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2. Triggering offset enhancement
2.1.2 Available slot definition
Possible agreements
Confirm the following WA with modifications
Working Assumption
An “available slot” is a slot satisfying there are UL or flexible symbol(s) for the time-domain location(s) for all the SRS resources in the resource set and it satisfies UE capability on the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set.
· From the first symbol carrying the SRS request DCI and the last symbol of the triggered SRS resource set, UE does not expect to receive SFI indication, UL cancellation indication or dynamic scheduling of DL channel/signal(s) on flexible symbol(s) that may change the determination of “available slot”.
· Note: Collision handling between the triggered SRS and any other UL channel/signal is performed after the determination of available slot.
· FFS: Rules to handle the case of multiple SRS resource sets with overlapping symbols and/or triggered by a same DCI

Companies’ further views are collected as follows.
	Companies
	Views

	Intel
	Now we can understand the intention that when determining available slot, all the UL slots are treated as ‘available’ slot even if both gNB and UE already knows that the slot is not available due to occupation by other signals. We think the text should be more clear on this. In addition, the timing requirement between triggering PDCCH and SRS should be UE capability.
 
To compromise, we can accept as agreement with the following update.
Working Assumption
An “available slot” is a slot as long as the OFDM symbol positions in the slot configured for all the SRS resources in the resource set are ‘uplink’ or ‘flexible’, satisfying there are UL or flexible symbol(s) for the time-domain location(s) for all the SRS resources in the resource set and it satisfies UE capability on the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set.
Ÿ   From the first symbol carrying the SRS request DCI and the last symbol of the triggered SRS resource set, UE does not expect to receive SFI indication, UL cancellation indication or dynamic scheduling of DL channel/signal(s) on flexible symbol(s) that may change the determination of “available slot”.
Ÿ   Note: Collision handling between the triggered SRS and any other UL channel/signal is performed after the determination of available slot.
Ÿ   FFS: Rules to handle the case of multiple SRS resource sets with overlapping symbols and/or triggered by a same DCI
 


	QC
	We are fine with added wording on UE capability. However we prefer the original language of available slot definition as it is more clear to us than the suggested update.  

	LG
	
 We prefer original wording if revised wording has exactly same meaning. But we are OK with adding “UE capability on” in main sentence.




3. Antenna switching up to 8Rx
3.1. Resource set configurations
Possible agreements (FL Proposal 3-1): 
· For aperiodic antenna switching SRS, support to configure N <=N_max resource sets, where totally K resources are distributed in the N resource sets flexibly based on RRC configuration.
· For 1T6R, K=6, N_max = [4], and each resource has 1 port.
· For 1T8R, K=8, N_max = [4], and each resource has 1 port.
· For 2T6R, K=3, N_max = [3], and each resource has 2 ports.
· For 2T8R, K=4, N_max = [4], and each resource has 2 ports.
· (WA) For 4T8R, K=2, N_max = [2], and each resource has 4 ports.
· At least more than one candidate value for N is supported for each xTyR. FFS the supported candidate values.
· FFS extension to increase N_max for 1T4R, 2T4R, T=R and 1T2R cases for aperiodic, periodic and semi-persistent SRS resources
· FFS the number of resources and resource sets for semi-persistent and periodic antenna switching SRS
· Note: SRS could be transmitted over the last 6 OFDM symbols, or over any OFDM symbols within the slot subject to UE capability.

Companies’ further views are collected as follows.
	Companies
	Views

	InterDigital
	We cannot agree to the proposed configuration for 4T8R. We would like to have further study to consider the impact of UE coherency capability for supporting this configuration.
 
For now, we could agree to the following,
	Ÿ   For 4T8R,
n   For fullAndPartialAndNonCoherent UEs, K=2, N_max = 2, and each resource has 4 ports.
n   FFS for partialAndNonCoherent and nonCoherent UEs


 

	Intel
	Regarding Proposal 3-1, it’s still not very clear why UE coherence capability has impact on SRS resource configuration for antenna switching. For non-coherent UE with 4T8R, how many resources/resource set/port per resource is expected? In addition, if the UE coherence capability has impact on antenna switching design, why it is only for 4T8R case? Hope this can be further clarified.
 
