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1.	Introduction
In the contribution, we provide UL gap configuration and mapping details for the following aspects.
· Procedures to be prioritized over UL gap
· Mandatory vs. Optional UL Gap Patterns
· Impacts on RRM Requirements
2. 	Discussion
Procedures to be prioritized over UL gap
Agreements
· All the RACH procedure should be prioritized
· FFS for other procedure

It was agreed to allow UL transmission related to RACH procedure on UL gap slots. As there can be multiple causes that trigger PRACH and depending on the cause the definition of RACH procedure can be different, we believe it would be better to specify the causes.

Proposal 1: RAN4 to further clarify the agreement “all the RACH procedure should be prioritized” as below:
· When RACH procedure is triggered for TA recovery, e.g. timeAlignmentTimer expires, the configured/activated UL gap gets temporarily deactivated until UE obtains a valid TA, i.e. all subsequent UL transmissions related to TA update should be exceptionally allowed.
· The above principle is also applied when UE PRACH transmission is triggered by PDCCH from the serving cell.
· When RACH procedure is triggered due to radio link and beam failure recovery, the configured/activated UL gap gets temporarily deactivated until the cause of RACH procedure is resolved, i.e. all subsequent UL transmissions related to Link or Beam Recovery should be exceptionally allowed.

When UL gap is configured/activated, it will be difficult for NW to configure CG-PUSCH without any collision between UL gap and CG-PUSCH. Thus, we believe it will be better to leave it to UE implementation whether to skip or transmit PUSCH on configured and activated CG-PUSCH which is the same as the current RAN1/2 spec when part of the CG-PUSCH resources overlap with the configured and activated UL gap slots.

Proposal 2: For CG-PUSCH (type1 and type2), UL transmissions during UL gaps are exceptionally allowed, i.e.
· UE is allowed to transmit CG-PUSCH on UL slots even within UL gap, i.e. whether to skip or transmit PUSCH on configured and activated CG-PUSCH should be left to UE implementation which is the same as the current RAN1/2 spec.

Mandatory vs. Optional UL Gap Patterns

Table 1. UL gap patterns for different numerologies
	ULGP
	SCS of active BWP
	UGL
	UGRP
	UGL/UGRP

	
	
	ms
	#slots
	ms
	#slots
	

	ULGP #0
	120kHz
	1
	8
	20
	160
	5%

	
	60kHz
	1
	4
	20
	80
	5%

	ULGP #1
	120kHz
	1
	8
	40
	320
	2.5%

	
	60kHz
	1
	4
	40
	160
	2.5%

	ULGP #2
	120kHz
	0.5
	4
	160
	1280
	~0.31%

	
	60kHz
	0.5
	2
	160
	640
	~0.31%

	ULGP #3
	120kHz
	0.125
	1
	5
	40
	2.5%

	
	60kHz
	0.25
	1
	5
	20
	5%





There can be two different UL gap mapping patterns for a given ULGP as shown in Figure 1. One is so-called ‘Concentrated UL gap mapping pattern’ and the other is ‘Uniformly distributed UL gap mapping pattern’. As compared in Figure 1, the second mapping pattern is superior in DL throughput. However, as the primary purpose of configuring/activating UL gap is for UE MPE and the achievable gain in terms of MPE between the two patterns can be different for different UE implementations, there shall be flexibility on UE selecting/reporting the gap pattern.

[image: ]
Fig 1. Comparisons between Concentrated UL gap mapping pattern and Uniformly distributed UL gap mapping pattern for ULGP#1

Proposal 3: At least for ULGP#0 and #1, UE should be allowed to select and report a preferred UL gap mapping pattern between ‘Concentrated UL gap mapping pattern’ and ‘Uniformly distributed UL gap mapping patter’.

