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1	Introduction
In RAN 94e, revised WID on NR RF enhancements for FR2 is approved [1]. The purpose of this WI is to specify related FR2 UE features and associated requirements, including

· UL gaps for self-calibration and monitoring: [RAN4 RF/RRM, RAN2] Study and, if feasible, introduce UE specific and NW configured gap for general self-calibration and monitoring purposes including
· UE Tx power management
· Other self-calibration and monitoring are not precluded
· Coherent uplink MIMO
· Phase 1: Study and clearly identify the performance gain over the current baseline (Rel.16 requirements) Study of RF performance evaluation/testability related to UE self-calibration and monitoring. Study network impact of UE emissions during UL gap, if any.
· Phase 2: Specify the UL gap configuration(s), related UE capability and interruptions, if needed, based on the identified performance gain in Phase 1 and UE fall back behavior i.e. if gaps are not available for UE requesting gaps.
· Note: The work of FR2 UL gaps includes (NG) EN-DC, NE-DC, NR-DC and SA. FR2 UL gap operation shall have no impacts to eNB operation or LTE RRC.
 

In this paper, we further discuss RRM related aspect related to the UL gap configurations.       
2	UL gap configuration for Tx power management   

In RAN4 101-e, it was agreed that 4 UL gap configurations are introduced. 
Agreements:
· In R17, the following 4 gap configurations are introduced
· The same requirements should be specified for all gap configurations
· UGL indicates the number of consecutive static UL slots configured as UL gap per UGRP

 
UGL [ms] 
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UGL/UGRP 
ULGP #0 
1.0 
20 
5% 
ULGP #1 
1.0 
40 
2.5% 
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0.5 
160 
~0.31% 
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5
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The optionality of each UL gap configuration is still open. Different gap patterns are meant to support different BPS implementations. Typically, the body proximity sensor combines sensing measurements from various gaps to improve target detection performance. In one example, sensing measurement cam be combined over distributed pattern using ULGP #3, with 5ms periodicity with 125us gap duration. In another example, sensing measurement can combine over clustered sensing occasions can be enabled by UGRP #1, with 40ms periodicity with 1ms gap duration. The BPS implementation optimized for the cluster sensing occasion will perform badly when the distributed UL gap is configured. And it is not realistic to request UE to optimize for each UL gap configuration due to complexity and memory requirement. Therefore, we propose all UL gap configurations are optional and UE reports UE capability which UL gap configurations are supported.  

Proposal 1: All UL gap configurations are optional.  

Proposal 2: UE reports the supported UL gap configurations through UE capability report. 

Another main open is the relationship between UL gap and measurement gap. In our view, the UL gap configuration is independent of measurement gap configuration in FR2. When measurement gap is configured, it is up to UE’s implementation whether and how to use the UL slots within the configurated measurement gap. We do not expect any impact on measurement gap configuration or requirement.  

Proposal 3: No impact on measurement gap configuration and requirement due to UL gap
 
Once the UL gap is configured, and activated, the UE will perform BPS sensing in the UL slot. UE is not expected to be scheduled with UL transmission during the gap, FFS RACH. When radio link failure or beam failure is detected, RACH should be able to transmit as soon as possible for link recovery. No specific test cases are needed to verify RACH transmission during UL gap, similar to measurement gap.  

Proposal 4: UE should be able to transmit RACH in UL the UL gap slots in FR2 cells when UL gap is activated. No specific test cases are needed to verify RACH transmission during UL gap.    

The most beneficial scenario of the UL gap for Tx power management is for cell edge UE with high Tx power and relatively high UL duty cycle. When the benefit of P-MPR reduction is limited, UL gap should be de-activated, to avoid overall throughput loss due to UL gap overhead. For example, for the cell center UEs, Tx power is limited due to UL power control mechanism, and the required P-MPR is small. In this case, the UL gap should be de-activated, otherwise the cell center UE will loss UE peak throughput due to UL gap overhead. Another example is when UE has limited UL data to send, in this case, the UL duty cycle is small and P-MPR is low as well. UL gap should be de-activated to the UE as well. On the other hand, when UE moves to cell edge, or UE suddenly has large number of UL traffic to send, the UL gap should be activated fast enough for performance enhancement. 

