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Introduction
In this contribution, we summarize all issues discussed on beam management and timings associated with beam-based operation for new SCSs to support NR from 52.6 GHz to 71 GHz in RAN#110bis-e.
Remaining issues
1st round discussion
Contribution summary
Minimum guard period between two SRS resources of an SRS resource set for antenna switching
In RAN1#106bis-e [1], the support of a minimum guard period Y between two SRS resources of an SRS resource set for antenna switching was agreed for 480 kHz and 960 kHz. The value of the guard period Y expressed in number of symbols is specified in 38.214 Table 6.2.1.2-1 as shown in Table 1 [2]:
Table 1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2



In RAN1#107bis-e [3], RAN1 sent an LS to ask RAN4 feedback on how many symbol(s) is/are needed for the required guard time for SRS antenna switching for 480/960 kHz in FR2-2. According to the reply LS from RAN4 [4], the absolute switching time for 480/960 kHz is the same as the capability evaluated in R16 (i.e., 15 us).
In [InterDigital 3], 8 and 16 symbols, which are 4x and 8x scaled values of 2 symbols for 120 kHz, are proposed for 480 kHz and 960 kHz, respectively, as the absolute switching time for 480/960 kHz is the same as the switching time for 120kHz. On the other hand, in [Fujitsu, 5], [Ericsson, 6], [Huawei/HiSi, 8] and [NTT Docomo, 10], it is proposed to support 7 and 14 symbols for 480 kHz and 960 kHz for 480 kHz and 960 kHz respectively. The 7 and 14 symbols were derived by translating 15 us switching time to Y = 7 and 14 symbols for 480 kHz and 960 kHz, respectively. 
 
Moderator’s comment
The moderator proposes to approve Proposal 2.1-1, supporting 7 and 14 symbols for 480 kHz and 960 kHz, based on the support from the majority companies. 

Proposal 2.1-1
Agree on the following CR.

	6.2.1.2	UE sounding procedure for DL CSI acquisition
*** Unchanged text omitted ***
For 1T2R, 1T4R or 2T4R, or 1T6R or 1T8R, 2T6R, 2T8R, 4T8R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same slot. For 1T=1R, 2T=2R or 4T=4R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same symbol.
The value of Y is defined by Table 6.2.1.2-1.
Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2

	5
	480
	7

	6
	960
	14






	Company
	Input

	QC
	[bookmark: _Hlk116483999]We are generally fine for the # of 7/14. However, aperiodic SRS resource set in current spec can only have resources in the same slot, since each A-SRS resource has no resource specific slot offset and the starting position can only be within 0-13. So there seems difficult to have A-SRS resources in the same slot but with 7/14 symbol gap. Therefore, we prefer to extend A-SRS resource set to multiple slots, which is critical to UE only supporting 1 A-SRS set. 

resourceMapping-r17                     SEQUENCE {
        startPosition-r17                       INTEGER (0..13),

Proposal: Agree on the CR in FL’s Proposal 2.1-1
· Support aperiodic SRS resource set with SRS resources across multiple slots
· FFS: Details


	Nokia/NSB
	We are fine with the proposal. 
Regarding to QC’s proposal, we are fine in general, but we have to check the spec implementation. 

	Ericsson
	We agree to the CR

Regarding, QC's proposal, we do not agree to this significant change in maintenance. We understand that requiring a gap of 14 will mean that two different aperiodic SRS resources in different OFDM symbols cannot be supported in the same slot; however, for the SRS based antenna switching feature, e.g., with 1T4R, indeed this can be configured with 2 different aperiodic resource sets where the 2 sets are in different slots. Hence, a gap of 14 symbols is indeed meaningful.

	Huawei, HiSilicon
	We are supportive of the guard values of 7 and 14. 
Regarding the need for resource-specific slot offset, we are open to discuss. Similar to Ericsson, we also prefer to avoid introducing such a resource-specfic offset at this stage of maintenance if all xTyR combinations can be addressed by configuring z>1 SRS resource sets. However, to our understanding, a single SRS resource set configuration cannot be avoided for all xTyR combinations. 