Another important discussion carried out was about whether and which ULGP should be mandatory. From UE perspective, all ULGP shall be optional because whether and how much gain UE can get out of each pattern is really dependent on UE implementation. On the flip side, there was also an argument about NW scheduling complexity if all patterns have to be supported by NW which we agree is also an important aspect that needs to be taken into account as well. There were companies who want to select ULGP#0 and #1 as mandatory UL gap patterns because it makes NW scheduling implementation easier in terms of scheduling restriction because scheduling will be anyway avoided when UL Gap completely lies within DL Measurement Gap. To further look into whether it is always the case, we provide case studies.
In the case study, we considered DL Measurement Gap #13 which is one of mandatory DL Measurement Gap patterns that includes 64 SSB IDs. For an easier analysis, a diagram, comparing ULGP#0, #1, and #3 when MGP#13 is configured, is presented in Figure 2. Note that a frame boundary misalignment (including half frame, subframe and slot boundary alignment) across cells on the same frequency carrier in FR2 is within a tolerance not worse than min(2 SSB symbols, 1 PDSCH symbol), which in turn means SSBs cross FR2 cells are aligned in the time domain in a slot level. Therefore, we can see that there are always 8 slots within the DL Measurement Gap where UE doesn’t even have to receive and transmit signals. Which in turn means those 8 slots can be used as an implicit UL Gap for MPE. With this observation, we don’t really think ULGP#1 needs to be included in a set of mandatory UL Gap patterns.
And from UE performance perspective in terms of MPE, when an opportunity of UL autonomous sensing is less frequent or irregular, there can be a certain degree of the performance degradation. Therefore, we want to see one slot UL gap every 40 slots for UE sensing, and the ULGP#3 is the only pattern that is regular irrespective of TDD UL-DL pattern.
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Fig 2. A case study comparing ULGP#0, ULGP#1, and ULGP#3 when DL measurement gap #13 is configured

Proposal 4: All UL gap configurations are optional, and UE reports supported UL gap configurations via UE capability report.

Impacts on RRM Requirements
As UE is supposed to skip UL transmission except for particular cases as proposed in the previous proposals, the following legacy requirements may be impacted by UL gap:
· Interruption requirements which rely on ACK/NACK on UL
· Latency requirements in which UL is supposed to transmit UL

However, if those requirements are adjusted due to UL gap, the requirements may be relaxed too much. To avoid this, we propose to add an applicability rule to those requirements.

Proposal 5: RAN4 to add a requirement applicability rule, to the following legacy requirements, that, e.g. the requirements are applicable when UL gaps, if configured and activated, do not overlap with UL feedback channels:
· Interruption requirements which rely on ACK/NACK on UL
· Latency requirements in which UL is supposed to transmit UL

3.	Conclusion
Observations and Proposals are summarized below:
Procedures to be prioritized over UL gap
Proposal 1: RAN4 to further clarify the agreement “all the RACH procedure should be prioritized” as below:
· When RACH procedure is triggered for TA recovery, e.g. timeAlignmentTimer expires, the configured/activated UL gap gets temporarily deactivated until UE obtains a valid TA, i.e. all subsequent UL transmissions related to TA update should be exceptionally allowed.
· The above principle is also applied when UE PRACH transmission is triggered by PDCCH from the serving cell.
· When RACH procedure is triggered due to radio link and beam failure recovery, the configured/activated UL gap gets temporarily deactivated until the cause of RACH procedure is resolved, i.e. all subsequent UL transmissions related to Link or Beam Recovery should be exceptionally allowed.
Proposal 2: For CG-PUSCH (type1 and type2), UL transmissions during UL gaps are exceptionally allowed, i.e.
· UE is allowed to transmit CG-PUSCH on UL slots even within UL gap, i.e. whether to skip or transmit PUSCH on configured and activated CG-PUSCH should be left to UE implementation which is the same as the current RAN1/2 spec.

