’, 1001’, 1002’, 1003’} is needed than Option 2. 
· Supporting: Apple, CATT, CMCC, Futurewei, Huawei, HiSilicon, New H3C, Nokia, Nokia Shanghai Bell, KDDI, Lenovo, OPPO, Samsung, Spreadtrum, ZTE (15)
Option 2: The first subset has {1000,1001,1002,1003}, and the second subset has {1004, 1005, 1006, 1007}.
· This option simplifies port index mapping for each OFDM symbol. A coherent port group of a partially coherent UE will be mapped to different OFDM symbols. At least according to proponents of this option, this does not cause any additional issue in collision handling.
· Supporting: Ericsson, Fijitsu, NTT DOCOMO, Qualcomm, Sharp, vivo (6)
Option 3: The first subset has {1000, 1002, 1004, 1006}, and the second subset has {1001, 1003, 1005, 1007}.
· This option is (somewhat) aligned with the agreement on port mapping to different comb offsets.
· Supporting: ZTE (1)

We will need to down select from the options. Companies are encouraged to discuss offline and try to align the technical understanding as much as possible. For here, I suggest we focus on Option 1 and Option 2 and down select one.

Proposal 3.1: 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 = 2, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot the port, down select from the following options:
Option 1: The first subset includes ports {1000, 1001, 1004, 1005}, and the second subset includes {1002, 1003, 1006, 1007}.
Option 2: The first subset includes ports {1000, 1001, 1002, 1003}, and the second subset includes {1004, 1005, 1006, 1007}.

Views can be provided for the above enhancements.
	Company
	View

	Samsung
	Support Option 1 aligned with agreement on coherent port groups.

	Google
	Support proposal 3.1. We prefer option 2. Option 1 looks more complicated from implementation point of view but without clear benefit.

	OPPO
	Support Option 1. Option 1 can avoid latency among coherent antenna ports, which would be selected and transmitted simultaneously. 

	CMCC
	Support Option 1. Transmitting SRS ports with coherent antenna in same symbol will be benefit for SRS dropping rule design to ensure that per-symbol dropping is conducted on the coherent ports.

	ZTE
	OK with option 1. Ports belonging to a same coherent group should be mapped onto a same OFDM symbol.

	Lenovo
	Support Option 1.

	Sharp
	Support Option 2.
If Option 1 is supported, the determination of cyclic shift value is complicated.
For Option 1, to support the following mapping of ports to cyclic shift value in the figure, we think the following equation is needed.

[image: ]

For Option 2, to support the following mapping of ports to cyclic shift value in the figure, we think the following equation is needed. The equation of Option 2 is simpler than Option 1.

[image: ]

	vivo
	Support option 2.
We think the technical motivation of mapping the ports of coherent antenna group on the one symbol is to avoid the effect of phase jump, when PAs per 4 ports are turned on/off per symbol. 
However, turning on/off PAs of 4 ports per symbol is too frequent and increase the UE complexity, especially in the case of SRS repetition. Therefore, we think the PAs of 8 ports can be always turned on when transmitting TDMed SRS. In this case, the phases on multiple symbols would be consecutive.
Besides, for option 1, additional port remapping is needed for CS assignment as FL mentioned, which is too complicated. We don’t prefer to revert the CS assignment for ports {1000,1001,1002,1003}.

	NTT DOCOMO
	Support option 2. Could someone clarify why aligning with coherent port group is so important, please? 
Yes, such an alignment is a potential way to go, but anyway, there will be some cases where a coherent set of ports is divided into TDMed symbols, e.g., FC UE with TDMed port. So the benefit of such an alignment is not very significant, isn’t it? 

	Spreadtrum
	Support option1

	Fujitsu
	Support Option 2. Agree with other companies on the CS assignment issue for Option 1.

	New H3C
	Support Option 1

	Nokia, NSB
	Prefer option 1. 

	Apple
	Prefer option 1

	QC
	Support option 2, which is easier to do port index to CS index mapping for each OFDM symbol. 

	Huawei, HiSilicon
	Support option 1.

	FL
	I updated the supporting lists above. I’d suggest we go with Option 1 which is the majority view, but we can further discuss.
Regarding the complexity of Option 1, I agree that if an equation is to be used, it can look complicated as Sharp shows, but the editor may just adopt a description such as “mapping {1000, 1001, 1004, 1005} (or {1002, 1003, 1006, 1007}) to {1000’, 1001’, 1002’, 1003’}”, which does not seem too complex. Of course it is up to the editor to decide the formulation, but I personally feel complexity may not be significant enough to be the decision factor here. On the other hand, CMCC’s argument can be consider (depending on the outcome of dropping).

	CATT
	Support Option 1 which is consistent with agreement on coherent port groups.



Closed with the following agreement:
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 = 2, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot the port, down select from the following options:
· Option 1: The first subset includes ports {1000, 1001, 1004, 1005}, and the second subset includes {1002, 1003, 1006, 1007}.