One more comment on Proposal 3-1 is about the bullet of FFS on the extension to increase N_Max, why the case ‘T=R’ is included? For T=R, only one SRS resource is enough, how many resource sets will be extended to?


	QC
	We have concerns on the FFS of UE coherence capability. We think it is confusing and it is not clear to us what is meant by UE coherence capability for UE performing antenna switching on different antenna ports. UE coherency as defined in 3gpp spec (38.101, 6.4D.4 ) is for UL MIMO such that for same antenna ports, UE keep relative power and phase errors within certain margin over some time. For antenna switching, we are not aware of such requirement or capability.
 
We are okay with the proposal without the FFS. Anyways, the proposal on 4T8R is general and can accommodate all configurations and there is no need for the FFS.


	Nokia
	We want one small change in Proposal 3-1: to delete the red FFS part.
 
I checked company’s view supporting the FFS part, and found they are considering the misaligned between DL/UL channel possibly caused by phase coherence. But Qualcomm and Oppo already provided good explains why we don’t need to consider that.


	LG
	We have no strong view but why the added FFS bullet is limited to 4T8R case?

	InterDigital2
	As for the RAN4 specification, as highlighted below, while the measurement is performed at each antenna port, however their relative measurement should be within the range expressed by the Table 6.4D.4-1, (38.101).
 
For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errorsbetween different antenna ports in any slot within the specified time window from the last transmitted SRS on the same antenna ports, for the purpose of uplink transmission (codebook or non-codebook usage) and those measured at that last SRS. The requirements in Table 6.4D.4-1 apply when the UL transmission power at each antenna port is larger than 0 dBm for SRS transmission and for the duration of time window.
Table 6.4D.4-1: Maximum allowable difference of relative phase and power errors in a given slot compared to those measured at last SRS transmitted
	Difference of relative phase error
	Difference of relative power error
	Time window

	40 degrees
	4 dB
	20 msec


 
We really do not understand the rush to agree on this case while it needs further discussion. To us, the most proper approach is to hold on any agreement for 4T8R case till we have a better understanding on this issue. Having said that, for the progress, we could reluctantly accept a WorkingAssumption status for 4T8R, or having the propose FFS by the original proposal by FL and Chairman.


	Intel2
	Regarding FL Proposal 3-1, we think the OFDM position for SRS should be clarified, i.e. to follow Rel-16 pattern which SRS can be sent over the last 6 symbols or any symbols subject to UE capability. Having new SRS position pattern in Rel-17 is not preferred.
By the way, we are fine to have the text added to the FFS.




4. Coverage and capacity enhancements
Possible agreements (FL Proposal 4-1): 
For Rel-17 SRS capacity and coverage enhancement, support the following
· Increase the maximum number of repetition symbols in one slot and one SRS resource to S
· Support at least one S value from {8, 10, 12, 14}
· FFS other candidate values
· Support to transmit SRS only in  contiguous RBs in one OFDM symbol, where  indicates the number of RBs configured by BSRS and CSRS
· Support at least one PF value from {2, [3], 4, 8}
· FFS other candidate values, e.g., non-integer values for PF
· Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued. 
· No new sequence including length is introduced.
· FFS it is applicable to frequency hopping only, or both frequency hopping and non-frequency hopping
· FFS detailed signaling mechanism to determine PF and the location of the RBs, potentially taking non-frequency hopping case into account
· Support Comb 8
· Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.
· FFS whether and if needed, how to use harmonized approach to define the three supported schemes
· Note: other schemes for SRS capacity and coverage enhancements are not supported in Rel-17.

