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1. Introduction
In this contribution we present our views on the expected network impact and RRM aspects related to UL gaps configuration and activation. In RAN4 #100-e, a WF [1] on introduction of UL gaps for proximity sensing was agreed, with the following conclusions and FFS for the RRM aspects:
	Agreement: 
· UL gap should be explicitly activated by NW via signaling 
· How can UE indicate the NW UL gap activation is needed?
· Option 1: UE explicitly indicates to NW by signaling
· Option 2: UE implicitly indicate to NW by P-MPR reporting. The exact P-MPR value is FFS. 
· Network can activate UL gap without the indication from UE
· UL gap should be explicitly deactivated by NW via signaling
· How can UE indicate the NW UL gap deactivation is needed?
· Option 1: UE explicitly indicates to NW by signaling
· Option 2: UE implicitly indicate to NW by [TBD] reporting. 
· Network can deactivate UL gap without the indication from UE.

Agreement: Two approaches will be considered
· #1: UL gap should be explicitly configured and activated/deactivated directly by RRC signaling
· #2: UL gap should be explicitly configured by RRC and activated and deactivated by MAC CE

Agreement:
· The switching time should be included in gap period.




Further agreements:
Further discussion on down-selection of gap configurations. 
· Candidate gap configurations: UGL (UL gap length), UGRP (UL gap repetition periodicity)
· UGL: 0.5ms, UGRP: 20ms (Huawei)
· UGL: 1ms, UGRP:20ms (Huawei, apple)
· UGL: 1.25ms, UGRP: 20ms (apple)
· UGL: 0.5ms, UGRP:40ms (Huawei)
· UGL: 1ms, UGRP:40ms (Huawei)
· UGL: 0.125ms, UGRP:5ms (Qualcomm)
· UGL: 0.125ms, UGRP:10ms (Qualcomm)
· UGL: 0.125ms, UGRP:20ms (Qualcomm)
· UGRP: 160ms (Sony, vivo, Ericsson, intel)
· UGRP: 320ms (Sony, vivo, Ericsson, intel)

In addition, the following WF is agreed:   
Further down-select candidates based on UL overhead, the ratio UGL and UGRP, of 5%, 2.5%, 1.25% and 0.625% and gain achieved in the RF requirements. 
· 5% Example configuration: UGL: 1ms, UGRP:20ms
· 2.5% Example configuration: UGL: 0.5ms, UGRP:20ms or UGL: 0.125ms, UGRP: 5ms 
· 1.25% Example configuration: UGL: 0.125ms, UGRP:10ms  
· 0.625% Example configuration: UGL: 0.125ms, UGRP:20ms or UGL: 1ms, UGRP: 160ms   
  On how can UE indicate to the NW UL gap activation/de-activation is needed:   
· UL gap should be explicitly activated by NW via signaling 
· How can UE indicate to the NW UL gap activation is needed?
· If needed, UE explicitly indicates to NW by signaling
· UL gap should be explicitly deactivated by NW via signaling
· How can UE indicate to the NW UL gap deactivation is needed?
· If needed, UE explicitly indicates to NW by signaling
2. Configuration, activation and deactivation of UL gaps
2.1	Measurement Gap Patterns
From the latest agreements, the UL gap will be configured by the network via RRC signaling.
 In general, UL gaps shall only be allocated when there is a need for UL gaps. Hence, to avoid allocating UL gaps to a UE which does not need UL gaps and avoid unnecessary UL gaps, the network needs to be aware of which UEs support the UL gaps. 
Proposal 1: UE to report the need of UL gaps for body proximity sensing.
Multiple candidates for UL gap duration and gap periodicity are listed in the WF. Based on the listed candidates, RAN4 would need to decide which gap patterns in terms of gap length and gap periodicity would be needed. In order to have network visibility to the UL MGP usage and mitigate the impact from UL gaps, RAN4 need to define one or more (but limited) number of UL gap patterns.
Proposal 2: RAN4 would need to define limited a number of UL gap patterns.
For DL gaps RAN4 has defined both mandatory and optional MGPs. However, it has been proven difficult to assume use of optional MGPs in the field – both for UEs and networks. Defining UL GPs which are optional may in fact only lead to increased overall complexity of the UL gaps feature, without providing any actual system gain in real field deployments. Similar to the defined DL gaps, it is very unlikely that any device or network would support optional UL GP simply because of the uncertainty whether it is supported by any device or network in the field. Hence, supporting an optional UL GP does not guarantee that it will ever be used in practical deployments and hence only add additional complexity for UE or network implementation. Based on this we suggest only defining mandatory UL GPs.
Proposal 3: RAN4 will only define mandatory UL gap patterns. No optional UL gap patterns will be defined.
In the last meeting several candidate gap configurations were listed as starting point for the UL gap pattern design. Proposals included UGL = [0.125, 0.5, 1.0, 1.25] ms and UGRP = [5, 10, 20, 40, 160, 320]ms. In all 10 different views were presented which we see as being unnecessary many options which will increase the network complexity. Having a very flexible UL gap approach where each vendor implements different UL GPs does not seem reasonable accounting for the network complexity. In general, we would prefer a limited number of UL MGPs.
Proposal 4: RAN4 will define a maximum of 2 mandatory UL gap patterns.
Hence, to reduce the overall complexity of the feature, RAN4 would need to down select among the proposed UL GPs. To do this we look at the proposals from last meeting together with possible system impacts from using UL gaps. 
Our understanding is that once the UE has been configured with an UL GP, the UE is not expected to transmit in the gaps no matter if the UL gaps are used for BPS or not. At least from network side that would be the only assumption that can be taken as the UE BPS implementation is not known.
Hence, RAN4 would need to consider at least following which has been addressed in many papers:
· Overhead from the UL gaps (both UE and network)
· Minimize the overhead as much as possible
Additionally, to evaluate which UL GPs to define it would be very useful to look at how many measurement samples would be needed on UE side to make a robust enough estimate of proximity? Hence, the need for measuring and averaging a minimum number of BPS samples. Additionally, it would also need to be discussed if there would be any limitation on the distribution of the UL gaps? Hence, is there for example a maximum time between BPS detection measurements? Such input would be helpful in making a justified design of the UL gap pattern in RAN4. Only a few papers have discussed this aspect, e.g. [R4-2108797, R4-2111151].
Proposal 5: RAN4 should decide how many BPS measurement samples would be assumed necessary for the UE to make a robust enough estimate of proximity.
Proposal 6: RAN4 should decide UL gap repetition period based on possible restrictions in the BPS UL gap measurement distribution in time domain.
Based on the UL GPs from last meeting we would initially think following two candidates could be possible compromises accounting the overhead and need for UL gaps being allocated:
	