TDMed 8-port SRS with hopping 
We had the following agreement:
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.
Regarding the FFS in the agreement, there are different views on how hopping is done for TDMed 8-port resources. For example, 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 RRC configuration (per-symbol or per-R-repetition) for comb offset hopping, but 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. In addition, cyclic shift hopping and also sequence/group hopping are also discussed by some companies. There can be many options, but as companies commented, they all can work with certain pros and cons, and not all the options/combinations need to be considered one by one.
One key discussion point is whether to allow hopping within a group of {1,2,…s}; for convenience, we can call it intra-group hopping. 
From one group to the next group within R repetition of sR OFDM symbols, i.e., inter-group intra-R hopping, generally the existing/agreed mechanisms can be applied, but this can also be further discussed. 
There may also be hopping between R repetitions within the same slot, i.e., inter-R hopping. 
Finally, there may be no intra-slot hopping but only inter-slot hopping. 
Generally if a smaller time-scale hopping is allowed, hopping should also be allowed at a larger time scale. So we can focus on the following options:
If intra-group hopping is allowed, it leads to per-symbol hopping.
If intra-group hopping is NOT allowed but all other hopping is allowed, we may call it first of every s.
If inter-group intra-R hopping is NOT allowed but inter-R hopping is allowed, we may call it first of every sR.
If no intra-slot hopping is allowed, we may call it first of every m, in which case inter-slot hopping is still possible.
Companies have different preferences on the options. The general positions are as follows, which is based on my reading but please correct me if I am mistaken:
· For cyclic shift hopping with m ≥ 2 OFDM symbols in a slot
· Option A1: The time-domain behavior of hopping depends only on the OFDM symbol index l’ of each symbol. (Per-symbol)
· Supporting: CMCC, Ericsson, Huawei, HiSilicon, Lenovo, LGE, NEC, NTT DOCOMO, OPPO, Qualcomm, Sharp, ZTE (12)
· Option A2: The time-domain behavior of hopping depends on the OFDM symbol index l’ of the first of each group of s OFDM symbols. (First of every s)
· Supporting: Futurewei, Google, InterDigital, OPPO (4)
· Option A3: The time-domain behavior of hopping depends on the OFDM symbol index l’ of the first of the m OFDM symbols. (First of every m)
· Supporting: InterDigital (1)
· Option A4: Do not support cyclic shift hopping for 8-port SRS with TDM.
· Supporting: Apple, Fijitsu, LGE, Nokia, Nokia Shanghai Bell, Samsung, vivo, xiaomi (8)
· For comb offset hopping with R ≥ 1 and m ≥ 2 OFDM symbols in a slot
· Option B1: The time-domain behavior of hopping depends only on the OFDM symbol index l’ of each symbol. (Per-symbol)
· Supporting: Lenovo, Huawei, HiSilicon, NEC, NTT DOCOMO (5)
· Option B2: The time-domain behavior of hopping depends on the OFDM symbol index l’ of each OFDM symbol or the first of the sR OFDM symbols per RRC configuration combOffsetHoppingWithRepetition. (Per-symbol, OR first of every sR)
· Supporting: CMCC, Ercisson, Google, Huawei, HiSilicon, InterDigital, Lenovo, LGE, NTT DOCOMO, OPPO, Sharp, Qualcomm, Xiaomi, ZTE (14)
· Option B3: The time-domain behavior of hopping depends on the OFDM symbol index l’ of the first of each group of s OFDM symbols or the first of the sR OFDM symbols per RRC configuration combOffsetHoppingWithRepetition. (First of every s, OR first of every sR)
· Supporting: Futurewei, InterDigital, NTT DOCOMO (3)
· Option B4: The time-domain behavior of hopping depends on the OFDM symbol index l’ of the first of the m OFDM symbols. (First of m)
· Supporting: InterDigital, NTT DOCOMO (2)
· Option B5: Do not support cyclic shift hopping for 8-port SRS with TDM.
· Supporting: Apple, Fijitsu, LGE, Nokia, Nokia Shanghai Bell, Samsung, vivo, xiaomi (8)
· For sequence/group hopping: The time-domain behavior of hopping depends only on the OFDM symbol index l’ of each symbol. (Per-symbol)
· Supporting: Qualcomm, Huawei, HiSilicon, NEC, Fijitsu, vivo, ZTE 
· First of s: Samsung, 
· Same as cyclic shift hopping design: Lenovo, OPPO, 
We can see more companies’ views on this issue. We should aim at being able to formulate a majority view before the first online.

Proposal 3.2.1: 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 and repetition factor R, 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 cyclic shift hopping is configured for the SRS resource, down select one from the following options:
· Option A1: The time-domain behavior of hopping depends only on the OFDM symbol index l’ of each symbol.
· Option A2: The time-domain behavior of hopping depends on the OFDM symbol index l’ of the first of each group of s OFDM symbols.
· Option A3: The time-domain behavior of hopping depends on the OFDM symbol index l’ of the first of the m OFDM symbols.
· Option A4: Do not support cyclic shift hopping for 8-port SRS with TDM.

Proposal 3.2.2: 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 and repetition factor R, 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 comb offset hopping is configured for the SRS resource, down select one from the following options:
· Option B1: The time-domain behavior of hopping depends only on the OFDM symbol index l’ of each symbol.
· Option B2: The time-domain behavior of hopping depends on the OFDM symbol index l’ of each OFDM symbol or the first of the sR OFDM symbols per RRC configuration combOffsetHoppingWithRepetition.
· Option B3: The time-domain behavior of hopping depends on the OFDM symbol index l’ of the first of each group of s OFDM symbols or the first of the sR OFDM symbols per RRC configuration combOffsetHoppingWithRepetition.
· Option B4: The time-domain behavior of hopping depends on the OFDM symbol index l’ of the first of the m OFDM symbols.
· Option B5: Do not support comb offset hopping for 8-port SRS with TDM.

Proposal 3.2.3: 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 sequence/group hopping is configured for the SRS resource, the time-domain behavior of hopping depends only on the OFDM symbol index l’ of each symbol.


Please share your view below.

	Company
	View

	Samsung
	For proposal 3.2.1 and 3.2.2, for hopping schemes defined in Rel-18, it is for interference randomization for TDD CJT, and for 8TX, there is only one case of 8T8R, which is less useful and not needed considering the diverging situation as above. Hence we do not support cyclic shift hopping and comb-offset hopping for 8-port SRS with TDM.
For proposal 3.2.3, more discussion is needed whether it depends only on OFDM symbol index l’ (per-symbol), or the first symbol of every group of (1,2,…,s).

	Google
	Support proposal 3.2.1/2.
For proposal 3.2.1, we support option A2. For proposal 3.2.2, we support option B2. For proposal 3.2.3, we think there can be similar options as proposal 3.2.1/2. One simple way is to determine the sequence/group hopping based on the first symbol.


	OPPO
	Proposal 3.2.1: prefer Option A1 or A2. 
Proposal 3.2.2: prefer Option B2. 
Proposal 3.2.3: We prefer similar solution as proposal 3.2.1. 

	CMCC
	For comb offset hopping and cyclic shift hopping, we prefer to have similar design as <4 port SRS.
Proposal 3.2.1: prefer Option A1. 
Proposal 3.2.2: prefer Option B2. 

	LGE
	Prefer to have similar behavior to non-TDM resource. 
Proposal 3.2.1: prefer Option A1. 
Proposal 3.2.2: prefer Option B2.
We are also OK with Option A4 and Option B5, since WID doesn’t say that support interference randomization for 8 Tx SRS.

	ZTE
	For CS/CO hopping, this issue is similar to the issue of  time-domain CS/CO hopping behavior for SRS configured with R>1. Hence, a similar solution should be adopted here. 
For CS hopping: Support Option A1.
For CO hopping: Support Option B2.
For legacy sequence/group hopping: The time-domain hopping behavior should depend on the symbol index l’ of each OFDM symbol to guarantee the orthogonality among SRS ports.

	Lenovo
	Proposal 3.2.1: prefer Option A1. 
Proposal 3.2.2: prefer Option B1 and can live with B2. 
Proposal 3.2.3: We prefer simple solution as proposal 3.2.1.

	Sharp
	Proposal 3.2.1: Support Option A1.
Proposal 3.2.2: Support Option B2.

	vivo
	For 8-port SRS, SRS capacity of uplink transmission has been already enhanced based on doubling the number of SRS ports. There is no need to further support randomization with doubled capacity. 
Besides, to reduce the cross-SRS interference when 8-port SRS and 2/4-port SRS co-exist, as long as 2/4-port SRS is applied with cyclic shift hopping or comb offset hopping, the cross-SRS interference would still be randomized, even though 8-port SRS doesn’t hop.
Even, we don’t have the agreement that 8-port SRS resource on one symbol can be configured with CS/CO hopping.

