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1	Introduction
In RAN 92e, 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.
 
Agreement in 100-e on UL gap for Tx power management is captured in the way forward [2].  
Agreement: Two approaches will be considered
· #1: UL gap should be explicitly configured and activated/deactivated directly by RRC signaling
· #2: UL gap should be explicitly configured by RRC and activated and deactivated by MAC CE
Agreement:
· The switching time should be included in gap period.
Agreement: 
· UL gap should be explicitly activated by NW via signaling 
· How can UE indicate the NW UL gap activation is needed?
· Option 1: UE explicitly indicates to NW by signaling
· Option 2: UE implicitly indicate to NW by P-MPR reporting. The exact P-MPR value is FFS. 
· Network can activate UL gap without the indication from UE
· UL gap should be explicitly deactivated by NW via signaling
· How can UE indicate the NW UL gap deactivation is needed?
· Option 1: UE explicitly indicates to NW by signaling
· Option 2: UE implicitly indicate to NW by [TBD] reporting. 
· Network can deactivate UL gap without the indication from UE.
· On how can UE indicate to the NW UL gap activation/de-activation is needed:   
· UL gap should be explicitly activated by NW via signaling 
· How can UE indicate to the NW UL gap activation is needed?
· If needed, UE explicitly indicates to NW by signaling
· UL gap should be explicitly deactivated by NW via signaling
· How can UE indicate to the NW UL gap deactivation is needed?
· If needed, UE explicitly indicates to NW by signaling



























It was also agreed to further down-select candidates in 101e. 
Further down-select candidates based on UL overhead, the ratio UGL and UGRP, of 5%, 2.5%, 1.25% and 0.625% and gain achieved in the RF requirements. 
· 5% Example configuration: UGL: 1ms, UGRP:20ms
· 2.5% Example configuration: UGL: 0.5ms, UGRP:20ms or UGL: 0.125ms, UGRP: 5ms 
· 1.25% Example configuration: UGL: 0.125ms, UGRP:10ms  
· 0.625% Example configuration: UGL: 0.125ms, UGRP:20ms or UGL: 1ms, UGRP: 160ms   










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

Gap configuration: 

In RAN4 100-e, various UL gap configuration candidates are listed. Different combination of gap periodicity and gap duration gives different tradeoff of gap overhead. Certain combinations give the same gap overhead, for example, 125us gap duration combined with 5ms periodicity has the same overhead as 500us with 20ms periodicity. 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. Different sensing gap configurations help support the diverse requirements of different UEs. For example, sensing measurement combining over distributed pattern can be enabled by 5ms periodicity with 125us gap duration, while combining over clustered sensing occasions can be enabled by 20ms periodicity with 500us gap duration, as shown in Fig. 1. 
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Fig 1. Example of gap patterns with different BPS implementation

Since the BPS is outside of 3GPP scope, it is recommended to keep the gap configuration flexible to accommodate different UE implementations. The UE can send to gNB the desired gap configuration based on its implementation.  

Proposal 1: UE reports the supported UL gap configurations through UE capability report. 

Proposal 2: Support 5% UL gap overhead with UGL= 1ms and UGRP = 20ms. 

Proposal 3: Support 2.5% UL gap overhead with UGL = 1ms, and ULRP = 40ms. 


UL Gap determination in dynamic TDD configuration

The UE determines the exact UL gap slot location in the dynamic TDD operation based on UL gap RRC configuration together with TDD slot structure configuration. NR specifies different levels of TDD configuration, including 
· tdd-UL-DL-ConfigurationCommon to specify cell level slot structure configuration
· tdd-UL-DL-ConfigurationDedicated to further specify UE specific slot structure 
· Group common DCI format 2-0 further configure some flexible symbols/slots
· Dynamic scheduling  

When a UE received the UL gap configuration, the UE first derives the start subframe of the UL gap periodicity using periodicity and offset, similar to DRX configuration where  
[(SFN * 10) + subframe number] mod (ULgap_periodicity) == gapOffset 

After the start of UL gap cycle is determined, based on the tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated, the UE determines the static UL slots. To simplify the design, UL gap slots are the continuous UL slots signaled by duration field at the beginning of the UL gap periodicity. Even though some of the flexible slots/symbols can be further dynamically configured to DL or UL or mixed DL/UL slot using group common DCI 2-0, those UL slots are not considered for UL gap slots to make design simple. 