Companies’ further views are collected as follows.
	Companies
	Views

	Futurewei
	 As we commented before, the capability of dynamically changing the SRS BW in the non-hopping case is quite important but cannot be supported by existing standards.  Therefore, we prefer not to state non-frequency hopping as FFS/potentially. Our suggested proposal is:
Possible agreement (Proposal 4-1)
For Rel-17 SRS capacity and coverage enhancement, support the following
Ÿ   Increase the maximum number of repetition symbols in one slot and one SRS resource to S
-         Support at least one S value from {8, 10, 12, 14}
Ÿ   FFS other candidate values
Ÿ   Support to transmit SRS only in    contiguous RBs in one OFDM symbol, where  indicates the number of RBs configured by BSRS and CSRS
-         Support at least one PF value from {2, [3], 4, 8}
Ÿ   FFS other candidate values, e.g., non-integer values for PF
-         Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.
-         FFS it is applicable to frequency hopping only, or both frequency hopping and non-frequency hopping
-         FFS detailed signaling mechanism to determine PF and the location of the RBs, potentially includingtaking non-frequency hopping case into account
Ÿ   Support Comb 8
-         Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.
Ÿ   Support omitting SRS transmission on the whole  RBs in a frequency hop
Ÿ   FFS whether and if needed, how to use harmonized approach to define the three supported schemes
Ÿ   Note: other schemes for SRS capacity and coverage enhancements are not supported in Rel-17.


	OPPO
	For the new updated version of Proposal 4-1, we cannot accept it. 
As we commented before, one solution for capacity enhancement and another solution for coverage enhancement are sufficient for Rel-17. We don’t see any the benefit to introduce duplicated features for the same purpose. Thus, we only support up to 2 schemes for this topic. We compromised to accept the previous proposal 4-1  that supports 3 schemes just for the sake of progress. However, more scheme is added in the new version, which is not acceptable for us.  Approving a huge package with multiple duplicated features is not a good way for the technical perspective.
Regarding to the deleted parts, we suggest to keep them as we have lots of questions on bullet#2. For the sake of progress, we can discuss it later but we need to keep the FFS parts to reflect the fact that we haven’t achieved any agreements on some sub-topics.


	Intel
	Regarding Proposal 4-1, support OPPO’s view on the modification to the second bullet. We are fine with the original version of the second bullet.

	Futurewei2
	As we replied to Zhihua before, dynamically changing the SRS BW for non-hopping cases is a capability lacking in current spec, which should address Zhihua’s concern raised in the email discussion. In addition, this is not introducing a new scheme; it is for the same design / same behavior for hopping and non-hopping cases.

	Samsung
	 Despite these efforts we don't want any more schemes to be added here. So we only support 3 schemes in original.
We also have the same view as OPPO, and we still do not know what additional gains can be obtained with omitting technique compared to what the 2nd bullet suggests in the original proposal.


	OPPO2
	· Dynamic change of SRS BW is not related to SRS coverage enhancement or capacity enhancement. From my understanding, it is more relevant to SRS overhead reduction. Thus, we don’t see why it should discussion in the proposal.
· Moreover, there are other proposals (e.g., Proposal 2-6) to discuss the dynamic indication of SRS BW by reusing some DCI field (e.g., FDRA field). Different schemes for the same purpose of dynamic SRS BW indication should be discussed together.
Thus, our original suggestion is to only focus on the hopping cases in Proposal 4.1. For the sake of progress, we compromised to add FFS part here for further discussion. Hope our position is clarified.


	vivo
	As we commented, on proposal 4-1, we don’t see technical argument here except for the number 3. As we explained, the additional is scheme is much simpler and doesn’t change legacy UE behavior for SRS transmission, doesn’t require new sequence design. Can I get some technical response here?

	QC
	We believe that scheme described in 2nd bullet is a superset that can achieve same functionality of the additional scheme (subband level PFS) plus some others. So, subband level PFS doesn’t deliver additive SRS coverage and capacity gains. We understand the simplicity of subband sounding scheme, however, the objective here is enhancement to SRS coverage and capacity.

	OPPO3
	Regarding the new scheme suggested by Rakesh, we have the following comments
1. Omitting a whole frequency hopping does not help for the power boosting of SRS transmission. Thus, the new scheme cannot enhance the coverage.
2. Omitting a whole frequency hopping does not enhance the SRS capacity.
Thus, we don’t see the relationship between the new scheme and SRS coverage/capacity enhancement.  We also believe, the current spec allow proper configuration to achieve the same performance.
 
Based on our understanding, the new scheme is only to proposal a new hopping pattern, nothing related to the current topics. Moreover, the current spec offer flexible configurations for SRS transmission, which allow various hopping pattern. If some company believes new hopping pattern is beneficial, we can discuss the specific new hopping pattern one by one.  