Proposal 3.2.1: prefer Option A4, i.e., don’t support cyclic shift hopping for 8-port SRS with TDM. 
Proposal 3.2.2: prefer Option B5, i.e., don’t support comb offset hopping for 8-port SRS with TDM. 
Proposal 3.2.3: Support. Prefer following the legacy principle for sequence/group hopping, i.e., hopping per symbol.

	NTT DOCOMO
	Proposal 3.2.1: Option 1, which should be very straightforward, and seems convince many companies. 
Proposal 3.2.2: Other than option B5, we are open to support. 
Proposal 3.2.3: Open to discuss. A bit more discussions may be needed given that this tries to touch upon the legacy hopping behaviour. 

	Xiaomi
	Proposal 3.2.1&3.2.2: not support cyclic shift hopping and comb-offset hopping for 8-port SRS.

	Fujitsu
	Proposal 3.2.1: support Option A4.
Proposal 3.2.2: support Option B5.
Proposal 3.2.3: Generally fine.

	Nokia, NSB
	We don’t see the use case when 8TX and CS/CO hopping are supported. 
Proposal 3.2.1: support Option A4.
Proposal 3.2.2: support Option B5.

	Apple 
	Proposal 3.2.1: prefer A4
Proposal 3.2.2: prefer B5
Proposal 3.2.3: We are open to discuss. 

	InterDigital
	Proposal 3.2.1.: prefer A2
Proposal 3.2.2: prefer B3, but also ok with B2

	QC
	The formulation seems unnecessarily complicated. 
To us, the baseline is per OFDM symbol hopping, which can be applied to CS, sequence, and comb_offset hopping. One more additional hopping is needed for comb_offset hopping because it was already agreed RRC can configure per-symbol or per-R-repetition for comb offset hopping. So, per R OFDM symbol hopping should be supported for comb offset hopping as well. 

Proposal 3.2.1: we support option A1. 
Proposal 3.2.2: we support a new Option B2’: The time-domain behavior of hopping depends on the OFDM symbol index l’ of each OFDM symbol or the first of the sR OFDM symbols per RRC configuration combOffsetHoppingWithRepetition.

Proposal 3.2.3: we support the proposal. 

	Huawei, HiSilicon
	Proposal 3.2.1: Support Option A1. 
Proposal 3.2.2: Prefer Option B1 and can live with Option B2. 
Proposal 3.2.3: Fine.

	NEC
	Proposal 3.2.1: Prefer Option A1. 
Proposal 3.2.2: Prefer Option B1. 
Proposal 3.2.3: OK.

	FL
	The supporting lists are updated. To further progress, since there is no critical issue with any option and there are pros and cons for each option, I suggest we focus on those with the most support, i.e., A1/A4 (esp. A1) for cyclic shift hopping, B2/B5 (esp. B2) for comb offset hopping, and per-symbol for sequence/group hopping.
@Qualcomm: I think per-R-repetition becomes sR symbols when TDM is configured.

	CATT
	Proposal 3.2.1: support Option A1.
Proposal 3.2.2: support Option B2.




Closed with the following conclusions / agreement.
Conclusion
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 and repetition factor R, 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 cyclic shift hopping is configured for the SRS resource, 
· Option A4: Do not support cyclic shift hopping for 8-port SRS with TDM.

Conclusion
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 and repetition factor R, 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 comb offset hopping is configured for the SRS resource, 
· Option B5: Do not support comb offset hopping for 8-port SRS with TDM.


Proposal 3.2.3: 
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 sequence/group hopping is configured for the SRS resource, the time-domain behavior of hopping depends only on the OFDM symbol index l’ of each symbol.

Collision handling for TDMed ports 
We had 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 general positions are:
Option 1: When the SRS transmission on a subset of the s OFDM symbols within a group of {1, 2, …, s} is dropped, UE drops the SRS transmission on some or all of the rest of OFDM symbols within the group of {1, 2, …, s}, based on, for example, the usage, coherency, and/or repetition factor. 
· Supporting: Huawei, HiSilicon, KDDI, LG, NEC, New H3C, Nokia, Nokia Shanghai Bell, NTT DOCOMO, OPPO, Qualcomm, Samsung, Sharp, Spreadtrum (14 proponents)
Option 2: Legacy per-OFDM symbol based dropping rules are kept for TDMed 8-port SRS. 
· Supporting: Apple, CATT, CMCC, Ericsson, Fijitsu, Lenovo, Qualcomm, vivo, xiaomi, ZTE (10 proponents)
Option 3: UE changes the transmission order of the subsets of ports for periodical collisions. 
· Supporting: Samsung
The opinions are quite split. Based on the views, we can try the following proposal to support Option 1. It should be understood that if no consensus is achieved for supporting Option 1, the legacy rules of per-symbol dropping will be applied.
Proposal 3.4: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully/partially coherent and a coherent port group spanning s OFDM symbols, 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, the UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}.


	Company
	View

	Samsung
	In order to enhance overlapping rule which is a main drawback of TDMed SRS, we can live with this.

	Google
	Why do we need to mention “the 8 ports being fully coherent” ?
There is a similar issue for SRS power scaling when the total Tx power exceeds the Pcmax. For TDMed SRS, we should perform the power scaling for the whole SRS resource instead of per SRS symbol. Different Tx power for different SRS symbol could be meaningless for the SRS.

	OPPO
	Fine with the proposal. 

	CMCC
	Not support. For Option 1, whether a UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2} is based on the usage, coherency, and repetition configuration. However, from network’s perspective, gNB may configure the same SRS resources for SRS for codebook and SRS for antenna switching to reduce the SRS overhead, so it is beneficial to have a unified design for all usage, coherency, and repetition configuration, that legacy per-OFDM symbol-based dropping rules are kept for TDMed 8-port SRS.

	LGE
	Support the proposal. 
In case of repetition factor R=1, there should be a problem of determining TPMI from gNB side only with channel information regarding the partial ports(i.e., 4 ports). By dropping all of the rest of OFDM symbols within the group of {1, 2, …, s}, UE does not need to waste its Tx power by dropping unnecessary SRS transmission.

	ZTE
	Support option 2. Legacy per-symbol dropping is simpler and more straightforward. When part of  a group of {1, 2, ..., s} TDMed symbols are dropped, gNB can decide whether to combine the rest TDMed symbols with other groups of {1, 2, ..., s} TDMed symbols to derive a complete 8-port channel estimate. As illustrated in the following example, gNB can combine the NOT dropped symbols in the two groups of {1, 2, ..., s} TDMed symbols to derive a complete 8-port channel estimate.
[image: ]

	Lenovo
	We prefer Option 2.