Proposal 5: Enable dynamic activation and de-activation of UL gap via either MAC CE  


In general, the network can activate/de-activate the UL gap configuration for the UE based on information such as whether UE is in cell edge with L1/L3 RSRP and/or L1/L3 RSRQ report, and/or whether the expected UL duty cycle is high with UE buffer status report, and the reported P-MPR in power headroom report. However, the network does not know the UE peak EIRP, and in some scenario can be difficult to decide whether to activate or de-activate the UL gap. For example, when UL gap is activated and the reported P-MPR is zero, the network does not know whether this is due to no target detected nearby the antenna panel, and whether the UL gap should be de-activated or not. Therefore it is beneficial to enable UE explicit request of need for UL gap or no need for UL gap. It is up to network decision to activate/de-activate the UL gap based on UE indication.   

Proposal 6: Follow the WF agreement to enable UE explicit indication to NW on “need for UL gap” and “no need for UL gap” 


3	Discussion on R2 reply LS 
In [3], RAN2 asked RAN4 a set of questions. Some of the questions are already address in [4], and remaining questions are discussed in detail below. 

Q1: Is there any dependency between FR2 UL gap and the legacy per UE, FR1, FR2 measurement gap?
A: as agreed in R4-2119962, FR2 UL gap does not cause FR1 interruption. Furthermore, there is no dependency between FR2 UL gap and the legacy per UE, per-FR measurement gap.  

Q2: Are MR-DC/NR-DC deployment scenarios included in this WI (NR_RF_FR2_req_enh2)? If NR-DC is supported, should the FR2-FR2 band combination be considered in the FR2 UL gap design?
A: Yes, MR-DC/NR-DC deployment scenarios are supported based on the updated WID [1].  
 
Q2-1: When FR2 UL gap is activated, does it apply to all the FR2 serving cell(s) inside or across the NR CG configured with FR2 bands? 
A: Yes. The FR2 UL gap applies to a) all the FR2 serving cell(s) inside and b) across the NR CG configured with FR2 bands 

Q2-2: Does UL gap pattern also apply to the case when both FR1 and FR2 are configured inside or across the NR CG, and whether or not the UL transmissions in FR1 serving cell(s) are impacted by the FR2 UL gap? 
A: No impact on FR1.  

Q3: For FR2 UL gap timing reference configuration, whether the SFN/subframe of a FR2 serving cell or a FR1 serving cell (e.g., PCell, PSCell) can be used as timing reference for FR2 UL gap? 
A: FR2 UL gap does not impact FR1 operation. Unlike measurement gap, no FR1 and FR2 co-ordination is needed. To simplify the design, FR2 serving cell can be used as timing reference.  

Q4: Regarding the FR2 UL gap parameters ugl and ugrp, RAN4 is requested to provide the detailed values and time unit.
A: Gap pattern is described in in R4-2120058. The following 4 gap configurations are introduced. UGL indicates the number of consecutive static UL slots configured as UL gap per UGRP.

	 
	UGL [ms] 
	UGRP [ms] 
	UGL/UGRP 

	ULGP #0 
	1.0 
	20 
	5% 

	ULGP #1 
	1.0 
	40 
	2.5% 

	ULGP #2 
	0.5 
	160 
	~0.31% 

	ULGP #3
	0.125
	5
	2.5%




Q5: In RAN2 discussion, it has been brought up that from signaling point of view it is possible that UE provides its preferred FR2 UL gap patterns. Please RAN4 indicates whether it is beneficial for proper network configurations. 
A: If all gap configurations are optional and UE can indicate the supported gap pattern though UE capability, then there is no need for the UE to provide a preferred FR2 UL gap pattern.  

Q6: Regarding UE capability, most companies in RAN2 thought that UE supporting Rel-17 FR2 UL gap shall also support Rel-16 MPE reporting. RAN2 would like to understand if this is also the RAN4 understanding?
A: Yes as agreed in R4-2119962. 

   
3	Summary
This contribution has provided our views on UL gap configuration from RRM perspective. Our proposals are as follows:     

Proposal 1: All UL gap configurations are optional.  

Proposal 2: UE reports the supported UL gap configurations through UE capability report. 

Proposal 3: No impact on measurement gap configuration and requirement due to UL gap

Proposal 4: UE should be able to transmit RACH in UL the UL gap slots in FR2 cells when UL gap is activated. No specific test cases are needed to verify RACH transmission during UL gap.    

Proposal 5: Enable dynamic activation and de-activation of UL gap via either MAC CE  

Proposal 6: Follow the WF agreement to enable UE explicit indication to NW on “need for UL gap” and “no need for UL gap” 
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