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1 Introduction
WF[1] for UL calibration gap was approved capturing some initial discussion:
	· Identified UL gap use case for further study.  

· UE power/coverage enhancement

· PA calibration

· Transceiver calibration

· UL gap can be further classified into two types based on UE behavior during the gap

· Type 1: No UL scheduling during the gap is needed. NW can assign those resources to other UE for UL transmission.
· Type 2: UL scheduling, including dedicated time and frequency resources reserved for self-calibration and monitoring, during the gap is needed. NW cannot assign those resources to other UE for UL transmission.
· Performance evaluation should focus on the testable improvements with and without gap (R16 baseline). 

· R16 baseline should be the RF performance requirements defined in current spec, and the assumption behind is that UE has no UL gap for calibration.

· Other non-RF requirements as R16 baseline is not precluded

· It is FFS if p Performance gain needs to be shown on top of the Rel-16 UE requirements in RF requirements or other requirements. FFS if UE requirements are shown in UE RF or other requirements. 

· NW and system impacts related evaluation include the impact of scheduling restriction, UL overhead (e.g. gap length, periodicity) and the potential UL interference when calibration is performing. 

· Evaluation can be done after further details are agreed. 


This paper provides some analysis on UL calibration gap. 
2 Discussion
2.1 Study framework for UL gap

In the last meeting discussion, this study encourage company to provide on performance improvement evaluation.

Before that, we need to consider how we define this UL calibration gap if corresponding technology is identified possible. 

Looking back on Rel-15 discussion, PA calibration is raised with enhanced MPR table and PA calibration gap UE capability indication. In Rel-17, the framework is similar that includes some factors: function/use case for calibration, performance enhancement, corresponding test, and how to define the UL scheduling during the gap.

There are some problems with such approach:
· Performance enhancement is based on RAN4 current requirement, or based on the improvement compared with UE do not use the UL gaps?

· Do we need to differentiate which use case UE is calibrating on during the gap?
· Is it mandatory for UEs to meet the enhanced performance if UE use the gap?

· How to deal with the performance enhancement which is outside of 3GPP spec, e.g. MPE?

If we take current RAN4 minimum requirement as the baseline to verify on whether UE improves by UL gap, it is probably that UE could reach better performance when UL gap is not used. 

From the other perspective, we could only define 2 kinds of UL gaps, and no use case is related to the UL gaps. UE only indicates on which kind of UL gaps it supports, after UL gaps is configured to the UE, no UE behaviour is required. During the configured gap, UE should meet the corresponding radiated requirement, e.g. off power requirement, spurious requirement, etc. 

Proposal 1: RAN4 should consider on how we define the UL gap and its related use case, performance improvement and test. 2 approaches are provided for initial discussion:

Option 1: we only define 2 kinds of UL gaps, Type1 and Type2 in[1], and do not define the corresponding use case and performance enhancements to the gaps.

Option 2: The UL gap definition includes factors: function/use case for calibration, performance enhancement, corresponding test, and how to define the UL scheduling during the gap. But, the evaluated RF performance requirements should be within 3GPP scope.
2.2 The identified use cases
2.2.1 PA calibration

For PA calibration, it is targeted to increase on PA’s linearity with pre-distortion. UL gap is required to be configured to UE for real time DPD. However, DPD also can be implemented by other method, e.g. static DPD. Even for real time DPD, DL receiving chain can be designed with coupler to the Tx chain. All these mentioned DPD method do not need UL gap.

Scheduled UL gap is needed for real time DPD calibration is because the DPD loop is implemented by OTA, with limited polarization isolation between Tx and Rx.

The potential impact to the network introduced by PA calibration are as below:

· If the power is dedicated for calibration, it will have interference to the gNB, and other users. And such method without real transmission data actually do not have much benefit.

· If the power is configured by the network, only one polarization for Tx can be used. Rank/Tx number reduce will cause perf degradation within that transmission

In Rel-15, study on MPR improvement with real time DPD is provided, since pre-distortion can be added following the environmental change. However, we always need to balance between power consumption and UL performance improvement. Too complex training procedure introduce additional processing complexity, which may bring other problems to handheld UE. So, the limited MPR improvement is replaced with rank reduce and UL interference in the network.

Observation 1: Limited UL transmission power improvement by PA calibration is replaced by UL MIMO performance loss and potential UL interference to gNB or other users.
2.2.2 Power management

From analysis in [2], currently power management is focused on body proximity detection which improves UL transmission power by accurate PMPR usage.

Radar detection and ranging is widely used in industry, it is based on enough resolution. As we all know, Radar Resolution is determined by bandwidth and antenna array size. Without enough resolution, UE even could not know whether the reflection signal is from body or object.

Considering 800MHz CA channel bandwidth, the ranging resolution can be calculated as c/2B, it only has ~0.2m resolution, while MPE requires for mm level body detection.

The other issue is, to confirm body proximity requires for massive data to train on the body feature. Radar could do this because it has a large scale phased array and strong training processer to extract on the body feature. However, FR2 handheld UE equipped with 4 antenna elements and processor need to consider power consumption, which is hard to accurately detect on body with mm resolution.

The other problem is MPE requirement is not the item in TS38.101, and it is clearly stated “ For UE conformance testing P-MPRf,c shall be 0 dB.” We think it is not expected to have additional verification on MPE in RAN4. However, if the corresponding test is only focus on PMPR usage without reaching MPE, such test is meaningless.
Observation 2: Power management improvement brought by body proximity detection has resolution and processing complexity problem. Additional MPE verification is not expected in RAN4.
3 Conclusion

In this contribution we discussed on the open issues on gaps for self-calibration and monitoring, according to the analysis, we have the following proposals: 
Proposal 1: RAN4 should consider on how we define the UL gap and its related use case, performance improvement and test. 2 approaches are provided for initial discussion:

Option 1: we only define 2 kinds of UL gaps, Type1 and Type2 in[1], and do not define the corresponding use case and performance enhancements to the gaps.

Option 2: The UL gap definition includes factors: function/use case for calibration, performance enhancement, corresponding test, and how to define the UL scheduling during the gap. But, the evaluated RF performance requirements should be within 3GPP scope.
Observation 1: Limited UL transmission power improvement by PA calibration is replaced by UL MIMO performance loss and potential UL interference to gNB or other users.
Observation 2: Power management improvement brought by body proximity detection has resolution and processing complexity problem. Additional MPE verification is not expected in RAN4.
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