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Introduction
In RAN #89 meeting, WI on enhancements of FR2 RF was agreed and on UL gap the following objectives are included:
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
•	PA efficiency and power consumption
•	Transceiver calibration due to temperature variation 
•	UE Tx power management
•	Others self-calibration and monitoring are not precluded
•	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 behaviour i.e. if gaps are not available for UE requesting gaps.
In RAN4#85 meeting, PA calibration gap (PCG) for FR2 was proposed in [1], which was extensively discussed in Rel-15. However it was not finally introduced into the specification. This paper reviews the discussion of Rel-15 and provide our views on this issue.
Discussion
1) Gap type
In way forward [2], it was agreed that PCG is periodic or event trigger (e.g. bandwidth or power changed drastically). Based on this, paper [3] proposed 4 different types of gap, but according to the analysis in [4], the benefit of event triggered gap may be trivial. Therefore, follow-up discussion mainly focuses on two types of gap, 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
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. Although this type of gap can maintain uplink transmission and reduce the impact on system performance to a certain extent, there are also many potential issues. The first is that one Tx chain needs to be dropped during calibration. How to judge and reasonably select the dropped Tx chain and the corresponding impact need more discussion. Secondly, due to the 2Tx to 1Tx switch, it may cause more troubles. For example, the uplink power is reduced by half at this time, and the 2-3 dB power loss can be compensated by PA power boosting. In [2], it is agreed that gap is applied only when UE is operating at a relatively high power level, which brings more restrictions on network scheduling. On the other hand, even though dual-polarization transmission is still possible based on the single-Tx transmission, it would still be difficult to maintain the same uplink link quality as 2Tx transmission.
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.
Observation 1: Two types of gaps, i.e. RRG and TG were discussed in R15. RRG is assumed to be used for PA calibration, and TG is used for calibration of IQ image and LO feedthrough.
Observation 2: Although RRG can maintain 1Tx transmission while TG cannot, it would require more restrictions on network scheduling to achieve such 1Tx and the performance of such 1Tx can be poor.
On the other hand, in the discussion of Rel-15, the benefit brought by gaps was not well studied. For DPD, its benefit can be quite different if RF implementation is different. Additionally, it is not clear whether DPD can be performed without gap, and if it does what is the gain of using gap for DPD. DPD calibration can improve the linearity of PA which may influence MPR, ACLR, etc, and [5] shows that the gain of gap from MPR improvement, which is progressively greater with higher order modulations. The calibration of IQ image or LO feedthrough may also improve the in-band emission. However, in our view the necessity of UL gap can only be justified in R17 if the above enhancements to RF requirements compared to the “no gap” case are significant, while these benefits can override the loss due to restricted scheduling.
Proposal 1  Study the enhancement on RF requirements using UL gap compared to the “no gap” case, and the loss due to restricted scheduling also needs to be studied.
2) Gap periodicity
The gap period was also discussed in Rel-15. It is proposed in way forward [2] that periodicity of gap can be fixed (configured by the network) or implicitly decided by UE based on other parameters. From the perspective of flexibility, fixed period may not be a good choice. If the gap is too sparsely distributed in the scheduling, the calibration cannot perform in time, which will reduce the performance of UE. In contrast, if the gap is too frequent, system performance will be constrained. In our view the gap period and gap duration need careful consideration in the study phase. 
Proposal 2  The gap period and gap duration need careful considerations in the study phase. 
3) Gap scheduling
In R15 discussion, some companies argued that the PCG patterns using fixed period are inflexible and may cause higher complexity. 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 WF [6] it was stated that configuration with RRC is also one of the options. For TG, because there is no UL/DL, it is simple to use RRC signaling. For RRG, just scheduling DCI can ensure the needed UL grant for transmission thus will have minor impact on RAN2. However, as discussed above, it would be quite difficult for the gNB scheduler to obtain the benefit that RRG can bring in.
Another issue is the UE fallback behavior when UE needs a gap for calibration while the gap is not scheduled. RAN4 may need some discussion on the fallback mechanism to minimize the degradation on overall performance.
Proposal 3  Study the potential signaling impacts due to the introduction of UL gap.
Through the above discussion, it can be seen that TG is relatively simple and straight forward. Based on our estimation it would be much easier for RAN4 to reach consensus on TG. On the contrary, RRG is more complicated, and it is not clear how much benefit it can bring compared to TG. Therefore, it is proposed to study TG with higher priority in R17.
Proposal 4  First priority is to study TG in R17 and if time allows further study the necessity/benefit of RRG over TG.
Conclusion
In this contribution we review the discussion in Rel-15 and provide our analysis based on that. We have following observations and proposals:
Observation 1: Two types of gaps, i.e. RRG and TG were discussed in R15. RRG is assumed to be used for PA calibration, and TG is used for calibration of IQ image and LO feedthrough.
Observation 2: Although RRG can maintain 1Tx transmission while TG cannot, it would require more restrictions on network scheduling to achieve such 1Tx and the performance of such 1Tx can be poor.
[bookmark: _GoBack]Proposal 1  Study the enhancement on RF requirements using UL gap compared to the “no gap” case, and the loss due to restricted scheduling also needs to be studied.
Proposal 2  The gap period and gap duration need careful considerations in the study phase. 
Proposal 3  Study the potential signaling impacts due to the introduction of UL gap.
Proposal 4  First priority is to study TG in R17 and if time allows further study the necessity/benefit of RRG over TG.
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