Mandatory vs. Optional UL Gap Patterns
Proposal 3: At least for ULGP#0 and #1, UE should be allowed to select and report a preferred UL gap mapping pattern between ‘Concentrated UL gap mapping pattern’ and ‘Uniformly distributed UL gap mapping patter’.
Proposal 4: All UL gap configurations are optional, and UE reports supported UL gap configurations via UE capability report.

Impacts on RRM Requirements
Proposal 5: RAN4 to add a requirement applicability rule, to the following legacy requirements, that, e.g. the requirements are applicable when UL gaps, if configured and activated, do not overlap with UL feedback channels:
· Interruption requirements which rely on ACK/NACK on UL
· Latency requirements in which UL is supposed to transmit UL

image1.png
' 20ms (160slots wrt 120kHz SCS) '

i \
T st 2nd 3rd 4th Sth 6th 7th sth oth 10th 28th 29th 30th 31st 32nd | 33rd 34th
1 10slots 10slots. 10slots. 10slots. 10slots. 10slots. 10slots. 10slots. 10slots. 10slots. 10slots. 10slots. 10slots. 10slots. 10slots | 10slots 10slots.

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
> >y ) > B > ) > B el >y ) B > B &l
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '

TDD UL/DL Config
of ‘DDDSU’
from FR2.120-1

Reference frame boundary with configured
ULgap offset, length, and periodicity

ULGP#1
Mapping pattern 1
withK1upto9

Concentrated UL gap mapping pattern

ULGPH#1
Mapping pattern 2
withK1upto9

Uniformly distributed UL gap mapping patter




image2.png
slots not available
for data/control Rx/Tx

IDLS\ot ISpecTa\s\ot I UL slot I UL gap slot

40ms (320slots)

H 20ms (160slots) N 20ms (160slots) H
I , 5
1 st 2nd 3rd 4th Sth ' H
| 10slots 10slots 10slots 10slots |, 10slots \ . ! ' ' ' ' ' ' ' I
5 > ol I I H I I I I I I I '

oDsU’ | h | | H | | | | | | |
1 1 1 1 1 1 1 1 1 1 1 !
< > 1 1 1 1 ! [l [l [l 1 1 1 1 !

ULGP#0 I -

| | e
|
| R
I
| | A

'
H Sms (40 slots)
I

ULGP#1

ULGP#3

558 burst SSB burst (5ms)

|
Slots with m

2SSBs -

SSB OFDM
symbols






3GPP TSG


-


RAN WG4 Meeting #


 


102


-


e


 


R4


-


2203862


 


Electronic Meeting, February 21 


–


 


March 3, 2022


 


Agenda Item:


 


10


.4.


6


.


3


 


Source: 


 


 


Qualcomm Incorporated


 


Title: 


 


 


 


UL gaps for self


-


calibration and monitoring


 


Document for:


 


Discussion


 


1.


 


Introduction


 


In the contribution, 


we provide 


UL gap configuration and mapping details for the following aspects.


 


·


 


Procedures to be prioritized over UL gap


 


·


 


Mandatory vs. Optional UL Gap Patterns


 


·


 


Impacts on RRM Requirements


 


2. 


 


Discussion


 


Procedures to be 


prioritized over UL gap


 


Agreements


 


•


 


All the RACH procedure should be prioritized


 


•


 


FFS for other procedure


 


 


I


t was agreed to allow UL transmission related to RACH procedure on UL gap slots. 


As there can be multiple causes 


that trigger PRACH and depending on t


he cause 


the definition of RACH procedure can be different, we believe it would 


be better to specify the causes.


 


 


Proposal


 


1


: 


RAN4 to further clarify the agreement “all the RACH procedure should be prioritized” as below:


 


•


 


When 


RACH procedure is triggered 


for 


TA recovery, e.g. 


timeAlignmentTimer expires


, 


the 


configured/activated UL gap gets temporarily deactivated until UE obtains a valid TA


, i.e.


 


all subsequent UL 


transmissions related to TA update should be exceptionally allowe


d


.


