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Introduction
In this contribution, we discuss potential issues and text proposals on remaining issues for NR in 52.6 – 71GHz.
Discussions
Beam management for new SCSs
Minimum guard period Y 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 follows [3]:
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



As the most of timing related values are scaled based on the absolute time durations, if we simply extrapolate the required values for 480KHz and 960KHz relative to 120KHz, we will end up with 8 and 16 symbols respectively. It is important to support small values for the antenna switching gap considering multiplexing of multiple UEs in a cell, however, mandating UEs to implement small values may be burdensome to some UE implementations, especially for low profile UEs. Having said that, we propose to introduce a UE capability to indicate one of [2, 8] for 480 kHz and [2, 16] for 960 kHz, where 8 and 16 are default values for 480 kHz and 960 kHz, respectively. 
Observation 1: The simple extrapolation of the number of symbols required for antenna switching gap with SRS resource set transition will lead to 8 and 16 blanked symbols respectively for 480 and 960KHz SCS if we use the absolute time duration for low SCSs.
Observation 2: Supporting low values of antenna switching gap would bring efficient NR operation in 52-71GHz. 
Proposal 1: Introduce a UE capability signaling to indicate one of [2, 8] for 480 kHz and [2, 16] for 960 kHz, where 8 and 16 are default values for 480 kHz and 960 kHz, respectively.
Proposal 2: Support Text proposal 1 to support one of [2, 8] for 480 kHz and [2, 16] for 960 kHz based on the proposed UE capability signaling.
Text proposal 1 (38.214)
	[bookmark: _Toc11352159][bookmark: _Toc20318049][bookmark: _Toc27299947][bookmark: _Toc29673221][bookmark: _Toc29673362][bookmark: _Toc29674355][bookmark: _Toc36645585][bookmark: _Toc45810634][bookmark: _Toc106695684]Reason for change: Support SRS antenna switching for SCS 480kHz and 960kHz
Summary of change: Add minimum guard period between two SRS resources of an SRS resource set for antenna switching for  and 
Consequence if not approved: The functionality of SRS antenna switching is not supported for SCS 480kHz and 960kHz
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 6.2.1.2-2 and Table 6.2.1.2-3 based on  and SRS antenna switching capability 1 and 2.
Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching for  and 
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2



Table 6.2.1.2-2: The minimum guard period between two SRS resources of an SRS resource set for antenna switching for  and  for SRS antenna switching capability 1
	
	
	Y [symbol]

	5
	480
	2

	6
	960
	2



Table 6.2.1.2-3: The minimum guard period between two SRS resources of an SRS resource set for antenna switching for  and  for SRS antenna switching capability 2
	
	
	Y [symbol]

	5
	480
	8

	6
	960
	16






Introduction of beam switching gap
During the email discussion in RAN1#107-e [5] and RAN1#107bis-e [6], whether to support UE capability signaling for Rx and Tx beam switching time with/without scheduling restriction (i.e., beam switching gap) was discussed. The decision was to hold the discussion until RAN4 feedback on UE beam switching gap. According to the discussion, the following aspects should be further discussed for the UE capability signaling:
· How to define the UE capability signaling (e.g., per UE, per link (DL or UL), per signal/channel or etc.)
· Granularity of beam switching gaps (e.g., ns or symbols)
· Values of beam switching gaps (e.g., 60 ns for 960 kHz and 120 ns for 480 kHz)
In addition, following aspects should be further discussed for the scheduling restriction:
· Types of DL signals/channels to be supported.
· Types of UL signals/channels to be supported.
· How to support the scheduling restriction between different QCL Type-D/spatial relation info signals/channels.
· Two signals/channels with different QCL Type-D/spatial relation info assumptions.
· One signal/channel with QCL Type-D/spatial relation info assumption and another signal/channel without QCL Type-D/spatial relation info assumption.
· Two signals/channels without QCL Type-D/spatial relation info assumptions.
· Two signals/channels with same QCL Type-D/spatial relation info (e.g., for beam switching)
· Granularity of scheduling restriction (e.g., based on exact amount of beam switching gap (e.g., ns) or symbol level beam switching gap)
Given the limited discussion time in the maintenance phase, it is preferred to support a minimized and essential specification support. Having said that, focusing on UE capability signaling design would be an efficient working solution rather than focusing all the possible cases for the scheduling restriction. 
Observation 3: For UE capability signaling for Rx and Tx beam switching time with/without scheduling restriction, further discussions are essential for the specification support. Especially, various corner cases should be considered for the scheduling restriction.
Observation 4: Given the limited discussion time in the maintenance phase, it is preferred to support a minimized and essential specification support.
Observation 5: Based on the reported value, beam switching time gap can be handled by gNB implementation. 
Proposal 2: Introduce a UE capability signaling for Rx and Tx beam switching without any explicit scheduling restriction.
Channel access mechanism
If UE scheduled with multiple transmissions, each on different beam(s), is forced to drop all transmissions when at least one per-beam LBT fails, the benefit of independent per-beam LBT is lost. The likelihood that interference in a first beam would be present in a second beam is determined as a function of the beamwidth and direction of the beams. Dropping all transmissions due to a single failed per-beam LBT means that even though a beam suffers little or no interference, transmission on it would depend on the channel access performance (i.e. interference) on the set of all scheduled beams, regardless of orthogonality of the beams. This is essentially equivalent to quasi-omni-directional LBT, and it would lead to inefficient use of spatial resources and unnecessarily delayed transmissions. Moreover, it would greatly reduce channel access diversity.
Some companies have argued that this issue is similar to transmissions spanning multiple LBT subbands as discussed in Rel-16 NR-U. However, in the case of multi-beam operation, a single PUCCH or PUSCH may be confined to a set of beams. UE can be configured to transmit multiple PUCCH or PUSCH each on its own set of beams. Transmitting a PUSCH or PUCCH as long as the LBT for all its corresponding sensing beams has been successful and dropping PUSCH or PUCCH if at least one LBT for all its corresponding sensing beams is not successful, does not add any complexity.
During RAN1 #109-e [4], the problem was refined such that multiple PUCCH or PUSCH was considered, and the following proposal was made:

Proposal 5-5-5 (new)
When independent per-beam LBT sensing is performed at UE, a transmission is allowed to occur on a beam if the corresponding LBT procedure for all the beams the transmission is intended for has been successful before the channel occupancy start time
· For one PUCCH or PUSCH transmission over multiple transmission beams, LBT for all the beams the PUCCH/PUSCH transmissions are intended shall be passed
· TP in 5-5-4-B (same as in Proposal 5-5-4)
Moderator note: The main bullet is the same as proposal 5-5-4. The sub-bullet is modified to cover not only sDCI UL mTRP transmission, but also sTRP transmission over multiple transmission beams.

TP 5-5-4-B
Reason for change: Support UL transmission over LBT passing sensing beams only, except sDCI UL mTRP case, where all composition beams need to pass LBT
Summary of change: Add description on what scenario the UL transmission in a subset of sensing beams is allowed
Consequence if not approved: The functionality not supported in the spec yet
===============TP for 37.213 17.1.0================================
4.4 Channel access procedures for frequency range 2-2
** Unchanged part omitted **
When the gNB intends to transmit a DL transmission(s) across multiple transmission beams, if the gNB performs sensing on the corresponding sensing beam(s) independently, the DL transmission(s) can occur on a transmission beam(s) among the multiple transmission beams if the channel access procedures on the corresponding sensing beam(s) have succeeded, and the channel occupancy would start at the same time across the multiple transmission beams.
When the UE intends to transmit UL transmissions across multiple transmission beams, if the UE performs sensing on the corresponding sensing beam(s) independently, the UL transmission(s) can occur on a transmission beam(s) among the multiple transmission beams if the channel access procedures on the corresponding sensing beam(s) have succeeded.
When the UE intends to transmit a PUCCH or PUSCH across multiple transmission beams, if the UE performs sensing on the corresponding sensing beam(s) independently, the PUCCH or PUSCH can occur on the multiple transmission beams if the channel access procedures on the multiple corresponding sensing beams have all succeeded.
** Unchanged part omitted **
=============End of TP==========================================