	Sharp
	Support

	vivo
	Don’t support. Prefer to follow the legacy dropping rule, i.e., per symbol.
gNB can perform channel estimation based on the transmitted partial ports, then combine the current channel estimation results with the results in history SRS transmission occasions to improve the channel estimation results for these partial SRS ports, even if the phase is not continuous, e.g., based on the time-domain filter to improve the path identification performance. 
From this perspective, only dropping the collision symbols of the SRS resource can achieve better performance gain than dropping the whole SRS resource, and no additional spec effort is needed.

	Spreadtrum
	Support the proposal

	Xiaomi
	We prefer option 2.

	Fujitsu
	Support Option 2.
We think the legacy scheme can work and there is no need for additional rules.

	New H3C
	OK

	Nokia, NSB
	Support. At least for codebook, all coherent ports should be sent.    

	Apple
	We prefer option 2. No need to have enhancement. 

	QC
	We are fine with the direction of the Proposal 3.4. We have two comments to the proposal. 
1) There is a causality issue for this dropping. The proposal forces UE to drop “the UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}”. However, if a previous SRS OFDM symbol is already transmitted before UE sees the later SRS OFDM symbol overlap with an urgent higher priority UL transmission, UE cannot revert previous transmission. We need discuss the timeline of dropping for this proposal. 
2) The proposal should also cover partial coherent 8-ports PUSCH codebook.

We can also accept per symbol dropping. However, we need agree that there is no coherence between partially dropped SRS to the next PUSCH transmission. For example, in the following figure, SRS in slot n-5 and n-2 are partially dropped, which is fine. But gNB should NOT combine the two partial SRS sounding in these two slots and still assume coherence can be maintained from the two partial SRS sounding to the next PUSCH transmission in slot n+1. Of course, in the UE is a coherent UE, for future SRS and PUSCH, if there is no partial dropping, coherence can be resumed.  
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Therefore, we think the following can be a WF for FL and the group to consider. 

Proposal: For 8-ports SRS with TDM factor s=2, in case an SRS OFDM symbol overlaps with high priority UL transmission(s), the SRS OFDM symbol is dropped. While the other SRS OFDM symbol is transmitted without coherence between the SRS transmission and subsequent PUSCH transmissions, regardless full/partial/non-coherent codebook is used for PUSCH. For full coherent or partial coherent PUSCH, the coherence between SRS and PUSCH is not resumed until the next SRS transmission without SRS dropping.  

	Huawei, HiSilicon
	Given that the SRS transmission on non-overlapped SRS symbols has the potential to be combined with SRS transmission in other repetitions to obtain the channel information with guaranteed phase continuity when repetition factor is configured as R>1, we prefer to modify the proposal as below:
Proposal 3.4: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully coherent, 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 all the SRS transmissions on a certain subset of ports among m OFDM symbols are dropped, the UE drops the SRS transmission on the rest of m OFDM symbols.

	NEC
	Fine with the proposal.

	FL
	The proposal is updated above (in red) based on Google’s comment.
However, the views are split and there are some technical concerns to be further discussed, especially the causality issue, linking-to-SRI issue, and SRS resource that may be shared by CB/AS.
@Option 1 proponents: Please address Qualcomm’s comment on the causality issue (e.g., will it really occur?). If this issue is not addressed, it seems to me that Option 1 / the proposal need further discussion. Note that considering repetition to decide the dropping or not can further complicate the timeline issue. Please also address CMCC’s comment that sometimes the same SRS resource is used for both CB/AS.
@Option 2 proponents: Please address comments related to if any change to SRI/coherency assumption is needed when only some ports in a coherent group is sounded.
@Google: I updated the proposal to include partially coherent.
@Qualcomm: Is the coherence assumption needed by UE and gNB, or only gNB? In other words, does the standard have to specify the assumption in this case?

	CATT
	Prefer Option2.




ROUND 2

Based on the above inputs and online/offline discussions, we can further discuss the following potential proposals.
The proposal discussed online is as follows, which should only be concerned with fully-coherent UE due to the new agreement on TDMed port index mapping. Edits are shown below in red.
Proposal 3.3A: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully[/partially] coherent and a coherent port group spanning s OFDM symbols, 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, the UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}.
Option 1 (this proposal): Huawei, HiSilicon, KDDI, LG, NEC, New H3C, Nokia, Nokia Shanghai Bell, NTT DOCOMO, OPPO, Qualcomm, Samsung, Sharp, Spreadtrum (14 proponents)
Option 2 (legacy per-symbol drop): Apple, CATT, CMCC, Ericsson, Fijitsu, Lenovo, Qualcomm, vivo, xiaomi, ZTE (10 proponents)

As Qualcomm pointed out, there could be timeline / causality issue. One way to fix this issue is to prevent gNB from scheduling a higher-priority transmission colliding with a 2nd symbol via a UE assumption. Below initial proposal is probably an overkill but it avoids discussing the SRS timeline, which could be complicated.
Proposal 3.3B: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully[/partially] coherent, 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 the first of the s OFDM symbols within a group of {1, 2, …, s} is dropped, the UE drops the SRS transmission on the second OFDM symbols within the group of {1, 2, …, s}.
FFS: UE is not expected to be scheduled with a transmission that will cause only the second OFDM symbol within a group of {1,2,…,s} to be dropped.

However, no suggestion on how to handle the cases where a same SRS resource is used for both CB and AS; maybe it is not a big issue since the gNB can always configure such SRS as CB. Other proposals can be considered.

Alternatively, we can consider Option 2 of legacy per-symbol based dropping, which does not require an agreement per se but how to handle the case where a fully-coherent UE sounds on only 4 ports can be further considered. Some companies suggested there is no spec impact and this can be left for implementation. A couple of companies suggested to switch to non-coherent PUSCH temporarily in this case. The following proposal is then suggested. Though some companies proposed that “codebookSubset = nonCoherent” is to be assumed, this discussion may belong to AI 9.1.4.2 for SRI/TPMI.
Proposal 3.3C: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully[/partially] coherent, 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 one of the s OFDM symbols within a group of {1, 2, …, s} is dropped[, the associated PUSCH transmission (i.e., the SRS resource is identified by the SRI of the PUSCH), if any, does not assume “codebookSubset =
fullyAndPartialAndNonCoherent”].

During the offline discussion, companies had different views on whether to introduce new dropping rules for TDMed SRS or reuse legacy per-symbol dropping rules. In addition, for Proposal 3.3B, different views exist regarding the FFS, and for Proposal 3.3C, different views exist regarding the coherence assumption. More discussions are needed and views can be provided below. 

	Company
	View

	Nokia, NSB
	We support 3.3A, it is useful to skip the incomplete SRS transmission and save UE power and reduce SRS interference.   
The proposal 3.3B has critical issue that gNB cannot ensure the operation. In general, UL dropping is happening between channels in different carriers. gNBs can be co-site or non-co-site for the case. So, the collision is usually related to the case where gNB may not fully coordinate the scheduling in different carriers.  
What is the meaning of proposal 3.3C? Only conditions are listed without UE operation. 

