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1 Introduction
Rel-17 revised WI for UE RF enhancement was approved in RAN#91[1]. UL gap for self-calibration and monitoring is a one of the objectives of the WI. This paper firstly describes a trade-off relationship between UL performance enhancement and negative effect such as scheduling constraints and throughput degradation in the UL gaps feature. This trade-off relationship may cause possible problem on NW deployment. In addition, this paper points out the treatment of legacy BS(s). To address these issues, we propose a mutual signalling method between UE(s) and BS(s) before activating the UL gap feature.
2 Discussion
2.1 Background
Rel-17 revised WID for UE RF FR2 enhancement was approved in RAN#91 [1]. The excerpt from the WID [1] are shown below. 


Excerpt from WID [1]

· 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. Discussion on release independence aspects.



 The previous meetings approved related WFs [2][3]. According to [2], UL gaps are further classified into the following two types based on UE behaviour 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.
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Figure 2.1-1: Type 1 gap and Type 2 gap
2.2 Discussion
2.2.1 Trade-off relationship 
The UL gap feature may increase UL performance. As approved in [2], performance evaluation should focus on the testable improvements with and without gap (Rel-16 baseline). Rel-16 baseline should be the RF performance requirements defined in current spec, and the assumption behind is that UE has no UL gap for calibration. Performance gain needs to be shown on top of the Rel-16 UE requirements. [2] also approved that the candidate metrics for UL gap performance gain evaluation are more UL power, less MPR allowance, and better EVM, IQ imbalance, carrier leakage, better emissions performance, and more accurate power control. Therefore, if sufficient improvements based on Rel-16 UE requirements will be identified, UL performance such as UL coverage and throughput should be increased.
On the other hand, some possible disadvantages of the UL gap feature are pointed out by companies such as scheduling constraints and throughput degradation. For type1 gap, although it depends on the detail of gap structure, if BS(s) need to assign “no UL/DL gap” to UE with type1 gap as described in figure 2.1-1, BS(s) may face the scheduling constraints. For type2 gap, BS(s) may need to assign special UL slots with single Tx transmission as shown in figure 2.1-1. Furthermore, since UE(s) in type2 gap periodically transmit in single Tx, throughput degradation may occur. Such negative effects due to introduction of the UL gap feature should be investigated.
As discussed above, there seems a trade-off relationship between UL performance improvement and negative effects such as scheduling constraints and throughput degradation. While it is expected that UL coverage and throughput will be improved by introduction of the UL gap feature, it is also expected that scheduling constraints may occur and throughput may be decreased due to 1Tx transmission in type 2 gap.
Observation 1:  For UL gap feature, there seems a trade-off relationship between UL performance improvement and negative effects such as scheduling constraints and throughput degradation.
2.2.2 Possible problem description on NW deployment
 This section describes possible problems on NW deployment related to introduction of the UE gap feature. Considering the trade-off relationship mentioned above, UL gap feature may be effective in some BSs, but may not in other BSs. Another problem is a treatment of legacy BSs that can not support the UL gap feature.
 Given that there seems the trade-off relationship between UL coverage enhancement and some negative effects, whether the UL gap feature is effective or not will depend on area characteristics. If UL performance is insufficient in some areas and UL performance improvement is required there, the UL gap feature should be effective. If MPR is improved by the UL gap feature, we expect that UEs supporting this feature may increase their transmitted power. On the other hand, in areas where UL quality improvement is not required so much, it may be better to avoid the negative effects due to scheduling constraints. UL performance evaluation will be studied further in RAN4, but we think its effectiveness may also depend on area characteristics.
 Regarding a treatment of legacy BS(s), if BS(s) need to conduct special scheduling for the UL gap feature, UE with the UL gap feature cannot work well under legacy BS(s). Furthermore, if UE(s) need to send a request and related information to BS(s) in order to operate the UL gap feature, UE(s) under legacy BS(s) may continue to send unnecessary requests and information that legacy BS(s) cannot understand.
Observation 2: Given that there seems the trade-off relationship between UL coverage enhancement and some negative effects, whether the UL gap feature is effective or not will depend on area characteristics.
Observation 3: Regarding a treatment of legacy BS(s), if BS(s) need to conduct special scheduling for the UL gap feature, UE with the UL gap feature cannot work well under legacy BS(s).
2.2.3 Proposal
 As discussed above, there will be trade-off relationship related to the UL gap feature, and there will be some possible problems on NW deployment in introduction of this feature. To address these problems, this section proposes to a mutual signalling method between UE(s) and BS(s) before activating the UE gap feature. 
 The detail of the proposal is that before activating any procedure of the UE gap feature, BS(s) needs to signal a newly introduced IE to UE(s). UE(s) also needs to signal a newly introduced UE capability to NW(s). Based on this mutual signalling between BS(s) and UE(s), both BS(s) and UE(s) can confirm that UL gap feature can work between them. After that, a procedure for the UL gap feature will start. If either of BS(s) or UE(s), or none of them does not  or do not send related signalling, BS(s) and UE(s) should work without the UL gap feature. Note that a similar approach was introduced to pi/2-BPSK power boosting, where BS(s) needs to indicate one-bit RRC flag of “IE powerBoostPi2BPSK” [4] and UE(s) needs to send a UE capability of “powerBoosting-pi2BPSK” [5].