The above proposal allows a UE to transmit a PUCCH or PUSCH regardless of the LBT status of sensing beams not associated with the PUCCH or PUSCH.
Proposal 3: Support Proposal 5-5-5 and TP 5-5-4-B from R1-2205378.
Summary
In this contribution, we discussed the issues for beam management enhancements of NR in 52.6 – 71 GHz. From the discussions, we made the following observations and proposals: 
Observation 1: The simple extrapolation of the number of symbols required for antenna switching gap with SRS resource set transition will lead to 8 and 16 blanked symbols respectively for 480 and 960KHz SCS if we use the absolute time duration for low SCSs.
Observation 2: Supporting low values of antenna switching gap would bring efficient NR operation in 52-71GHz. 
Observation 3: For UE capability signaling for Rx and Tx beam switching time with/without scheduling restriction, further discussions are essential for the specification support. Especially, various corner cases should be considered for the scheduling restriction.
Observation 4: Given the limited discussion time in the maintenance phase, it is preferred to support a minimized and essential specification support.
Observation 5: Based on the reported value, beam switching time gap can be handled by gNB implementation. 
Proposal 1: Introduce a UE capability signaling to indicate one of [2, 8] for 480 kHz and [2, 16] for 960 kHz, where 8 and 16 are default values for 480 kHz and 960 kHz, respectively.
Proposal 2: Support Text proposal 1 to support one of [2, 8] for 480 kHz and [2, 16] for 960 kHz based on the proposed UE capability signaling.
Text proposal 1 (38.214)
	Reason for change: Support SRS antenna switching for SCS 480kHz and 960kHz
Summary of change: Add minimum guard period between two SRS resources of an SRS resource set for antenna switching for  and 
Consequence if not approved: The functionality of SRS antenna switching is not supported for SCS 480kHz and 960kHz
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 6.2.1.2-2 and Table 6.2.1.2-3 based on  and SRS antenna switching capability 1 and 2.
Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching for  and 
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2



Table 6.2.1.2-2: The minimum guard period between two SRS resources of an SRS resource set for antenna switching for  and  for SRS antenna switching capability 1
	
	
	Y [symbol]

	5
	480
	2

	6
	960
	2



Table 6.2.1.2-3: The minimum guard period between two SRS resources of an SRS resource set for antenna switching for  and  for SRS antenna switching capability 2
	
	
	Y [symbol]

	5
	480
	8

	6
	960
	16






Proposal 3: Support Proposal 5-5-5 and TP 5-5-4-B from R1-2205378.
Proposal 5-5-5 (new)
When independent per-beam LBT sensing is performed at UE, a transmission is allowed to occur on a beam if the corresponding LBT procedure for all the beams the transmission is intended for has been successful before the channel occupancy start time
· For one PUCCH or PUSCH transmission over multiple transmission beams, LBT for all the beams the PUCCH/PUSCH transmissions are intended shall be passed
· TP in 5-5-4-B (same as in Proposal 5-5-4)
Moderator note: The main bullet is the same as proposal 5-5-4. The sub-bullet is modified to cover not only sDCI UL mTRP transmission, but also sTRP transmission over multiple transmission beams.

TP 5-5-4-B
Reason for change: Support UL transmission over LBT passing sensing beams only, except sDCI UL mTRP case, where all composition beams need to pass LBT
Summary of change: Add description on what scenario the UL transmission in a subset of sensing beams is allowed
Consequence if not approved: The functionality not supported in the spec yet
===============TP for 37.213 17.1.0================================
4.4 Channel access procedures for frequency range 2-2
** Unchanged part omitted **
When the gNB intends to transmit a DL transmission(s) across multiple transmission beams, if the gNB performs sensing on the corresponding sensing beam(s) independently, the DL transmission(s) can occur on a transmission beam(s) among the multiple transmission beams if the channel access procedures on the corresponding sensing beam(s) have succeeded, and the channel occupancy would start at the same time across the multiple transmission beams.
When the UE intends to transmit UL transmissions across multiple transmission beams, if the UE performs sensing on the corresponding sensing beam(s) independently, the UL transmission(s) can occur on a transmission beam(s) among the multiple transmission beams if the channel access procedures on the corresponding sensing beam(s) have succeeded.
When the UE intends to transmit a PUCCH or PUSCH across multiple transmission beams, if the UE performs sensing on the corresponding sensing beam(s) independently, the PUCCH or PUSCH can occur on the multiple transmission beams if the channel access procedures on the multiple corresponding sensing beams have all succeeded.
** Unchanged part omitted **
=============End of TP==========================================
References
[1] [bookmark: _Ref521518965]“Final Report of 3GPP TSG RAN WG1 #106b-e”, 3GPP RAN1 Meeting #106b-e, e-Meeting, October 11th – 19th, 2021,
[2] “Final Report of 3GPP TSG RAN WG1 #108-e”, 3GPP RAN1 Meeting #108-e, e-Meeting, February 21st – March 3rd, 2022,
[3] 3GPP TS 38.214 (v16.2.0): “Physical layer procedures for data (Release 16)”,
[4] R1-2205378, “FL summary of Issues for channel access mechanism for 52.6GHz-71GHz band”.

image1.wmf
m


oleObject1.bin

image2.wmf
[kHz]

 

15

2

×

=

D

m

f


oleObject2.bin

oleObject3.bin

oleObject4.bin

oleObject5.bin

oleObject6.bin

