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1.	Introduction
In the contribution, we provide UL gap configuration and mapping details for the following aspects.
· UL Gap Configuration and Mapping to Physical UL Slots
· UL Resource Availability in FR2 UL Gap
· Impacts on RRM Requirements
2. 	Discussion
UL Gap Configuration and Mapping to Physical UL Slots
In the last RAN4 meeting, 4 UL gap patterns were agreed. According to the agreements, UL gap length shall be an integer multiple of UL slot length which is determined based on activated BWP’s SCS. However, due to the fact that NR UE can be configured with multiple BWPs per CC or across CCs, there can be an ambiguity in selecting and mapping UL gap pattern, for instance, when
· A reference SCS of TDD UL-DL configuration is different from UE active/configured UL BWP’s SCS
· UE is configured with multiple UL BWPs with different SCSs
· UE is configured with CA with different SCSs

First of all, when an activated BWP’s SCS on a serving cell where UL gap is configured and activated is 60kHz, UGL of ULGP#3 has to be extended by two times so that the gap can be mapped to one UL slot. In such a case, there can be two options in terms of whether UGRP needs to be extended too or not, which are Option-B and Option-A in Table 1. Considering that UL gap can be used by a separate module, UGRP adjustment according to active BWP which can be dynamically switched may require unnecessarily complicated integration between modules. To avoid that, we prefer Option-A to Option-B, although the same ratio between UGL and UGRP can be kept by Option-B.

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%

	
	Option-A: 60kHz
	0.25
	1
	5
	20
	5%

	
	Option-B: 60kHz
	0.25
	1
	10
	40
	2.5%





Proposal 1: When UGL is shorter than a slot length with respect to an activated UL BWP’s SCS on a serving cell where UL gap is configured and activated, the configured UGL and UGRP are adjusted. For ULGP#3, when an SCS of active BWP is 60kHz, UGL and UGRP are adjusted to Option-A in Table 1.

In the previous RAN4 meeting, one example of UL gap mapping pattern was presented, which can be found in Fig 1. As can be seen from Fig 1, depending on TDD UL-DL configuration, scheduling delay between PDSCH to HARQ-ACK (a.k.a. K1), ULGP pattern, etc, many DL slots can also be blanked which results in loss of DL T-put. For example, mapping patter 1 may result in timer-based BWP switching, DRX onDurationTimer expiration, drx-InactivityTimer expiration, timeAlignmentTimer expiration, etc
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Fig 1. Non-uniform UL gap mapping (Mapping pattern 1)

In Fig 2, another UL gap mapping patter (Mapping pattern 2) is presented for different K1 values. With the uniformly distributed mapping pattern, those unexpected issues can be avoided.
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Fig 2. Comparisons between non-uniform and uniform UL gap mapping patterns (Mapping pattern 1 vs. 2)

When there are multiple consecutive UL slots in one TDD DL-UL period, a selection of one slot between consecutive UL slots can be made based on slot level offset parameter which is going to be introduced by RAN2 as per RAN2 agreement made in the previous RAN2 meeting.
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Fig 3. Selection of one slot between consecutive UL slots

Proposal 2-1: UL gap slots are uniformly mapped to UL slots within ULGP based on RRC configured TDD-UL/DL-Config (tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated) and activated UL gap pattern.

Proposal 2-2: When there are multiple consecutive UL slots in one TDD DL-UL period, a selection of one slot between consecutive UL slots is made by a slot level offset parameter. The detailed signal design is up to RAN2.

UL Resource Availability in FR2 UL Gap
According to the agreements made in the previous RAN4 meeting (excerpted below), there can be multiple potential issues.

Agreements
· UE is not expected to be scheduled with UL transmission during the gap. Details FFS, e.g., RACH 
Agreements
· UL gap slot is static UL slot. UL gap slot applies same TA as other UL slots.

Potential issues:
· Once TA becomes invalid, e.g. due to timeAlignmentTimer expires, and if PRACH resources overlap with UL gap slots and/or relevant DL/UL channels, e.g. Msg2/4 or MsgA/B, overlap with UL gap and/or DL slots blanked due to UL gap, UE can neither use UL gap for any purposes nor re-obtain a valid TA.
· If all or parts of PRACH resources overlap with UL gap slots and/or relevant DL/UL channels, e.g. Msg2/4 or MsgA/B, overlap with UL gap and/or DL slots blanked due to UL gap, UE may not be able to recover link when UE runs into radio link issues such as Radio Link Failure, Beam Failure, etc.
· 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.

