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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.

Majority of agreements are reached in 102-e on RF requirement [2]. In this paper, we discuss the remaining issues on RF aspect.    

2	Discussion   

The first open issue is related UE capability. 
Agreement: 
Introduce the UE capability for inter-band UL CA on whether UL transmission in different FR2 within gap is feasible when UL gap is activated.
i. For CBM, the capability is per band per band combination
ii. [For IBM, the capability is per band per band combination.]








The UE capability structure has been described in [3]. Whether UE can continue UL transmission in different FR2 bands during configured gap depends on UE RF architecture and Body proximity sensing implementation. If independent RF architecture is used in different FR2 bands, to support sensing and UL transmission, then it might be possible that the UE only stops UL transmission in the FR2 band configured with UL gap. However, if RF components are shared across different FR2 bands, and if UL gap is configured and activated for a band, then all active FR2 UL CCs will be impacted. This can happen independent of whether the active FR2 UL CC in a band supports UL gap capability or not. 

For example, assume separate RF architecture is used for 28GHz and 39GHz band for NR UL transmission, and only the 28GHz band is configured with UL gap for BPS. In this case, when UL gap is configured and activated in 28GHz, UE is not required to transmit UL transmission during gap slot in all the CCs in 28GHz band but can still transmit UL transmission during the gap slot in the CCs in 39GHz band.  

In case UE supports three FR2 bands, for example, 28GHz, 39GHz and 48GHz, where 28GHz has separate RF architecture but 39GHz and 48GHz bands use same RF architecture. In this case, if UL gap is configured and activated in 39GHz band, then UE is not expected to transmit UL transmission during the UL gap slots in all the CCs of both 39GHz and 48GHz bands. The UE can continue to transmit UL transmission during the gap slot in the CCs in 28GHz band.  

To accommodate different RF implementations, a separate per band per band combination UE capability can be introduced to indicate whether the UE will stop UL transmission in all FR2 bands, or just corresponding bands as indicated.

Furthermore, it is also noted that both CBM and IBM are per BC (band combination) capabilities. Therefore, the only viable option is to specify the UE capability for inter-band UL CA on whether UL transmission in different FR2 bands, during configured UL gap is feasible, when UL gap is activated as per band per band combination. It is not reasonable to specify a capability as per UE based on a per BC capability.  

Proposal 1: For IBM, the UE capability on whether UL transmission is supported for the constituent band(s) in inter-band UL CA within an UL gap when the UL gap is activated, is per band per band combination.


The second open issue is testing procedure step 3.
 On test procedure and methodology:   
Agreement: 
Step 1 and 2 below are agreeable. Step 3 is FFS. 

1. Measure the EIRP in a reference case where the UL duty cycle is configured larger than the maxUplinkDutyCycle-FR2 (or UL duty cycle = 20% if UE does not report the maxUplinkDutyCycle-FR2 ) and without the UL gap configured.  reference EIRP (PUMax,f,c_Gap_off) and P-bit = 1

2. Measure the EIRP where the UL duty cycle is configured larger than the maxUplinkDutyCycle-FR2 (or UL duty cycle = 20% if UE does not report the maxUplinkDutyCycle-FR2 ) and with the UL gap configured.  enhanced EIRP1 (PUMax,f,c_Gap_on) should be at least reference EIRP + 3 dB) and P-bit = 0. 
-  as there is no phantom is included in the test, correct UE behaviour is that 
Option1: no P-MPR is applied
Option 2: 0-3dB P-MPR is applied as agreed in previous agreement. 
-  UE in-band Tx power is measured during the gaps and should not be larger than TX_OFF power


FFS: 3. Measure the EIRP where the UL duty cycle is configured lower than the maxUplinkDutyCycle-FR2 (or UL duty cycle = [10] % if UE does not report the maxUplinkDutyCycle-FR2) and without the UL gap configured.  P-bit = 0 for UE report the maxUplinkDutyCycle-FR2 or enhanced EIRP2 (should be at least reference EIRP + [3] dB) for UE does not report the maxUplinkDutyCycle-FR2.
-  no P-MPR should be applied when the configured UL duty cycle is lower than the UE reported capability maxUplinkDutyCycle-FR2 per Rel-15 agreement. 
-  For UE does not report maxUplinkDutyCycle-FR2, it is still correct UE behaviour to lower the PMPR with reduced uplink duty cycle. 






