	Vivo2
	For the power boosting, of course gNB has flexibility configuring C_SRS and B_SRS for suitable hopping bandwidth. Regarding capacity, of course on the symbols where one UE omits transmission can be used by other UEs. The frequency hopping principle (equation) doesn’t change, in this sense it is not new frequency hopping pattern. From UE implementation perspective for each hop, it is same as legacy behavior, this is the biggest advantage and even RAN4 testing is not required.

	OPPO4
	Now we both agree that the new scheme does not help coverage enhancement.
 
Regarding the capacity, we still fail to see any benefit. If dropping a subset of frequency hopping is helpful, gNB can just configure a lager periodicity or less symbols for a SRS resource, which can achieve the same purpose. For example, Case 2 and Case 3 will use the same resource.  (The dropping pattern and hopping patterns  are just for illustration)
 
As for the hopping pattern, obviously there are different hopping patterns for Case 1 and Case 2
 
In summary, we still fail to see the benefit of the new scheme for SRS coverage/capacity enhancement.
 

	Lenovo, MotM
	We have concern on the second scheme. Why contiguous RBs should be required? As illustrated in our contribution, non-contiguous partial band sounding can also provide capacity and coverage gain, specifically for wideband sounding without frequency hopping. So we suggest the following updated proposal:
 
Support to transmit SRS only in     contiguous RBs in one OFDM symbol, where  indicates the number of RBs configured by BSRS and CSRS
-         Support at least one PF value from {2, [3], 4, 8}
Ÿ   FFS other candidate values, e.g., non-integer values for PF
-         Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.
-         FFS it is applicable to frequency hopping only, or both frequency hopping and non-frequency hopping
-         FFS detailed signaling mechanism to determine PF and the location of the RBs, potentially taking non-frequency hopping case into account
 


	Samsung2
	As we mentioned in the FL's summary, since the method of using non-continuous RB in second scheme has issues SRS implementation such as channel estimation complexity, and PAPR issues.
In the condition of using only consecutive PRBs, we support Scheme 2 to be included in the proposal.


	ZTE
	Re Bingchao's question on "contigous"
If RB is not contigous in an OFDM symbol, SRS tones are not distributed uniformly. There will be PAPR issue. 

Re Rakesh and Zhihua's discussion on Zhihua's example
Our understanding is that the second bullet will not sacrifice SRS measurement periodicity or samples in time-domain (these two have large impact on SRS channel estimation performance) for SRS capacity increase. Based on all the companies' evaluations, there is no loss in terms of link level performance for the second bullet. While the two examples in Zhihua's figure either scrifice SRS periodicity or samples in time-domain.


	Nokia, NSB
	On the necessity of mapping SRS resource on continuous PRBs, I fully echo on Chuangxin’s or Hyoungju’s comment. I strongly suggest not to support non-contiguous transmission of SRS.
 
For the discussion on 2nd bullet (can be call it scheme 2) on FL proposal, most of all, we disagree to define two different way of signaling which support exact the same operation.
When gNB needs to configure partial sounding via narrowband SRS to get extended coverage, whether 1) configure sufficient # of hopping then reducing # PRBs for each transmission – scheme 2, or 2) configure narrowband SRS with large # of hopping then disable some of the hopped transmission – Vivo’s proposal, gNB may indicate exactly same operation for UE. So we can support only one of the schemes, scheme 2 or Vivo’s suggestion. At this moment we slightly prefer to go with majority’s support, scheme 2.
As a worst case, if we cannot have consensus or companies still have concerns on benefits of partial sounding, we are even fine to remove partial sounding part.