An example is shown in Fig. 2 to illustrate the UL gap location as described above. In this example, UL Gap periodicity is 20ms, offset 10, gap duration is 1ms, ULDL configuration is DFSUU where S slot has mixed of flexible symbols and UL symbols, D is DL slot, U is UL slot, and F is flexible slot, subcarrier spacing is 120KHz and slot duration is 125us.  
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Fig. 2 Example of UL gap location in dynamic TDD configuration.
 

The FR2 UL gap should not impact any transmission/reception in FR1. UE is expected to have separate RF and baseline processing for FR1 and FR2, i.e. support per-FR measurement gap capability.    

Once the UL gap is configured, and activated, the UE will perform BPS sensing in the UL slot. Network should not schedule dynamic UL transmission during the gap slot in any of the FR2 cells, and all periodic and semi-persistent UL transmission in the UL gap slots are dropped.     

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 the UE uses the UL slots within the configurated measurement gap. We do not expect any impact on measurement gap configuration or requirement.   

Proposal 4: UL gap location is determined by UL gap configuration and tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated.    

Proposal 5: UE is not expected to transmit periodic/semi-persist/dynamic scheduled UL transmission in the UL gap slots in FR2 cells when UL gap is activated.   

Proposal 6: No impact on measurement gap configuration and requirement due to UL gap.     

Proposal 7: UE support FR2 UL gap must support per-FR measurement gap capability.  

UE explicit indicate via UAI: 

In 100e, it has been agreed that the UE can explicitly indicate to NW when activation/de-activation is needed by signaling. The signaling method has not been decided. It was also agreed that the two modes of activation/de-activation are considered: 
· #1: UL gap should be explicitly configured and activated/deactivated directly by RRC signaling
· #2: UL gap should be explicitly configured by RRC and activated and deactivated by MAC CE

In current NR specification, UE assisted information can be configured by the network using RRC reconfiguration including otherConfig. Under the UAI framework, once the UE received the RRC reconfiguration message including otherConfig, the UE can send UAI to indicate the preferred gap pattern, and activation/de-activation request after the network configured prohibit timer expires. Since BPS implementation is the UE implementation choice, the UE can use the UE assisted information framework to let the network know which UL gap pattern UE is preferred, and when it should be activated/de-activated. 
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UE assistance information in 38.331

· In mode #1 where UL gap is configured and activated/deactivated directly by RRC signaling, the UAI can be sent to trigger RRC configuration and activation. The network can use this information to determine the UL gap configuration to be activated when receiving the UAI. The UE can send the UAI to request explicit de-activation/de-configuration of UL gap when needed. 
· In mode #2, where UL gap is configured by RRC and activated/deactivated by MAC CE, the UAI can be sent before the UL gap configuration to indicate UE preferred UL gap pattern, and further sent after RRC configuration to indicate the activation/de-activation request.    
 
Proposal 8: If needed, UE explicitly indicates to the network on activation/detection request via UAI.   
3	Summary
This contribution has provided our views on UL gap configuration from RRM perspective. Our proposals are as follows:     

Proposal 1: UE reports the supported UL gap configurations through UE capability report. 

Proposal 2: Support 5% UL gap overhead with UGL= 1ms and UGRP = 20ms. 

Proposal 3: Support 2.5% UL gap overhead with UGL = 1ms, and ULRP = 40ms. 

Proposal 4: UL gap location is determined by UL gap configuration and tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated.    

Proposal 5: UE is not expected to transmit periodic/semi-persist/dynamic scheduled UL transmission in the UL gap slots in FR2 cells when UL gap is activated.   

Proposal 6: No impact on measurement gap configuration and requirement due to UL gap.     

Proposal 7: UE support FR2 UL gap must support per-FR measurement gap capability.  

Proposal 8: If needed, UE explicitly indicates to the network on activation/detection request via UAI.   
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