	Qualcomm
	Just to follow up the comment I made today online about defining a timeline for SRS full dropping. I checked spec. In 38.213 section 11.1, for dynamic PDSCH cancel CG PUSCH, SPS A/N, and P-SRS. We have the following timeline defined already. We can leverage the timeline defined here for the SRS full dropping. 

A little more background on the following spec. This is for full cancellation (i.e., without capability of partial cancellation). This is for partial cancellation (i.e., per symbol cancellation). For P-SRS case, as legacy spec only supports partial SRS cancellation, this is the timeline defined for SRS partial cancellation. 

However, what we need is define a timeline for SRS full cancellation. So, we should borrow the text from this. By the way, the major difference between full cancellation timeline and partial cancellation timeline is “first symbol in the set” vs “the set of symbols”  in these two different paragraphs. 

Therefore, we can add the following proposal as sub-bullet to the full dropping option that Jialing had today. By the way, if we need more time to check the TP. We can try to at least agree the first sentence below as a high-level principle.  
The SRS cancellation timeline reuses the timeline defined for dynamic PDSCH canceling CG-PUSCH for a UE does not indicate the capability of partialCancellation, as in TS38.213 section 11.1. 
Adopt the following TP: For a SRS transmission with TDM factor t, The UE does not expect to cancel the transmission of any SRS symbol if the first SRS symbol occurs within  relative to a last symbol of a CORESET where the UE detects a DCI format scheduling a higher priority PUCCH or PUSCH overlaps with the set of t SRS symbols.  is the PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS.


------------------------------------TS 38.213 Section 11.1----------------------------------
For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-    If the UE does not indicate the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a CORESET where the UE detects the DCI format; otherwise, the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from clauses 9, 9.2.5 and 9.2.6 or clause 6.1 of [6, TS 38.214], or the PRACH transmission in the set of symbols.
-    If the UE indicates the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from clauses 9, 9.2.5 and 9.2.6 or clause 6.1 of [6, TS 38.214], or the PRACH transmission in remaining symbols from the set of symbols.  
-    The UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the subset of symbols. 
       is the PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise .


	
	




 Other proposals for 8Tx SRS 
Several companies further detailed enhancements for the 8Tx SRS, and some of the enhancements may be related to the outcomes of above discussions.
Enh. 1: Power scaling for TDMed 8-port SRS when the UE is not capable of transmitting at  per OFDM symbol with 8/s ports
· Supported by: CATT, CMCC, OPPO
Enh. 2: 2 or more SRS resource sets for NCB and SRI enhancements for SRI
· Supported by: Qualcomm, Samsung
Enh. 3: Maintain phase/beam consistency over multiple OFDM symbols for TDM (including when one of OFDM symbols need to perform power scaling)
· Supported by: Sharp, Qualcomm, Google
Enh. 4: Whether to downgrade configuration of SRS for antenna switching
· Supported by: CMCC
Enh. 5: Same number of symbols and TDM pattern for SRS resources for a SRS resource set
· Supported by: Apple
Enh. 6: UE report full-power capability
· Supported by: Google
Enh. 7: New  for TDMed 8-port SRS when the UE is not capable of transmitting at  per OFDM symbol with 8/s ports
· Supported by: Sharp Qualcomm

Views can be provided for the above enhancements, and new details / proposals can also be included.
	Company
	View

	Samsung
	As we mentioned in our tdoc, we would like to preclude s=8 and conclude supporting s=2 only for TDM factor.

	Google
	Since UE is able to support UL FP for TDMed SRS. We should allow the 8Tx UE to support UL FP when the NW configures a 2 or 4 ports SRS.

In addition, we think it is necessary to define the power scaling for SRS in a per resource level instead of per symbol level when the total Tx power exceeds the Pcmax. We have the following proposal.
Support to perform the transmission power scaling for the TDM based SRS per resource when it overlaps with another uplink signal and the total Tx power exceeds Pcmax.

	OPPO
	We think Enh.1/7 should be discussed with higher priority. 

	ZTE
	Enh 1: TDM scheme should NOT be configured for UEs who are NOT capable of transmitting at  per OFDM symbol.
Enh 2: NOT support. It is lack of technical justification.
Enh 3: Support.
Enh 4: Support.
Enh 5: We didn’t see the necessity.
Enh 6: This should be discussed in the UE feature session.
Enh 7: TDM scheme should NOT be configured for UEs who are NOT capable of transmitting at  per OFDM symbol.


	Sharp
	We didn’t propose Enh7. In our view, if the UE is not capable of transmitting at PCMAX per OFDM symbol with 8/s, TDM-based 8Tx SRS should not be supported.

	vivo
	Prefer to resolve essential remaining issues, and Enh.1/7 can be discussed.
Enh.1/7: If UE is not capable of transmitting at  per OFDM symbol with 4 SRS ports, TDMed 8-port SRS resource is not supported for such UE.

	Fujitsu
	Support Enh. 1. This issue should be discussed with higher priority.

	Huawei, HiSilicon
	Enh. 1: Open to discuss.
Enh. 2: Seems should be discussed in 9.1.4.2.
Enh. 3: Open to discuss.
Enh. 4: Open to discuss.
Enh. 5: Not support.
Enh. 6: Seems should be discussed in UE capability.
Enh. 7: Not support.

	FL
	Regarding the case that a UE is not capable of transmitting at PCMAX per OFDM symbol with 8/s ports, during the last meeting, the chairman dropped the proposal and later suggested dropping the discussion, which I noted in last meeting’s FL summary as “Based on the discussions so far and chairman’s guidance, no further discussion is needed. This discussion is closed.” However, if interested companies can bring technical justifications, we can still discuss, but so far it seems there is no strong justification.
Google’s proposal (which I view as belonging to Enh. 3) can be further discussed:
Proposal: Support to perform the transmission power scaling for the TDM based SRS per resource when it overlaps with another uplink signal and the total Tx power exceeds Pcmax.

	CATT
	Support Enh.1.



ROUND 2

Based on the above inputs, we can discuss the following proposal which is to maintain the same transmission power on the 2 OFDM symbols for the TDMed 8 ports (otherwise, the rank/precoding decision by the gNB may be problematic). However, this may also have the causality issue similar to the dropping discussion. How to resolve this issue may need to further discussion, such as restricting when this is applicable.
Proposal 3.4: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, when the SRS transmission on one of the s OFDM symbols within a group of {1, 2, …, s} overlaps with another uplink signal and the total transmission power exceeds Pcmax, the UE performs the same transmission power scaling on the s OFDM symbols within the group of {1, 2, …, s}.
FFS: timeline issue, additional restrictions on when this is applicable.