Excerpt from [4]

powerBoostPi2BPSK

If this field is set to true, the UE determines the maximum output power for PUCCH/PUSCH transmissions that use pi/2 BPSK modulation according to TS 38.101-1 [15], clause 6.2.4.



Excerpt from [5]
	powerBoosting-pi2BPSK
Indicates whether UE supports power boosting for pi/2 BPSK, when applicable as defined in 6.2 of TS 38.101-1 [2]. This capability is not applicable to IAB-MT.
	Band
	No
	TDD only
	FR1 only




 By introducing this method, the problems described in section 2.2.2 will be solved. In areas where UL quality improvement is not required so much, BS(s) can avoid to activate the UL gap feature by not signalling the related IE. Similarly, since legacy BS(s) do not send the related IE, UE can recognize that the UL gap feature should not be activated. And thus, we can avoid the situation where UE may continue to send unnecessary requests and information that legacy BSs cannot understand.
 Note that given that the trade-off relationship is still under discussion, our intention is to propose to discuss the necessity and the detail of this method in parallel with the discussion on the positive and negative effect of the UL gap feature: How much UL performance can be improved, whether or not BS(s) needs to conduct special scheduling for type1 gap, how much UL throughput may be decreased due to 1Tx transmission in type2 gap, and details of gap structure. Since negative impact may be different between type1 and type2 gaps, we think the necessity of introduction of this method can be discussed separately for type 1 and type 2 gaps.
Observation 4: A mutual signalling method using one-bit RRC flag from BS(s) and capability from UE(s) can address possible problems on NW deployment described in observation 2 and 3.
Proposal: Introduce a mutual signalling method using one-bit RRC flag from BS(s) and capability from UE(s) for the UL gap feature.
· Introduce a new IE and a UE capability for the UL gap feature
· The necessity of introduction of this method can be discussed separately for type 1 and type 2 gaps.
3 Conclusion
Here we summarize our contributions:

Observation 1:  For UL gap feature, there seems a trade-off relationship between UL performance improvement and negative effects such as scheduling constraints and throughput degradation.
Observation 2: Given that there seems the trade-off relationship between UL coverage enhancement and some negative effects, whether the UL gap feature is effective or not will depend on area characteristics.
Observation 3: Regarding a treatment of legacy BS(s), if BS(s) need to conduct special scheduling for the UL gap feature, UE with the UL gap feature cannot work well under legacy BS(s).
Observation 4: A mutual signalling method using one-bit RRC flag from BS(s) and capability from UE(s) can address possible problems on NW deployment described in observation 2 and 3.
Proposal: Introduce a mutual signalling method using one-bit RRC flag from BS(s) and capability from UE(s) for the UL gap feature.

· Introduce a new IE and a UE capability for the UL gap feature

· The necessity of introduction of this method can be discussed separately for type 1 and type 2 gaps.
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