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1	Introduction
In RAN 89e, new 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
· PA efficiency and power consumption
· Transceiver calibration due to temperature variation 
· UE Tx power management
· Other self-calibration and monitoring are not precluded
· 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.
 
Agreement in 98bis-e on UL gap for Tx power management is captured in the way forward [2].  
Agreements: Based on the discussions and inputs from interested companies, phase I related study for UE power/coverage enhancement with body proximity sensing can be completed and Phase II work can start from RAN4#99e. Based on WID, the scope of phase II include
· Only type 1 gap is considered (all UE RF requirements will apply)
· Specify the UL gap configuration(s) and requirements
· Gap overhead should be jointly decided with a good balance of the requirement gains obtained in terms of P-MPR reduction. 
· Specify related UE capability(ies) once requirements are clear
· FFS more details on how to design the capability(ies), including FFS on mutual signalling method using one-bit RRC flag from BS(s) and capability from UE(s) for the UL gap feature.
· Specify the related requirements and test case(s), to ensure that the performance gains are obtained from the introduction of UL gaps for proximity sensing
· The existing FR2 requirements won’t be impacted 


















In this paper, we further discuss potential the UL gap configurations.       
2	UL gap configuration for Tx power management   
As agreed in RAN4 98bis-e, one of the key topics of Phase II specification is to specify the UL gap configuration for the Tx power management use case. The UL gap for Tx power management is type 1 gap, where no UL scheduling is needed during the gap. The UL gap for Tx power management is network configured and UE specific gap. 

Gap pattern and configuration: 
To minimize network impact, the UL gap for Tx power management can be defined in unit of UL slot. The slot configured as UL gap should be self-contained, where all related RF switching time due to hardware sharing between cellular and BPS, and the sensing operation itself are contained within the configured sensing gaps. During the UL gap, UE is not expected to transmit in all FR2 CCs. However, PUCCH can still be transmitted in the special subframe to minimize network impact on DL traffic and reduce latency. 

The UL gap can be defined using gap periodicity, gap length, and offset. 
· Gap periodicity can be defined in unit of ms. The potential values of the periodicity include 20ms, 40ms, 80ms and 160ms.
· Gap length is in unit of continuous UL slots. The potential values of the length include 1 slot, 2 slots, 4 slots and 8 slots
· Offset is defined depending on the gap periodicity
· The gNB can configure the gap pattern to the UE through UE specific RRC signaling.  


An example of 40ms periodicity with gap length = 4 UL gap configuration in a DDDSU TDD configuration are shown in Fig 1(a), and an example with DDSUU configuration is shown in Fig 1(b). The unmarked slot is the UL gap for BPS sensing.  
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Fig. 1. Example UL gap configuration for (a) DDDSU (b) DDSUU configuration.


Proposal 1: UL gap is network configured UE specific type 1 gap. The network configures the UL gap through UE specific RRC signaling.  

Proposal 2: UL gap for Tx power management is defined in unit of UL slot based on 120KHz reference SCS.   

Proposal 3: UL gap configuration include gap periodicity, gap length, and offset. The potential values of the periodicity include 20ms, 40ms, 80ms and 160ms. The potential values of the length include 1 slot, 2 slots, 4 slots, 8 slots.

Gap triggering: 

As shown in [3], 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. For the cell center UEs, Tx power should be reduced with UL power control and the required P-MPR should be also small. When the benefit of P-MPR reduction is limited, UL gap should not be activated. Therefore, UL gap should be dynamically activated and deactivated depending on UE Tx power and UL duty cycle, or optional P-MPR report. 

Dynamic activation/de-activation can be signaled by MAC CE or DCI. The gNB can determine when to 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, etc.  

Alternatively, for the UE that supports the optional R16 P-MPR reporting, the gNB can activate the UL gap if the reported P-MPR is greater than 3dB.    

UL gap activation and de-activation can also be UE event triggering based. The related UE request can assist gNB to determine whether to activate or de-activate UL gap configuration.  

Proposal 4: Enable dynamic activation and de-activation of UL gap via either MAC CE or DCI. 

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

Proposal 1: UL gap is network configured UE specific type 1 gap. The network configures the UL gap through UE specific RRC signaling.  

Proposal 2: UL gap for Tx power management is defined in unit of UL slot defined by 120KHz reference SCS.   

Proposal 3: UL gap configuration include gap periodicity, gap length, and offset. The potential values of the periodicity include 20ms, 40ms, 80ms and 160ms. The potential values of the length include 1 slot, 2 slots, 4 slots, 8 slots.

Proposal 4: Enable dynamic activation and de-activation of UL gap via either MAC CE or DCI. 
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Example with DDSUU ULDL configuration











