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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 99-e on UL gap for Tx power management is captured in the way forward [2].  
· The baseline assumption for UL gap related configurations:
· UL gap is configured by NW via RRC signaling. Once UL gap is configured, it can be additionally activated or deactivated.
· It is up to network decision on whether to configure UL gap or not.
· It is FFS that the configured UL gap(s) can be activated/deactivated via MAC CE and/or DCI
· Gap configuration candidates:
· Candidates for gap periodicity: 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms 
· Candidates for gap duration: 62.5us, 125us, 250us, 500us, 1000us, 
· Implicit activation to minimizing signaling, e.g., depending on PHR report.














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 99-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 configurations. 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 requirements. 

Proposal 1: Gap configuration should be flexible to support different BPS implementations. 

Proposal 2: UE report the supported UL gap configuration through UE capability report. 
 
In previous meetings, up to 5% maximum overhead has been discussed and evaluated. However, in case of extreme temperature fluctuation, longer gap overhead is needed to improve accuracy. Up to 6.25% of maximum overhead can be considered, which corresponding to 10 UL slots in 20ms periodicity, with 120KHz numerology. Following the analysis in [3], using link level simulation with QPSK, the network impact is shown as Table I.  

Table 1. QPSK throughput gain analysis (%) based on different Tx power gain and gap overhead, for DDDSU configuration 

	Gap overhead
	0.625%
	1.25%
	1.875%
	2.5%
	3.125%
	3.75%
	4.375%
	5%
	5.625%
	6.25%

	3dB Tx power gain
	56.10%
	51.06%
	46.03%
	40.99%
	35.96%
	30.92%
	25.89%
	20.85%
	15.82%
	10.78%

	4dB Tx power gain
	88.22%
	82.14%
	76.07%
	70.00%
	63.93%
	57.86%
	51.79%
	45.72%
	39.64%
	33.57%

	5dB Tx power gain
	126.03%
	118.74%
	111.44%
	104.15%
	96.86%
	89.57%
	82.28%
	74.99%
	67.70%
	60.41%

	6dB Tx power gain
	200.29%
	190.61%
	180.92%
	171.23%
	161.55%
	151.86%
	142.17%
	132.49%
	122.80%
	113.11%




Proposal 3: Consider maximum of 6.25% UL gap overhead. 


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 1000us, 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.
 

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, and all periodic and semi-persistent UL transmission in the UL gap slots are dropped.     

Proposal 4: UL gap location is determined by UL gap configuration and tdd-UL-DL-ConfiguraitonCommon 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 when UL gap is activated.   

Gap triggering: 

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. 

In RAN4 99e, it was agreed that 
· UL gap is configured by NW via RRC signaling. Once UL gap is configured, it can be additionally activated or deactivated.
· It is up to network decision on whether to configure UL gap or not.
· It is FFS that the configured UL gap(s) can be activated/deactivated via MAC CE and/or DCI
· Implicit activation to minimize signaling, e.g., depending on PHR report. Specifically, in instances where P-MPR is reported via the “mpe-Reporting-FR2” field in the case of Release 16.

When explicit activation and de-activation is used, MAC CE or DCI need to be defined to carry the activation/de-activation message.
· If MAC CE is used to activate/de-activate the UL gap, one fixed size DL MAC CE needs to be defined. The UL gap is activated/de-activated after the 3ms MAC CE processing time. 
· If DCI is used, one additional bit can be added to UL scheduling DCI format 0-1. When the bit is set to 1, UL gap is activated, when the bit is set to 0, UL gap is de-activated. The UL gap is activated after DCI decoding is successful.  
It is up to the network’s decision to determine whether UL gap should be activated or de-activated. The network can rely on existing reports such as PHR, L3-RSRP, L3-RSRQ and/or BSR report.  
   
When implicit activation and de-activation is used, the UE and the network needs to have a mutual understanding based on certain pre-defined criterions. 
· For implicit activation, the criterion can be P-MPR is reported in the PHR report. Based on current specification, P-MPR is reported only when a value of at least 3 dB is applied. When UE reports > 3dB P-MPR, the UL gap is implicitly activated after PHR is transmitted.  
· For implicit de-activation, the P-MPR in PHR cannot be used as the deactivation criterion, since P-MPR=0 can be a result of BPS sensing and no target is nearby. Potential criteria for implicit de-activation include the following: L3-RSRP is greater than a configured threshold, BSR is less than a configured threshold or power head room value is larger than a configured threshold. Since the deactivation criterion is not as straightforward, UE initiated de-activation may be the simplest way to go with.   

 

Proposal 6: Enable implicit activation based on P-MPR value in PHR. 

Proposal 7: Enable implicit de-activation based on UE de-activation request.  

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

Proposal 1: Gap configuration should be flexible to support different BPS implementations. 

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

Proposal 3: Consider maximum of 6.25% UL gap overhead. 

Proposal 4: UL gap location is determined by UL gap configuration and tdd-UL-DL-ConfiguraitonCommon 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 when UL gap is activated.   

Proposal 6: Enable implicit activation based on P-MPR value in PHR. 

Proposal 7: Enable implicit de-activation based on UE de-activation request.  
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