	Huawei, HiSilicon
	For scheme-3-2, similar view as ZTE, we also show the obvious performance gain of RB level partial sounding in our Tdoc R1-2100213.  With the partial sounding configuration, the SRS capacity will be increased, which lead to performance improvement with in time SRS transmissions for UEs.
We have no strong view on whether support Subband level partial sounding additionally. But, we concerns on so many similar solutions supported in Rel-17. Actually, we do not think Scheme 3-3, i.e., Comb=8, and Scheme 2-0, i.e., increasing repetition number, is beneficial, please see the evaluation results on comparison we provided in our Tdoc. Obviously, Comb=8 will reduce the number of CSs, so no claimed capacity enhancement. Increasing the repetitions is without benefits compared to reduce hopping bandwidth, but will reduce the SRS capacity. In our understanding, Scheme 2-3, CS hopping, is indeed beneficial to handle inter-cell interference (simulation results are also provided), although not selected by FLJ. Just for the sake of progress, we accept the compromise to support 3 schemes. We may be fine if majority of companies support Scheme 3-3, i.e., subband level partial sounding, additionally. But, if no majority supporting on Scheme 3-3, we should let the original proposal go.


	Lenovo, MotM 2
	I understand your concern on the PAPR issue with non-contiguous RBs sounding and can accept the contiguous SRS transmission to avoid increase the PAPR.
Another concern is why discuss this scheme without frequency hopping, because     contiguous RBs for SRS can be configured by Rel-15 at least with PF ∈{2, 4, 8}.

	ZTE2
	Reply to Lenovo, MotM 2
[bookmark: _GoBack]For the FFS point on the case of non-frequency hopping, as clarified by companies like Futurewei and Ericsson, the intention is to enhance dynamic indication of SRS RBs even without FH. Then the framework we have here can be used. It should be fine to be one FFS point for future discussion. 

	LG
	As many companies mentioned, the three schemes in the original proposal were already compromise solution also for us. We prefer Hao’s latest version of proposal 4-1 with three main schemes.



5. Conclusion
Possible agreements
Confirm the following WA with modifications
Working Assumption
An “available slot” is a slot satisfying there are UL or flexible symbol(s) for the time-domain location(s) for all the SRS resources in the resource set and it satisfies UE capability on the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set.
· From the first symbol carrying the SRS request DCI and the last symbol of the triggered SRS resource set, UE does not expect to receive SFI indication, UL cancellation indication or dynamic scheduling of DL channel/signal(s) on flexible symbol(s) that may change the determination of “available slot”.
· Note: Collision handling between the triggered SRS and any other UL channel/signal is performed after the determination of available slot.
· FFS: Rules to handle the case of multiple SRS resource sets with overlapping symbols and/or triggered by a same DCI

Possible agreements (FL Proposal 3-1): 
· For aperiodic antenna switching SRS, support to configure N <=N_max resource sets, where totally K resources are distributed in the N resource sets flexibly based on RRC configuration.
· For 1T6R, K=6, N_max = [4], and each resource has 1 port.
· For 1T8R, K=8, N_max = [4], and each resource has 1 port.
· For 2T6R, K=3, N_max = [3], and each resource has 2 ports.
· For 2T8R, K=4, N_max = [4], and each resource has 2 ports.
· (WA) For 4T8R, K=2, N_max = [2], and each resource has 4 ports.
· FFS the number of supported candidate values of N for each xTyR.
· FFS extension to increase N_max for 1T4R, 2T4R, T=R and 1T2R cases for aperiodic, periodic and semi-persistent SRS resources
· FFS the number of resources and resource sets for semi-persistent and periodic antenna switching SRS
· Note: SRS could be transmitted over the last 6 OFDM symbols, or over any OFDM symbols within the slot subject to UE capability.

Possible agreements (FL Proposal 4-1): 
For Rel-17 SRS capacity and coverage enhancement, support the following
· Increase the maximum number of repetition symbols in one slot and one SRS resource to S
· Support at least one S value from {8, 10, 12, 14}
· FFS other candidate values
· Support to transmit SRS only in  contiguous RBs in one OFDM symbol, where  indicates the number of RBs configured by BSRS and CSRS
· Support at least one PF value from {2, [3], 4, 8}
· FFS other candidate values, e.g., non-integer values for PF
· Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued. 
· No new sequence including length is introduced.
· FFS it is applicable to frequency hopping only, or both frequency hopping and non-frequency hopping
· FFS detailed signaling mechanism to determine PF and the location of the RBs, potentially taking non-frequency hopping case into account
· Support Comb 8
· Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.
· FFS whether and if needed, how to use harmonized approach to define the three supported schemes
· Note: other schemes for SRS capacity and coverage enhancements are not supported in Rel-17.