	Apple 
	Fine to define 7/14 symbols gap as proposed by FL. 

On the resource-specific offset, we are open to discuss it. In our view, it is important to identify whether any use case can NOT be supported with two SRS resources set as mentioned by Ericsson. If no important use is identified, we would prefer not to introduce new feature at the maintainance phase.  

	Fujitsu
	Support Proposal 2.1-1.
As for QC’s proposal, we share the same view with Nokia. Besides, the proposal can be separately discussed.

	QC
	For the comments on multiple resource sets, only one A-SRS resource set can be configured at least in the following cases (38.214->6.2.1.2). We think this issue is critical to implementations. Pls check

1T2R:
   zero or one SRS resource set with resourceType in SRS-ResourceSet set to 'aperiodic' if the UE is not indicating a capability for [extension of aperiodic antenna switching SRS configuration]

2T4R:
-     zero or one SRS resource set configured with resourceType in SRS-ResourceSet set to 'aperiodic' if the UE is not indicating a capability for [extension of aperiodic antenna switching SRS configuration]

	Samsung
	We are fine with proposal.
Regarding QC’s proposal, we understand the issue, however, we think extending SRS resource set to multiples slots may require large spec impact, which should be avoided at maintainance phase. Furthermore, although 7/14 symbol gap may limit SRS resource allocation, we think A-SRS antenna switching can be supported at least for 480kHz. In our view, with one SRS resource set at least 1T2R, 2T4R, and 4T8R for 480kHz SCS can be supported, and with two SRS recource sets at least 1T2R, 1T4R, 2T4R, 2T6R, 2T8R, and 4T8R can be supported for 480kHz. Although SRS antenna switching for FR 2-2 may have some restriction, if there is no critical use case, we prefer not to introduce extending SRS resource set.



	ZTE, Sanechips
	We are fine with FL proposal and open to QC’s proposal. But wen tend to discuss AP-SRS separately.

	LG Electronics
	We are fine with FL proposal. Regarding the issue brought up by Qualcomm, to our understanding, if the UE indicates a capability for [extension of aperiodic antenna switching SRS configuration] only, up to 2 aperiodic SRS resource sets can be configured for 1T2R or 2T4R case, which is introduced in Rel-17.
Overall, we tend to agree with other companies in that big specification change needs to be avoided in maintenance phase.

	CATT
	Fine with the proposal . For Qualcomm’s question, we are open to discuss further separately.



Conclusion from the GTW session
Agreement
Agree on the following TP for TS38.214

	6.2.1.2	UE sounding procedure for DL CSI acquisition
*** Unchanged text omitted ***
For 1T2R, 1T4R or 2T4R, or 1T6R or 1T8R, 2T6R, 2T8R, 4T8R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same slot. For 1T=1R, 2T=2R or 4T=4R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same symbol.
The value of Y is defined by Table 6.2.1.2-1.
Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2

	5
	480
	7

	6
	960
	14








2nd round discussion
In the GTW session, the following issue was captured for the further discussion on how to handle aperiodic SRS resources with 7 and 14 symbol gap. 

[bookmark: _Hlk116484726]Continue discussion on the issue raised by Qualcomm in R1-2210313 at RAN1#110bis-e, for example how to handle aperiodic SRS resources with 7 and 14 symbol gap.

1st round summary 
In Qualcomm’s initial input, it is pointed out that supporting aperiodic SRS resources in the same slot would be difficult with 7/14 symbol gap. Based on the observation, Qualcomm expressed their preference on extending aperiodic SRS resource set to multiple slots. On the other hand, Ericsson pointed out that some specific configurations (e.g., 1T4R) can be configured with 2 different aperiodic resource sets where the 2 sets in different slots. According to Qualcomm’s response, only one resource set is support for the following configurations. 
1T2R:
   zero or one SRS resource set with resourceType in SRS-ResourceSet set to 'aperiodic' if the UE is not indicating a capability for [extension of aperiodic antenna switching SRS configuration]

2T4R:
   zero or one SRS resource set configured with resourceType in SRS-ResourceSet set to 'aperiodic' if the UE is not indicating a capability for [extension of aperiodic antenna switching SRS configuration]

0. 2nd round discussion 
Please provide your inputs on how to handle aperiodic SRS resources with 7 and 14 symbol gap.
	Company
	Input

	Ericsson
	I understand now that QC is concerned about cases where it is only allowed to configure a single SRS resource set, e.g., for 1T2R and 2T4R. We think it is too big a change in maintenance phase to specify an SRS resource set that spans more than one slot as proposed by Qualcomm.

