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Introduction
In RAN4#97, UL gap is discussed and WF R4-2016919 is agreed. Three issues are agreed to be further discussed:
UL gap use cases / evaluation metric
•	Identified UL gap use case for further study.  
‑   UE power/coverage enhancement
‑   PA calibration
-   Transceiver calibration
•	Candidate metric for UL gap performance gain evaluation
‑   more UL power to enhance the coverage
‑   less MPR allowance to enhance the high MCS coverage
‑   better EVM, IQ imbalance, Carrier leakage to improve signal quality
‑   Better emissions performance to reduce adjacent channel interference and inband emission
‑   More accurate power control
•	Interested companies are encouraged to provide the inputs on the list of exact evaluation metric per UL gap use case in RAN4#98e.
UL gap categories
•	  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.
•	Per identified UL gap use case, interested companies are encouraged to provide inputs on the detailed evaluation assumptions for both UE/NW and applicable UL gap type(s) in RAN4#98e.
Performance evaluation
•	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
•	Performance gain needs to be shown on top of the Rel-16 UE 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 our views on these issues.
Discussion
1) Gap types
In R15, 2 different types of gaps were discussed, so-called RRG and TG, as shown in Figure 1.


Figure 1  Gap Type
· RRG (rank restricted gap), the gap contains single-Tx UL allocations 
· TG (total gap), the gap contains no UL/DL allocations at all
In last meeting, the gap types are further classified into Type 1 and Type 2. In our understanding, Type 1 is the same as TG discussed in R15. For Type 2, not only rank but also time and frequency resources are alternatives that can be restricted in UL scheduling. In R15, RRG is considered to be used for PA DPD (digital pre-distortion) calibration, thereby improving PA efficiency, and is considered to effectively reduce power consumption while the number of power amplifiers required for mmWave increases significantly. Compared with RRG, TG contains no UL/DL allocation which is in a completely "silent" state, so there is no interference and no need to consider which Tx to drop. The super-heterodyne may be used in the mmWave which requires online calibration due to its own limitations e.g. chip size. TG is considered to be used as calibration for IQ image and LO feedthrough.
Restriction in time and frequency resources for Type 2 gap is new proposal in R17. It is not clear at least for now how such gap works in the network.
However, both types of gaps would introduce scheduling restriction to the NW, in turn of gain in UL transmission throughput and/or quality. The overall performance metric for these two types of gaps, in system level evaluation, should be uplink transmission throughput and BLER.
Proposal 1 The performance metric for the justification of the 2 types of gaps can be uplink transmission throughput and BLER.
It can be foreseen that Type 1 gap is relatively simple and straight forward. Based on our estimation it would be much easier for RAN4 to reach consensus on Type 1 gap. On the contrary, type 2 gap is more complicated, and it is not clear how much benefit it can bring compared to Type 1 gap. Therefore, it is proposed to study type 1 gap with higher priority in R17.
Proposal 2 First priority is to study Type 1 gap in R17 and if time allows further study the necessity/benefit of Type 2 gap over Type 1 gap.
2) Gap use cases and evaluation metrics
Although at least 5 candidates of performance metrics were captured in the agreed WF in last meeting, the key performance metric should still be the uplink SINR. In our understanding, at least analysis and feedback from chipset vendor on the improvement in uplink power and signal quality based on the preferred type of gaps are needed. Based on those, the improvement in SINR can be derived.
Proposal 3 Input from chipset vendors are needed on the improvement in uplink power and signal quality when gaps are available. 
3) Impact on system performance
In R15 discussion, some companies argued that the PCG patterns using fixed period are inflexible and may cause higher complexity in network scheduling. The final RAN4 agreements were that gaps for calibration can be found by the UE itself autonomously, but this may introduce lots of uncertainty in finding the gap which may reduce the gain of gap that can be brought. Therefore, there is potential benefits from better coordination between network and UE based on necessary signaling or gap pattern.
It was also agreed that it is left fully to gNB scheduler implementation on how to provide necessary gaps and in R15. However, when UE needs a gap for calibration but the gap is not scheduled, in our understanding the consequence should be the performance gain obtained by the gaps are lost. Anyway RAN4 may need some discussion on the fallback mechanism.
Proposal 4 RAN4 Study the potential fallback if UL gap is not actually scheduled.
Conclusion
In this contribution we review the discussion in Rel-15 and provide our views on the issues discussed in [1]. We have following proposals:
Proposal 1 The performance metric for the justification of the 2 types of gaps can be uplink transmission throughput and BLER.
Proposal 2 First priority is to study Type 1 gap in R17 and if time allows further study the necessity/benefit of Type 2 gap over Type 1 gap.
Proposal 3 Input from chipset vendors are needed on the improvement in uplink power and signal quality. 
Proposal 4 RAN4 Study the potential fallback if UL gap is not actually scheduled.
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