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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.
 

In this paper, we further discuss remaining details related to the UL coherent MIMO calibration.       
2	UL coherent MIMO     

UL gap for coherent MIMO calibration can be activated by RRC. Unlike UL gap for Tx power management, no periodic gap pattern needs to be defined. For UE with capability of coherent UL MIMO calibration, the gNB can activate the calibration gap after UE indicate the capability. When the UL gap is activated, when any of the side condition happens, the UE will perform calibration to keep power and phase coherency. If the UL gap is not activated, gNB needs to schedule ap-SRS transmission when any of the side condition happens before any coherent UL MIMO transmission will happen. 

Proposal 1: Support per-UE UL gap for UL coherent MIMO calibration capability. 

Proposal 2: Enable UL gap activation by RRC signaling.  

In codebook-based UL coherent MIMO, the transmission PMI for the PUSCH transmission is signaled in the scheduling DCI. In non-codebook-based UL coherent MIMO transmission, the SRI is signaled in the scheduling DCI. Since UE needs to know the PUSCH transmission phase status, the UL gap for calibration should be between the DCI and PUSCH. 

To triggering the gap, the triggering DCI should indicate whether the gap is triggered, and the location of the gap. To simplify the signaling design, it is better to fix the gap location right before the PUSCH transmission. With proper SLIV configuration in the PUSCH scheduling, the gap symbol location should be left empty. In case the location conflict with periodic or semi-persistent scheduled UL transmission, the periodic or semi-persistent UL transmission will be dropped. 

On triggering mechanism, both explicit triggering or implicit triggering can be considered.
· Explicit triggering: add one bit in DCI format 0-1 and 0-2 to indicate whether there is a UL gap for coherent UL MIMO calibration before the PUSCH transmission. 
· Implicit triggering: when any of the side condition happens, gNB always schedule a PUSCH with larger K2 value. In current specification, UE PUSCH preparation procedure time are specified in 38.214. In R16 UE power saving, a min K2 is defined to allow UE power saving. Similar concept can be reused for the calibration case, where K2_min_cal should be specified which include the PUSCH preparation time with additional calibration time. gNB should schedule the 1st PUSCH after side condition happens with a K2 greater than the K2_min_cal. UE will perform UL calibration with the additional processing time.  

To minimize the impact on RAN1, implicit triggering is preferred. 

Proposal 3: UL gap for UL coherent MIMO transmission is 1 slot right before the scheduled PUSCH after side condition happens.  

Proposal 4: Enable implicit triggering of the UL gap for UL coherent MIMO, by defining K2_min_cal which include the PUSCH preparation time plus the calibration time. 
    
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: Support per-UE UL gap for UL coherent MIMO calibration capability. 

Proposal 2: Enable UL gap activation by RRC signaling.  
 
Proposal 3: UL gap for UL coherent MIMO transmission is 1 slot right before the scheduled PUSCH after side condition happens.  

Proposal 4: Enable implicit triggering of the UL gap for UL coherent MIMO, by defining K2_min_cal which include the PUSCH preparation time plus the calibration time. 
References
[1] [bookmark: _Ref3386619]RP-211538, “Revised WID Further enhancements of NR RF requirements for frequency range 2 (FR2)”, Nokia, Nokia Shanghai Bell, June 14-18, 2021
[2] R4-2206604, “WF on FR2 enhancement part 2: UL gap”, Apple, Feb 21- Mar. 03, 2022 
3

