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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.
 

Agreements in 101-e on gain of UL coherent MIMO is agreed and captured in the way forward [2].  
Agreements:
The gain and feasibility of approach 2 can be confirmed.  
 
· Approach 2
Gap occupying multiple symbols should be adjacent to PUSCH transmission, as shown in the following figure, and UE can adjust the phase difference between last transmitted SRS and PUSCH transmission. Requirements to be tested can be the same as the gap for BPS. The gap depends on side conditions including DRX on, BWP switching, SRS switching, DL measurement gap, etc. Once the side condition occurs, the gap should be triggered to detect the phase error before PUSCH transmission. If no side conditions, periodically triggered gap is not necessary. It is also worth noting that, with this case, UE need to know the PUSCH transmission phase status in advance, the compensation accuracy would rely on more calibration work.
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Such gap pattern are just examples for coherence calibration, it still needs RAN4 to further study in phase II.

























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

2.1 RF Requirement   

Two options have been discussed on how to define the RF requirement with UL gap for UL coherent MIMO. 

Option 1: 40degree difference of relative phase error and 4dB different of relative power error, under the side condition.   

Option 2: Further enhance 40degree difference of relative phase error and 4dB different of relative power error, when the side condition happens, and UL gap is triggered.   

Since the UL gap is only triggered when side condition happens, the RF requirements when side condition do not happen are not impacted. If option 2 is adopted, this will result in better RF performance with side condition, comparing to the case where side conditions do not happen. This creates inconsistent performance requirement. We think option 1 is a straightforward method to tighten the RF requirement.  

Proposal 1: Define the RF requirement for UL coherent MIMO as 40-degree difference of relative phase error and 4dB difference of relative power error when side condition happens, and UL gap for coherent MIMO is triggered.  

2.2 Gap length  

In [2], an example of 2 OFDM symbols are used as UL coherent MIMO gap length. With 120KHz subcarrier spacing, 2 OFDM symbols is a very short period for UE to calibrate the power and phase rotation after triggered. The required gap length highly depends on the RF architecture and needs carefully studied. Further study is needed to carefully choose an agreeable gap length. 

Proposal 2: Further study the gap duration for UL coherent MIMO calibration.  

2.3 Gap triggering  

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. 

In R17 feMIMO WI, mTRP PUSCH scheduled by single DCI are specified. Both type A and type B PUSCH repetition are supported for mTRP PUSCH enhancement. Since mTRP PUSCH transmission can potentially be transmitted from different UE panel, potentially multiple UL gaps should be triggered for calibration. Additional studies are needed to support UL coherent MIMO calibration for mTPR PUSCH enhancement. Due to time limitation, we propose to deprioritize coherent UL MIMO calibration for mTPR enhancement.  

Proposal 3: UL gap for UL coherent MIMO transmission is 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. 

Proposal 5: Deprioritize UL coherent MIMO calibration for R17 feMIMO mTPR PUSCH enhancement.     
    
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: Define the RF requirement for UL coherent MIMO as 40-degree difference of relative phase error and 4dB difference of relative power error when side condition happens, and UL gap for coherent MIMO is triggered.  

Proposal 2: Further study the gap duration for UL coherent MIMO calibration.  

Proposal 3: UL gap for UL coherent MIMO transmission is 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. 

Proposal 5: Deprioritize UL coherent MIMO calibration for R17 feMIMO mTPR PUSCH enhancement.     
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