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1 Introduction

Rel-17 revised WI for UE RF enhancement was approved in RAN#92 [1]. UL gap for self-calibration and monitoring is a one of the objectives of the WI. RAN4#99-e discussed Tx power management from two aspects: RF and RRM [2]. This paper provides our views on RF requirements and test cases for UE configured with UL gap. In addition, we show our views on RRM aspect.
2 Discussion
2.1 Background

Rel-17 revised WI for UE RF enhancement was approved in RAN#92 [1]. The excerpt from the WID are shown below:


Excerpt from WID [1]

· Inter 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

· Others 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 behaviour i.e. if gaps are not available for UE requesting gaps. Discussion on release independence aspects.



 Based on the WF agreed in RAN4#98-bis [3], phase 1 related study for UE power/coverage enhancement with body proximity sensing was completed and Phase 2 work started from previous meeting (RAN4#99). According to [3], the scope of phase 2 include bellow:


Excerpt from WF [3]

· Only type 1 gap is considered (all UE RF requirements will apply)

· Specify the UL gap configuration(s) and requirements

· Gap overhead should be jointly decided with a good balance of the requirementperformance gains obtained in terms of P-MPR reduction. 

· Specify related UE capability(ies) once requirements are clear

· FFS more details on how to design the capability(ies), including FFS on mutual signalling method using one-bit RRC flag from BS(s) and capability from UE(s) for the UL gap feature.

· Specify the related requirements and test case(s) and/or , if feasible,  to ensure that the performance gains are obtained from the introduction of UL gaps for proximity sensing

· The existing FR2 requirements won’t be impacted



In RAN4#99-e, we discussed the RF requirements and test case(s), but further discussion is needed for them. Also, it was agreed that UL gap is configured by NW via RRC signalling, but it is FFS that the configured UL gap(s) can be activated/deactivated via MAC CE and/or DCI. Based on above discussion, this paper provides our views on RF requirements and test cases for UE configured with UL gap. In addition, we show our views on RRM aspect.
2.2 Discussion
2.2.1 RF requirements and test cases for UL gap (Improvement of P-MPR) 
Our understanding on the use case of power management is that UE can detect whether or not human hands and bodies are close to Tx antennas by using UL gaps, and thus can avoid unnecessary P-MPR when human targets are not close to the Tx antennas, as described in [4]. The UE(s) targeted for this use case are those which use P-MPR constantly in case of no UL gaps configured even when human targets are not close to Tx antennas but can improve P-MPR with UL gaps by using the human detection.

To clarify the targeted UE further, Table 2.2.1-1 shows four types of UEs related to P-MPR and UL gaps. This has been slightly modified from what was shown in our previous contribution [5]. Type A UE(s) do not implement the human detection and cannot improve P-MPR even if UL gaps are configured to the UE(s). Type B UE(s) implement the human detection without UL gap to improve P-MPR. The UE(s) show good performance without UL gap, and they don't require any UL gaps for further improvement. Type C UE(s) implement the human detection with UL gap to improve P-MPR. The UE (s) don't shows good performance without UL gap, so it require any UL gaps for improvement. This is targeted UE for the use case of power management. Type D UE(s) implement the human detection without UL gap to improve P-MPR. The UE(s) show good performance without UL gap, but they require any UL gaps for further improvement.
Table 2.2.1-1: Clarification of UE type
	Type of UE
	P-MPR value when human targets are not close to Tx antenna
	NOTE

	
	Without UL gap
	With UL gap
	

	A
	High
	High
	· UE cannot implement the human detection even if UL gaps are configured

	B
	Mid / Low
	Mid / Low
	· UE that shows good performance without UL gap and does not require any UL gaps

	C

(Targeted UE)
	High
	Low / Very Low
	· UE that don't shows good performance without UL gap, so it requires any UL gaps for improvement

	D
	Mid / Low
	Low / Very Low
	· UE that shows good performance without UL gap, but it requires any UL gaps for further improvement.


Although type B/D UE is also interesting from operator’s perspective, if we apply the way we measure delta EIRP or delta P-MPR between the cases in which UL gap is activated and deactivated, it may be difficult to evaluate performance of them. Type B UE does not require any UL gaps to perform the human detection, so the delta EIRP or delta P-MPR between activated and deactivated would be zero. For type D, require any UL gaps, but the delta EIRP or delta P-MPR are smaller than type C UE because UE shows good performance without UL gap. 