	Company
	View
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Proposal 2.2: When finer time-delay-domain granularity for SRS cyclic shift hopping is configured, K can be 2 or 4.

Supporting K = 2 or 4: Apple, Futurewei, Google, Huawei, HiSilicon, InterDigital, NEC (2nd preference), Nokia, Nokia Shanghai Bell, NTT DOCOMO, Qualcomm, ZTE (2nd preference) (12)
Supporting fixed K = 2: CMCC, LGE, OPPO, NTT DOCOMO (2nd preference),  Qualcomm (2nd preference),  Samsung, Sharp, vivo, ZTE (9) 


Proposal 2.1A: When a subset of comb offsets for comb offset hopping is configured, and when a subset of cyclic shifts for cyclic shift hopping is configured, support the following options for configuring the subset S={S(0), S(1), …, S(z-1)} with , where  for comb offset hopping and  for cyclic shift hopping, and:
Option 1b: S(0), S(1), …, S(z-1) are configured via a Z-length bitmap with S(i-1) being the i-th bit set as 1.
Option 1c’: {S(0), S(1), …, S(z-1)} = {0, 1, …, z-1} are configured via a RRC parameter z defining the subset length.
gNB configures one option for the SRS resource, and UE can indicate whether it supports one or both options.

1b: Apple, CMCC, Fijitsu, InterDigital, Lenovo, LGE, NEC, OPPO, Nokia, Nokia Shanghai Bell, Qualcomm, Samsung (length Z-1), ZTE (13)
1c: China Unicom, CMCC, Futurewei, Huawei, HiSilicon, InterDigital, Lenovo, New H3C, NTT DOCOMO, OPPO, Sharp, Spreadtrum, vivo, xiaomi (14)


Proposal 3.1: 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 = 2, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot the port, down select from the following options:
Option 1: The first subset includes ports {1000, 1001, 1004, 1005}, and the second subset includes {1002, 1003, 1006, 1007}.
Option 2: The first subset includes ports {1000, 1001, 1002, 1003}, and the second subset includes {1004, 1005, 1006, 1007}.

Option 1: Apple, CATT, CMCC, Futurewei, Huawei, HiSilicon, New H3C, Nokia, Nokia Shanghai Bell, KDDI, Lenovo, OPPO, Samsung, Spreadtrum, ZTE (15)
Option 2: Ericsson, Fijitsu, NTT DOCOMO, Qualcomm, Sharp, vivo (6)


Proposal 2.3: For the SRS hopping formula in cyclic shift hopping or comb offset hopping except for SRS configured with TDM, let  and :
· For cyclic shift hopping: , where , and
· , 
· If cyclicShiftHoppingSubset’ is not configured, .  
· If cyclicShiftHoppingFinerGranularity is not configured,  and .
· If cyclicShiftHoppingFinerGranularity is configured, , and  is the value configured by cyclicShiftHoppingFinerGranularity
· If cyclicShiftHoppingSubset is configured,  denotes the th element of the configured subset,  is the number of elements in the subset, and .
· For comb offset hopping: , where , and
· , 
·  if  or UE is provided with combOffsetHoppingWithRepetition=Per-symbol; otherwise,  is the OFDM symbol index of the first symbol across the R repetitions within the slot.
· If combOffsetHoppingSubset is not configured, , and .
· If combOffsetHoppingSubset is configured,  denotes the th element of the configured subset, and  is the number of elements in the subset.


Proposal 3.2.1: 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 and repetition factor R, 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 cyclic shift hopping is configured for the SRS resource, down select one from the following options:
· Option A1: The time-domain behavior of hopping depends only on the OFDM symbol index l’ of each symbol.
· Option A4: Do not support cyclic shift hopping for 8-port SRS with TDM.

A1: CMCC, Ericsson, Huawei, HiSilicon, Lenovo, LGE, NEC, NTT DOCOMO, OPPO, Qualcomm, Sharp, ZTE (12)
A4: Apple, Fijitsu, LGE, Nokia, Nokia Shanghai Bell, Samsung, vivo, xiaomi (8)


Proposal 3.2.2: 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 and repetition factor R, 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 comb offset hopping is configured for the SRS resource, down select one from the following options:
· Option B2: The time-domain behavior of hopping depends on the OFDM symbol index l’ of each OFDM symbol or the first of the sR OFDM symbols per RRC configuration combOffsetHoppingWithRepetition.
· Option B5: Do not support comb offset hopping for 8-port SRS with TDM.

B2: CMCC, Ercisson, Google, Huawei, HiSilicon, InterDigital, Lenovo, LGE, NTT DOCOMO, OPPO, Sharp, Qualcomm, Xiaomi, ZTE (14)
B5: Apple, Fijitsu, LGE, Nokia, Nokia Shanghai Bell, Samsung, vivo, xiaomi (8)


Proposal 3.2.3: 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 sequence/group hopping is configured for the SRS resource, the time-domain behavior of hopping depends only on the OFDM symbol index l’ of each symbol.

Per-symbol: Qualcomm, Huawei, HiSilicon, NEC, Fijitsu, vivo, ZTE 
First of s: Samsung, 
Same as cyclic shift hopping design: Lenovo, OPPO

Proposal 3.4: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully/partially coherent and a coherent port group spanning s OFDM symbols, 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, the UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}.

Option 1 (this proposal): Huawei, HiSilicon, KDDI, LG, NEC, New H3C, Nokia, Nokia Shanghai Bell, NTT DOCOMO, OPPO, Qualcomm, Samsung, Sharp, Spreadtrum (14 proponents)
Option 2 (legacy per-symbol drop): Apple, CATT, CMCC, Ericsson, Fijitsu, Lenovo, Qualcomm, vivo, xiaomi, ZTE (10 proponents)

Monday Agreements

Agreement
When finer time-delay-domain granularity for SRS cyclic shift hopping is configured, K is 2
· FFS (to be decided this week) Support of K=4

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 = 2, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot the port, down select from the following options:
· Option 1: The first subset includes ports {1000, 1001, 1004, 1005}, and the second subset includes {1002, 1003, 1006, 1007}.


Working Assumption (to be confirmed this week)
Proposal 2.3: For the SRS hopping formula in cyclic shift hopping or comb offset hopping except for SRS configured with TDM, let  and :
· For cyclic shift hopping: , where , and
· , 
· If cyclicShiftHoppingSubset is not configured, .  
· If cyclicShiftHoppingFinerGranularity is not configured,  and .
· If cyclicShiftHoppingFinerGranularity is configured, , and  is the value configured by cyclicShiftHoppingFinerGranularity
· If cyclicShiftHoppingSubset is configured,  denotes the th element of the configured subset,  is the number of elements in the subset, and .
· For comb offset hopping: , where , and
· , 
·  if  or UE is provided with combOffsetHoppingWithRepetition=Per-symbol; otherwise,  is the OFDM symbol index of the first symbol across the R repetitions within the slot.
· If combOffsetHoppingSubset is not configured, , and .
· If combOffsetHoppingSubset is configured,  denotes the th element of the configured subset, and  is the number of elements in the subset.