I would like to further clarify one point: I believe the issue is only for 960 kHz SCS when the symbol gap is 14, right? For 480 kHz SCS with 7 symbol gap, one can still configure an SRS resource set with two SRS resources separated by 7 symbols for the 1T2R and 2T4R cases. Note that from Rel-16 SRS resources can be configured in any OFDM symbol of a slot.

For the case of 960 kHz SCS with 14 symbol gap, LGE has mentioned a work around which seems viable – in Rel-17, two SRS resource sets in different slots can be configured for 1T2R and 2T4R cases (see below text extract for the 1T2R case).

Given the above, it seems like no further enhancements are needed. 

For 1T2R, if the UE is indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets] and/or a capability for [extension of aperiodic antenna switching SRS configuration]:
-	when the UE is indicating a capability for [maximum 2 semi-persistent and maximum 1 periodic SRS resource sets] only, then up to two SRS resource sets with resourceType in SRS-ResourceSet set to 'semi-persistent' and up to one SRS resource set with resourceType in SRS-ResourceSet set to 'periodic' can be configured, or up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet can be configured, where the two SRS resource sets configured with 'semi-persistent' are not activated at the same time, each SRS resource set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of the second resource in the set is associated with a different UE antenna port than the SRS port of the first resource in the same set.
-	when the UE is indicating a capability for [extension of aperiodic antenna switching SRS configuration] only, then up to two SRS resource sets with resourceType in SRS-ResourceSet set to 'aperiodic' and up to one SRS resource set with resourceType in SRS-ResourceSet set to 'periodic' or 'semi-persistent' can be configured, or up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet can be configured. In the case of two resource sets with resourceType in SRS-ResourceSet set to 'aperiodic', a total of two SRS resources transmitted in different symbols of two different slots, and where the SRS port pair of each SRS resource in the given two sets is associated with a different UE antenna port pair and the two sets are each configured with one SRS resource. In the case of the one resource set with resourceType in SRS-ResourceSet set to 'aperiodic' is configured, a total of two SRS resources transmitted in different symbols of one slot and where the SRS port of the second resource in the given set is associated with a different UE antenna port than the SRS port of the first resource in the same set. Each SRS resource set with 'resourceType' in SRS-ResourceSet set to 'periodic' or 'semi-persistent' has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of the second resource in the set is associated with a different UE antenna port than the SRS port of the first resource in the same set.


	DOCOMO
	After some further thinking, we agree LGE’s point is valid. 

The issue exists for the case of 1t2r, 2t4r and 1t4r as well, for UE without supporting Rel-17 MIMO capability. If the UE supports the corresponding capability, there would be no issue. If the UE doesn’t support the capability, the UE can be implemented without the function of SRS antenna switching itself. 

We think the similar issue exists already in Rel-15, e.g., for 1t4r with only the last 6 OFDM symbols available. Even if SCS is 15 kHz, sounding 4 times by changing antenna ports requires 4 SRS symbols plus 3 guard symbols in between, which results in 7 OFDM symbols in total. This case was resolved by allowing multiple SRS-ResourceSets for this purpose. 

Therefore, we think similar approach can easily be taken here, i.e., extending the number of SRS-ResourceSets for the purpose. This is already there based on Rel-17 MIMO capability. 

	Samsung
	Regarding aperiodic SRS with 7 and 14 symbol, we prefer not to introduce large spec change at this stage. So, we think only viable antenna configuration can be supported for aperiodic SRS antenna switching in FR 2-2.

Regarding QC’s proposal, in our view, SRS antenna switching is to measure DL MIMO channel. In order to measure fine DL MIMO channel from UE, phase continuity should be hold between SRS resources. However, if SRS resource set is extended across multiple slots, phase continuity may not be hold, since phase may be changed across slot boundary. Therefore, we need to check whether phase continuity is hold across slot boundary first.