 


?


 


The above principle is also applied when UE PRACH transmission is triggered by PDCCH from the 


serving cell.


 


•


 


When RACH procedure is 


triggered due to 


radio link 


and


 


beam failure recovery


, 


the configured/activated UL 


gap gets temporarily deactivated until 


the 


cause of RACH procedure is resolved, i.e.


 


all subsequent UL 


transmissions related to Link or Beam Recovery should be exceptionally allowed


.


 


 


When UL gap is configured/activated, it will be difficult for NW to configure CG


-


PUSCH without any collision 


be


tween UL gap and CG


-


PUSCH.


 


Thus, we believe it will be better to leave it to UE implementation 


whether to skip or 


transmit PUSCH on configured and activated CG


-


PUSCH which is the same as the current RAN1/2 spec


 


when part of 


the CG


-


PUSCH resources 


overlap with the configured and activated UL gap slots.


 


 


Proposal


 


2


:


 


For CG


-


PUSCH (type1 and type2)


,


 


UL 


t


ransmissions during UL 


g


aps


 


are exceptionally allowed, i.e.


 


•


 


UE is allowed to transmit CG


-


PUSCH on UL slots even within UL gap


, i.e. 


whether to skip or 


transmit 


PUSCH on configured and activated CG


-


PUSCH should be left to UE implementation which is the same 


as the current RAN1/2 spec.


 




3GPP TSG - RAN WG4 Meeting #   102 - e   R4 - 2203862   Electronic Meeting, February 21  –   March 3, 2022   Agenda Item:   10 .4. 6 . 3   Source:      Qualcomm Incorporated   Title:        UL gaps for self - calibration and monitoring   Document for:   Discussion   1.   Introduction   In the contribution,  we provide  UL gap configuration and mapping details for the following aspects.      Procedures to be prioritized over UL gap      Mandatory vs. Optional UL Gap Patterns      Impacts on RRM Requirements   2.    Discussion   Procedures to be  prioritized over UL gap   Agreements   •   All the RACH procedure should be prioritized   •   FFS for other procedure     I t was agreed to allow UL transmission related to RACH procedure on UL gap slots.  As there can be multiple causes  that trigger PRACH and depending on t he cause  the definition of RACH procedure can be different, we believe it would  be better to specify the causes.     Proposal   1 :  RAN4 to further clarify the agreement “all the RACH procedure should be prioritized” as below:   •   When  RACH procedure is triggered  for  TA recovery, e.g.  timeAlignmentTimer expires ,  the  configured/activated UL gap gets temporarily deactivated until UE obtains a valid TA , i.e.   all subsequent UL  transmissions related to TA update should be exceptionally allowe d .   ?   The above principle is also applied when UE PRACH transmission is triggered by PDCCH from the  serving cell.   •   When RACH procedure is  triggered due to  radio link  and   beam failure recovery ,  the configured/activated UL  gap gets temporarily deactivated until  the  cause of RACH procedure is resolved, i.e.   all subsequent UL  transmissions related to Link or Beam Recovery should be exceptionally allowed .     When UL gap is configured/activated, it will be difficult for NW to configure CG - PUSCH without any collision  be tween UL gap and CG - PUSCH.   Thus, we believe it will be better to leave it to UE implementation  whether to skip or  transmit PUSCH on configured and activated CG - PUSCH which is the same as the current RAN1/2 spec   when part of  the CG - PUSCH resources  overlap with the configured and activated UL gap slots.     Proposal   2 :   For CG - PUSCH (type1 and type2) ,   UL  t ransmissions during UL  g aps   are exceptionally allowed, i.e.   •   UE is allowed to transmit CG - PUSCH on UL slots even within UL gap , i.e.  whether to skip or  transmit  PUSCH on configured and activated CG - PUSCH should be left to UE implementation which is the same  as the current RAN1/2 spec.  