Observation 1: If we apply the test method to measure difference between the two cases in which UL gap is activated and deactivated, it may be difficult to evaluate performance of UE that does not require any UL gaps to perform the human detection.
 Table 2.2.1-2 shows test case for UL gap. In this test case, three types of P-MPR will be checked. For type X P-MPR, the UE is not blocked with a phantom and no UL gaps are scheduled. For type Y P-MPR, the UE is blocked with a phantom and no UL gaps are scheduled. For type Z P-MPR, the UE is not blocked with a phantom and UL gaps are scheduled. (As the fourth type of P-MPR that is not included in our proposal but described in the table as reference, for type W P-MPR, the UE is blocked with a phantom and UL gaps are scheduled.) Phantom is detected by radar, proximity sensors, and so on. In addition, Table 2.2.1-2 also shows category of P-MPR value of each UE type.
Table 2.2.1-2: Clarification of the type of P-MPR (test case)
	Type of P-MPR test case
	Blocking material
	UL gap
	P-MPR value of each type of UE

	
	
	
	A
	B
	C
	D

	X
	No
	No
	High
	Mid / Low
	High
	Mid / Low

	Y
	Yes
	No
	High
	High
	High
	High

	Z
	No
	Yes
	High
	Mid / Low
	Low / Very Low
	Low / Very Low

	W
	Yes
	Yes
	High
	High
	High
	High


The performance improvement by UL gaps is shown the difference between type X P-MPR and type Z P-MPR. Therefore, type C UE should be allowed to use UL gaps if following requirement is met.
· Delta X (type X P-MPR) – Z (type Z P-MPR) > α     (Further discussion is needed to determine α.)

On the other hand, type D UE(s) show good performance without UL gaps, so they may not meet the above requirement. Therefore,  if they meet certain conditions, relaxation value (ω) will be added for above requirement.
· If [X (type X P-MPR) < β] or [Delta Y (type Y P-MPR) – X (type X P-MPR) > γ]

⇒ Delta X (type X P-MPR) – Z (type Z P-MPR) >  α-ω  (Further discussion is needed to determine α,β,γ,ω.)
In addition, UEs that show good performance without UL gaps, such as type B UE, can get a legitimate evaluation using the value of type X P-MPR. Therefore, by checking the above three P-MPR (X/Y/Z), not only UL gaps will be allowed only when the improvement is guaranteed, but also all UEs will be evaluated equally.
Observation 2: By checking the three P-MPR (X/Y/Z) in Table 2.2.1-2, we can confirm not only the performance of UE(s) that improve P-MPR values with UL gaps (type C and D UE), but also the performance of UE that can achieve lower P-MPR values without UL gaps (type B and D UE). 
Proposal 1: To evaluate the improvement by UL gaps and the basic performance of all UEs, three P-MPR in Table 2.2.1-2 should be checked.
Proposal 2: RF requirement for UL gaps is given in the following equation using the relaxation value (ω).
· If [X (type X P-MPR) < β] or [Delta Y (type Y P-MPR) – X (type X P-MPR) > γ]
⇒ Delta X (type X P-MPR) – Z (type Z P-MPR) >  α-ω  (Further discussion is needed to determine α,β,γ,ω.)
2.2.2 NW configuration and signalling for UL gap
It was agreed that type 1 gap requires no UL scheduling during the gap and NW can assign those resources to other UE for UL transmission. However, it is unclear whether NW need to avoid UL assignments to UE activating UL gap calibration. If the answer is yes, NW and UE should recognize the timing of UL gaps. It was agreed that NW configures UL gaps via RRC signalling [6]. Therefore, it is up to network decision on whether to configure UL gap or not, so it can address possible problems on NW deployment.

In our understanding, there are no concerns about the configured UL gaps are activated/deactivated via MAC CE and/or DCI. In addition, for MAC CE, it takes 3ms or more from receiving MAC CE to activation. Considering that UL gaps are dynamically activated/deactivated, DCI is appropriate in terms of immediacy.
Observation 3: There are no concerns about the configured UL gaps are activated/deactivated via MAC CE and/or DCI. Considering that UL gaps are dynamically activated/deactivated, DCI is appropriate in terms of immediacy.
3 Conclusion

Here we summarize our contributions:

Observation 1: If we apply the test method to measure difference between the two cases in which UL gap is activated and deactivated, it may be difficult to evaluate performance of UE that does not require any UL gaps to perform the human detection.

Observation 2: By checking the three P-MPR (X/Y/Z) in Table 2.2.1-2, we can confirm not only the performance of UE(s) that improve P-MPR values with UL gaps (type C and D UE), but also the performance of UE that can achieve lower P-MPR values without UL gaps (type B and D UE).

Table 2.2.1-2: Clarification of the type of P-MPR (test case)
	Type of P-MPR
	Blocking material
	UL gap
	Type of UE

	
	
	
	A
	B
	C
	D

	X
	No
	No
	High
	Mid / Low
	High
	Mid / Low

	Y
	Yes
	No
	High
	High
	High
	High

	Z
	No
	Yes
	High
	Mid / Low
	Low / Very Low
	Low / Very Low


Proposal 1: To evaluate the improvement by UL gaps and the basic performance of all UEs, three P-MPR in Table 2.2.1-2 should be checked.
Proposal 2: RF requirement for UL gaps is given the relaxation value (ω).
· If [X (type X P-MPR) < β] or [Delta Y (type Y P-MPR) – X (type X P-MPR) > γ]
⇒ Delta X (type X P-MPR) – Z (type Z P-MPR) >  α-ω  (Further discussion is needed to determine α,β,γ,ω.)
Observation 3: There are no concerns about the configured UL gaps are activated/deactivated via MAC CE and/or DCI. Considering that UL gaps are dynamically activated/deactivated, DCI is appropriate in terms of immediacy.
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