	Nokia/NSB
	Thanks LG for reminder. We also think that Rel-17 feature can be used. However, there is still discussion on inter-set gap Y and its interpretation etc. Such larger Y value cause severe UL resource waste, and we are questioning on the real scenario of SRS antenna switching in FR2-2. In that sense, it is better to define the minimum (which is already supported by Rel-17 SRS) without introducing other optimization. But, we are still open to study the issue in the future meetings including the scenarios and practical issues. (Coherent reception in FR2-2 is also questionable. ) 

	LG Electronics
	We are also open to discuss an issue if the issue is identified. However, as we commented before, with Rel-17 features, up to 2 aperiodic SRS resource sets can be configured for 1T2R and 2T4R and up to 4 aperiodic SRS resource sets can be configured for 1T4R. If this is the case, we couldn’t find a critical issue so far to support SRS for antenna switching in FR2-2.
In addition, regarding phase continuity issue raised by Samsung, slot/symbol length of 480/960 kHz SCS is much shorter than that of supported in FR1/FR2-1. In that sense, we are not sure if that is a serious problem.

	ZTE, Sanechips
	we prefer to adopt some existing rules or methods as much as possible to solve problems encountered in the maintenance phase. From the comments and analysis of other companies mentioned above, we understand that it can be handled by using the existing approach, such as extending the number of SRS-ResourceSets. However, if other companies would like to further discuss this issue or other solutions, we are also open.

	Huawei, HiSilicon
	The suggested workaround doesn’t seem to work if UE doesn’t signal [extension of aperiodic antenna switching SRS configuration] but we understand that companies prefer to avoid a substantial spec change for quite a corner case. We can go with the majority view on this. 

	CATT
	Regarding the issue raised by Qualcomm, we think currently the usecase is not evident. Furthermore, with LGE’s suggestion, at least when the UE signal signal [extension of aperiodic antenna switching SRS configuration] there is no problem. We prefer no   change at this stage but we are open to further discussion.



0. Conclusion
Based on the email discussion, the following conclusion was reached. 

Conclusion
There is no consensus to support additional specification enhancement for handling aperiodic SRS resources with 7 and 14 symbol gap.

In addition, the draft CR was endorsed in R1-2210663 and the final CR is in R1-2210705 as per the agreement from the 1st round discussion. 
Applendix – Observations and Proposals
	Company
	Observations and Proposals from Contributions

	[InterDigital, Inc., 3]
	Observation 1: As the absolute switching time for 480/960 kHz is the same according to RAN4, there’s no motivation to decrease absolute time duration for the minimum guard period.
Proposal 1: Support Text proposal 1 to support 8 symbols for 480 kHz and 16 symbols for 960 kHz.
Text proposal 1 (38.214)
	Reason for change: Support SRS antenna switching for SCS 480kHz and 960kHz
Summary of change: Add values of Y for minimum guard period between two SRS resources of an SRS resource set for antenna switching for  and 
Consequence if not approved: SRS antenna switching is not supported for SCS 480kHz and 960kHz
[bookmark: _Hlk114683856]6.2.1.2	UE sounding procedure for DL CSI acquisition
*** Unchanged text omitted ***
For 1T2R, 1T4R or 2T4R, or 1T6R or 1T8R, 2T6R, 2T8R, 4T8R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same slot. For 1T=1R, 2T=2R or 4T=4R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same symbol.
The value of Y is defined by Table 6.2.1.2-1.
Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2

	5
	480
	8

	6
	960
	16







	[Fujitsu, 5]
	Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2

	5
	480
	7

	6
	960
	14



*** Unchanged text omitted ***

	[Ericsson, 6]
	Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2

	5
	480
	7

	6
	960
	14



*** Unchanged text omitted ***

	[Huawei/HiSi, 8]
	Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2

	5
	480
	7

	6
	960
	14



<Unchanged parts omitted>

	[NTT Docomo, 10]
	Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2

	5
	480
	7

	6
	960
	14
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