To resolve the potential issues, we propose the following.

Proposal 3-A: When TA becomes invalid, e.g. due to timeAlignmentTimer expires, and if PRACH resources overlap with UL gap slots and/or relevant DL/UL channels, e.g. Msg2/4 or MsgA/B, overlap with UL gap and/or DL slots blanked due to UL gap, the configured/activated UL gap gets temporarily deactivated until UE obtains a valid TA.
· Additionally, all subsequent UL transmissions related to TA update should be exceptionally allowed until UE obtains a valid TA and apply the obtained TA to UL transmission.
· The above principle is also applied when UE PRACH transmission is triggered by PDCCH from the serving cell.

Proposal 3-B: For radio link and beam failure recovery, UL transmissions during UL gaps are exceptionally allowed, i.e.
· UE is allowed to transmit PRACH or PUSCH/PUCCH on UL slots even within UL gap in response to RLF or BFD
· Additionally, all subsequent UL transmissions related to Link or Beam Recovery should be exceptionally allowed
· UL gap should be temporarily deactivated until UE recovers the link

Proposal 3-C: 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.

Impacts on RRM Requirements
For RRC based UL gap activation and deactivation, the activation and deactivate delays can be defined in the same manner as RRC based BWP switch delay.

Proposal 4: RRC based UL gap is (de-)activated RRC_processing delay plus a margin (e.g. 6ms for BWP) after the RRC (de-)configuration message reception.

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

There was an open issue about whether any conflict between SMTC/DL measurement gap and UL gap needs to be addressed. Based on our observation, we do not see such an issue.

Proposal 6: RAN4 to agree the following observations:
· No impact on SMTC and measurement gap configurations/activations due to configured and activated UL gap.
· No impact on UL gap requirements due to configured and activated measurement gap(s).
3.	Conclusion
UL Gap Configuration and Mapping to Physical UL Slots
Proposal 1: When UGL is shorter than a slot length with respect to an activated UL BWP’s SCS on a serving cell where UL gap is configured and activated, the configured UGL and UGRP are adjusted. For ULGP#3, when an SCS of active BWP is 60kHz, UGL and UGRP are adjusted to Option-A in Table 1.
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%

	
	Option-A: 60kHz
	0.25
	1
	5
	20
	5%

	
	Option-B: 60kHz
	0.25
	1
	10
	40
	2.5%



Proposal 2-1: UL gap slots are uniformly mapped to UL slots within ULGP based on RRC configured TDD-UL/DL-Config (tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated) and activated UL gap pattern.
Proposal 2-2: When there are multiple consecutive UL slots in one TDD DL-UL period, a selection of one slot between consecutive UL slots is made by a slot level offset parameter. The detailed signal design is up to RAN2.
UL Resource Availability in FR2 UL Gap
Proposal 3-A: When TA becomes invalid, e.g. due to timeAlignmentTimer expires, and if PRACH resources overlap with UL gap slots and/or relevant DL/UL channels, e.g. Msg2/4 or MsgA/B, overlap with UL gap and/or DL slots blanked due to UL gap, the configured/activated UL gap gets temporarily deactivated until UE obtains a valid TA.
· Additionally, all subsequent UL transmissions related to TA update should be exceptionally allowed until UE obtains a valid TA and apply the obtained TA to UL transmission.
· The above principle is also applied when UE PRACH transmission is triggered by PDCCH from the serving cell.
Proposal 3-B: For radio link and beam failure recovery, UL transmissions during UL gaps are exceptionally allowed, i.e.
· UE is allowed to transmit PRACH or PUSCH/PUCCH on UL slots even within UL gap in response to RLF or BFD
· Additionally, all subsequent UL transmissions related to Link or Beam Recovery should be exceptionally allowed
· UL gap should be temporarily deactivated until UE recovers the link
Proposal 3-C: 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.
Impacts on RRM Requirements
Proposal 4: RRC based UL gap is (de-)activated RRC_processing delay plus a margin (e.g. 6ms for BWP) after the RRC (de-)configuration message reception.
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
Proposal 6: RAN4 to agree the following observations:
· No impact on SMTC and measurement gap configurations/activations due to configured and activated UL gap.
· No impact on UL gap requirements due to configured and activated measurement gap(s).
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