Conclusion
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 and repetition factor R, 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 cyclic shift hopping is configured for the SRS resource, 
· Option A4: Do not support cyclic shift hopping for 8-port SRS with TDM.

Conclusion
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 and repetition factor R, 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 comb offset hopping is configured for the SRS resource, 
· Option B5: Do not support comb offset hopping for 8-port SRS with TDM.


Proposal 3.2.3: 
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 sequence/group hopping is configured for the SRS resource, the time-domain behavior of hopping depends only on the OFDM symbol index l’ of each symbol.

For Tuesday Offline

Proposal 2.2A: When finer time-delay-domain granularity for SRS cyclic shift hopping is configured, K can be 4.

Proposal 2.1A: When a subset of comb offsets for comb offset hopping is configured, and when a subset of cyclic shifts for cyclic shift hopping is configured, support the following options for configuring the subset S={S(0), S(1), …, S(z-1)} with , where  for comb offset hopping and  for cyclic shift hopping, and:
Option 1b: S(0), S(1), …, S(z-1) are configured via a Z-length bitmap with S(i-1) being the i-th bit set as 1.
Option 1c’: {S(0), S(1), …, S(z-1)} = {0, 1, …, z-1} are configured via a RRC parameter z defining the subset length.
gNB configures one option for the SRS resource, and UE can indicate whether it supports one or both options.

Proposal 2.3A: Confirm the working assumption on SRS hopping formula design.

Proposal 3.3B: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully coherent, 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 the first of the s OFDM symbols within a group of {1, 2, …, s} is dropped, the UE drops the SRS transmission on the second OFDM symbols within the group of {1, 2, …, s}.
UE is not expected to be scheduled with a transmission that will cause only the second OFDM symbol within a group of {1,2,…,s} to be dropped.
Proposal 3.3C: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully coherent, 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 one of the s OFDM symbols within a group of {1, 2, …, s} is dropped, the associated PUSCH transmission (i.e., the SRS resource is identified by the SRI of the PUSCH), if any, does not assume “codebookSubset =
fullyAndPartialAndNonCoherent”.

Proposal 3.4: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, when the SRS transmission on one of the s OFDM symbols within a group of {1, 2, …, s} overlaps with another uplink signal and the total transmission power exceeds Pcmax, the UE performs the same transmission power scaling on the s OFDM symbols within the group of {1, 2, …, s}.
FFS: timeline issue, additional restrictions on when this is applicable.

Proposed conclusion: SRS cyclic shift hopping does not affect the existing design of determining one or two comb offsets based on  configured for the SRS resource.

Tuesday Offline Consensus

Offline Conclusion: When finer time-delay-domain granularity for SRS cyclic shift hopping is configured, K = 4 is not supported.

Offline consensus
The following WA is confirmed with indicated changes:
Working Assumption (to be confirmed this week)
Proposal 2.3: For the SRS hopping formula in cyclic shift hopping or comb offset hopping except for SRS configured with TDM, let  and :
· For cyclic shift hopping: , where , and
· , 
· If cyclicShiftHoppingSubset is not configured, .  
· If cyclicShiftHoppingFinerGranularity is not configured,  and .
· If cyclicShiftHoppingFinerGranularity is configured, , and  is the value configured by cyclicShiftHoppingFinerGranularity
· If cyclicShiftHoppingSubset is configured,  denotes the th element of the configured subset,  is the number of elements in the subset, and .
· For comb offset hopping: , where , and
· , 
·  if  or UE is provided with combOffsetHoppingWithRepetition=Per-symbol; otherwise,  is the OFDM symbol index of the first symbol across the R repetitions within the slot.
· If combOffsetHoppingSubset is not configured, , and .
· If combOffsetHoppingSubset is configured,  denotes the th element of the configured subset, and  is the number of elements in the subset.

For Wednesday Online

First to confirm the above two offline consensus from Tuesday offline

Proposal 2.1A: When a subset of comb offsets for comb offset hopping is configured, and when a subset of cyclic shifts for cyclic shift hopping is configured, support the following options for configuring the subset S={S(0), S(1), …, S(z-1)} with , where  for comb offset hopping and  for cyclic shift hopping, and:
Option 1b: S(0), S(1), …, S(z-1) are configured via a Z-length bitmap with S(i-1) being the i-th bit set as 1.
Option 1c’: {S(0), S(1), …, S(z-1)} = {0, 1, …, z-1} are configured via a RRC parameter z defining the subset length.
gNB configures one option for the SRS resource, and UE can indicate whether it supports one or both options.

1b: Apple, CATT, CMCC, Ericsson, Fijitsu, InterDigital, Lenovo, LGE, NEC, OPPO, Nokia, Nokia Shanghai Bell, Qualcomm, Samsung (length Z-1), ZTE (15)
1c: China Unicom, CMCC, Futurewei, Google, Huawei, HiSilicon, InterDigital, Lenovo, New H3C, NTT DOCOMO, OPPO, Samsung, Sharp, Spreadtrum, vivo, Xiaomi, Ruijie Network (17)


Proposal 3.3A: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully[/partially] coherent and a coherent port group spanning s OFDM symbols, 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, the UE drops the SRS transmission on the rest of OFDM symbols within the group of {1, 2, …, s}.

Proposal 3.3B: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully[/partially] coherent, 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 the first of the s OFDM symbols within a group of {1, 2, …, s} is dropped, the UE drops the SRS transmission on the second OFDM symbols within the group of {1, 2, …, s}.
FFS: UE is not expected to be scheduled with a transmission that will cause only the second OFDM symbol within a group of {1,2,…,s} to be dropped.
Proposal 3.3C: For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ and with TDM factor s = 2, the 8 ports being fully[/partially] coherent, 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 one of the s OFDM symbols within a group of {1, 2, …, s} is dropped[, the associated PUSCH transmission (i.e., the SRS resource is identified by the SRI of the PUSCH), if any, does not assume “codebookSubset =
fullyAndPartialAndNonCoherent”].
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Appendix 
Appendix 1: Agreements from 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
· [bookmark: _Hlk111638510]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)
	Rel-18 SLS Assumptions for TDD CJT SRS

	Parameter
	Value

	Duplex, Waveform 
	TDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	
	Companies can simulate from the following 2 layouts. 