The main purpose of step 3 is to test if UE transmission power is less constrained when UL duty cycle is small. There are two aspects to step 3.

Aspect 1: 
As step 3 is not related to the use of BPS or the activation of UL gap. Instead, it seeks to verify that a UE does not require P-MPR when the configured UL duty cycle is lower than the maxUplinkDutyCycle-FR2. Therefore, it should be considered as a general enhancement requirement in Rel-17. Therefore, we prefer to have this common understanding in RAN4 and if possible, decouple it from the UL gap discussion. 

Proposal 2: Step 3 can be decoupled from the UL gap discussion.  

Aspect 2: 
Theoretically when UL duty cycle is halved when part of UL slots is not scheduled with PUSCH, the peak EIRP transmission can improve by 3dB while having no issue meeting the same MPE requirement. However, if we look into UE implementations, things are not so straightforward. For instance, a UE may not know the exact UL duty cycle and must rely on some proprietary estimation/prediction algorithms, one example of which is that UE will predict the UL traffic based on past traffic. Due to the inaccuracy of UL traffic prediction, UE will need margin to adapt the peak EIRP to ensure MPE is always met. Therefore, if step 3 is to be tested, the requirement should consider practical implementation of UL traffic prediction error. As an example, consider a case where UL duty cycle is configured to be 10% during the test and UE estimates it to be 15%. In this case, instead of the theoretical 3dB gain, only 1.25dB gain (10*log10(20/15) = 1.25dB) is observed compared to step 1.  

Proposal 3: Modified step 3 test procedure as: 
Measure the EIRP where the UL duty cycle is configured lower than the maxUplinkDutyCycle-FR2 (or UL duty cycle = [10] % if UE does not report the maxUplinkDutyCycle-FR2) and without the UL gap configured.  P-bit = 0 for UE report the maxUplinkDutyCycle-FR2 or enhanced EIRP2 (should be at least reference EIRP + [1.25] dB) for UE does not report the maxUplinkDutyCycle-FR2.
-  no P-MPR should be applied when the configured UL duty cycle is lower than the UE reported capability maxUplinkDutyCycle-FR2 per Rel-15 agreement. 
-  For UE does not report maxUplinkDutyCycle-FR2, it is still correct UE behaviour to lower the PMPR with reduced uplink duty cycle. 


3	Summary
This contribution has provided our views on remaining issues of UL gap on Tx power management. Our proposals are as follows:

Proposal 1: For IBM, the UE capability on whether UL transmission is supported for the constituent band(s) in inter-band UL CA within an UL gap when the UL gap is activated, is per band per band combination.


Proposal 2: Step 3 can be decoupled from the UL gap discussion.  

Proposal 3: Modified step 3 test procedure as: 
Measure the EIRP where the UL duty cycle is configured lower than the maxUplinkDutyCycle-FR2 (or UL duty cycle = [10] % if UE does not report the maxUplinkDutyCycle-FR2) and without the UL gap configured.  P-bit = 0 for UE report the maxUplinkDutyCycle-FR2 or enhanced EIRP2 (should be at least reference EIRP + [1.25] dB) for UE does not report the maxUplinkDutyCycle-FR2.
-  no P-MPR should be applied when the configured UL duty cycle is lower than the UE reported capability maxUplinkDutyCycle-FR2 per Rel-15 agreement. 
-  For UE does not report maxUplinkDutyCycle-FR2, it is still correct UE behaviour to lower the PMPR with reduced uplink duty cycle. 
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