1) Outdoor (typical 57-sector, or 21-sector, SLS): 
OptionA: 1 TRP per sector, 3 sectors per site. N_TRP (#TRPs): 2, 3, 4  (N_TRP is semi-statically chosen based on, e.g. RSRP). The N_TRP TRPs can be selected either only from the same site (intra-site - limited to 3 TRPs), or also from other sites (inter-site) - company should describe what is assumed  

OptionB: N_TRP co-located (at BS) panels per sector - companies describe how the panels are (azimuthally) oriented

- Dense Urban (macro only) 200m ISD or Urban Macro 500m ISD







2) Indoor Hotspot: 
model in TS 38.802
- N_TRP (#TRPs): 2, 3, 4 (N_TRP is semi-statically chosen based on, e.g. RSRP)Outdoor OptA





	Frequency Range
	FR1 only, 3.5GHz

	Inter-BS (site) distance
	Outdoor: 200m or 500m
Indoor Hotspot: per TS 38.802

	Channel generation model
	According to the TR 38.901 

Difference in propagation delays between UE and N_TRP TRPs is taken into account in the composite Channel Impulse Response (CIR)  for CJT.
Otherwise, company should state if per-TRP delay offset (to "zero") is performed in the simulation.

Per WID, ideal synchronization and backhaul should be assumed. 
Optionally, companies may present results with phase/frequency error and should state the assumed frequency error models and values.

	Antenna setup and port layouts at gNB
	- 8 ports: (4,4,2,1,1,1,4), (dH,dV) = (0.5, 0.8)λ
- 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
- 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
- 64 ports: (8,8,2,1,1,4,8), (dH,dV) = (0.5, 0.8)λ 
Total #ports = N_TRP x {8,16,32,64}

	Antenna setup and port layouts at UE
	
4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2

	BS Tx power 
	Dense Urban or Urban Macro:
- Per TRP: 44 dBm for 20MHz, 47dBm for 40MHz, 51dBm for 100MHz
Indoor: per TRP 24dBm

	BS antenna height 
	Depending on scenarios (cf. table A.2.1-1 of TS 38.802): DU (25m), UMa (25m), Indoor Hotspot (3m)

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	30kHz 

	Number of RBs
	52RB for 20MHz, 104RB for 40MHz, 272RB for 100MHz

	Frame structure 
	DSUDD, or companies to state the used frame structure

	MIMO scheme
	SU/MU-MIMO with rank adaptation is a baseline 
For low RU, SU-MIMO or SU/MU-MIMO with rank adaptation are assumed 
For medium/high RU, SU/MU-MIMO with rank adaptation is assumed 

	MIMO layers
	For all evaluation, companies to provide the assumption on the maximum MU layers 

	Overhead 
	Companies shall provide the downlink overhead assumption

	Traffic model
	FTP 1 or FTP 3 with 20%, 50% or 70% traffic load

	UE distribution
	According to TS 38.802
- DU and UMa: 80% indoor (3km/h), 20% outdoor (30km/h) 
- Indoor Hotspot: 100% indoor (3km/h)

	UE receiver
	MMSE-IRC as the baseline receiver

	DL Channel estimation
	Realistic

	Evaluation Metric
	DL throughput

	Baseline for performance evaluation
	R17 SRS design

	SRS modeling for UL channel estimation
	Companies to state the used SRS periodicity.
Companies to state the SRS channel estimation modeling 
Number of ports = 2 or 4
Tx power = 23 dBm



	Rel-18 LLS Assumptions for TDD CJT SRS

	Parameter
	Value

	Scenario
	N_TRP (#TRPs): 2, 3, 4

	Carrier frequency and subcarrier spacing 
	3.5 GHz with 30 kHz SCS

	System bandwidth
	20MHz, 40MHz, 100MHz

	Channel model
	CDL-B or CDL-C in TR 38.901 with 30ns or 300ns delay spread as baseline for MU-MIMO and SU-MIMO 
Note: Other delay spread is not precluded. 

Difference in propagation delays between UE and N_TRP TRPs is taken into account in the composite Channel Impulse Response (CIR)  for CJT.
Otherwise, company should state if per-TRP delay offset (to "zero") is performed in the simulation.

Per WID, ideal synchronization and backhaul should be assumed. 
Optionally, companies may present results with phase/frequency error and should state the assumed frequency error models and values.

	UE velocity
	3km/h

	Antennas at UE
	1T4R, 2T4R, 4T4R

	Antennas at gNB
	64 ports: (8,8,2,1,1,4,8), (dH,dV) = (0.5, 0.8)λ 
32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ

	Rank and MCS
	Rank/MCS can be adaptive or fixed.

	Evaluation metrics
	MSE, BLER or throughput

	Baseline
	R17 SRS design

	Precoding granularity
	Fixed: 2, 4 or wideband for DL, wideband for UL.

	SRS configurations 
	Companies to state the used SRS periodicity.
Frequency hopping：Companies to state whether SRS frequency hopping is enabled and the hopping pattern if so.

	DL SNR
	Companies to state the used difference between DL SNR and UL SNR



Appendix 2: Agreements from 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.
Appendix 3: Agreements from 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:
· 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
· 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.
Appendix 4: Agreements from 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 5: Agreements from 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.
Appendix 6: Agreements from 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.
· 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:
· Option 1: the cyclic shift positions are completely aligned across the comb offsets on the same OFDM symbol.
· For comb =4, . For comb =8, . For port , .
· 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.
· For comb =4, . For comb =8, .  Example: For port , . FFS equation details.
· 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.
· Note: applicable to the SRS resource with or without FH/RPFS.
· 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:
· 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 7: Agreements from RAN1#113
Agreement
For SRS comb offset hopping / cyclic shift hopping reinitialization periodicity of N radio frame(s):
· N = 128
Agreement
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.
· The subset configuration applies to all the port(s) in the SRS resource, and all the port(s) in the SRS resource has (have) the same hopping offset value  on an OFDM symbol.
· This is a UE-optional feature.
Agreement
For SRS cyclic shift hopping, support finer time-delay-domain granularity, e.g., , where  can be randomly chosen from  at each SRS transmission.
· Note: The finer granularity above only applies to the cyclic shift offsets when cyclic shift hopping is enabled.
If a subset for cyclic shifts is configured, this feature cannot be configured.
Above is a UE optional feature.
Agreement
SRS comb offset hopping / cyclic shift hopping can be configured for aperiodic SRS.
Agreement
Whether SRS cyclic shift hopping can be combined with one of group / sequence hopping on a SRS resource depends on UE feature/capability design.
Agreement
SRS comb offset hopping and cyclic shift hopping can be configured for a SRS resource at the same time as a separate UE capability. No joint hopping scheme is supported.
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 on 2 comb offsets (=4, ) or comb 8 on 4 comb offsets (=8, ), the cyclic shift positions are completely aligned across the comb offsets on the same OFDM symbol.
· For port , .
Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ 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.
· Note: This may be captured in the specification in a few different but equivalent ways, and it is up to the editor to decide.
Conclusion
There is no consensus on the support of the following feature in RAN1:
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.
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