	UGL [ms]
	UGRP [ms]

	UL MGP #1
	0.5
	40

	UL MGP #2
	0.5
	160


Shorter UGL is of course preferred if possible. UGRP for UL MGP #2 could even be longer (320ms) if RAN4 also discuss the possibility of having UL gaps allocated in burst format as discussed in some papers as well.
From several papers the impact on P-MPR depending on whether UL gaps has been allocated to the UE or not. For example, in [R4-2112088] we see:
	Step
	P-MPR of UE with BPS
	P-MPR of UE with other non-UL gap dependent sensor
	P-MPR of UE without BPS or other sensors

	T1, gap activated, no blocking
	Low
	Low
	High

	T2, gap de-activated, no blocking
	High
	Low
	High



What we see is that only devices which can manage BPS with other means that UL gaps will be able have low P-MPR, while others only can reach same low P-MPR if they support UL gaps and have UL gaps allocated. Otherwise, the UE will experience high P-MPR. This somehow indicates that a UE supporting UL gaps would need to be configured with UL gaps to reach low P-MPR and this observation should be accounted for when designing the UL gap patterns.
Observation 1: A UE which needs UL gaps for reducing P-MPR will only have low P-MPR if UL gaps are allocated.
RAN4 would also need to discuss the aspect of ‘retuning’ as known from DL gaps. When considering DL gaps the understanding is that the UE need re-tuning time for re-tuning the receiver frequency from the serving carrier frequency to the frequency of the measurement target. Our understanding here is that whether there is a need for retuning or not depends on whether the actively used transmitter is also used for BPS or not.
Proposal 7: RAN4 needs to discuss the aspect of ‘retuning’ time.
2.2. Measurement Gap Configuration
Considering the expected semi-persistent (or aperiodic) nature of the need for having UL gaps active, they should only be configured when necessary. Whether the UE is in need of UL gaps could based on internal UE evaluations. Once there is a need, an indication could be given to the network. 
The agreements in last meeting included two options:
1) UL gap should be explicitly configured and activated/deactivated directly by RRC signalling.
2) UL gap should be explicitly configured by RRC and activated and deactivated by MAC CE
We see Option 1 similar to how DL gaps are currently handled. i.e., when needed the network configures the UE with a UL MGP which is then taken into active use by the UE when configured. We see that, as minimum, this option would at least need to be supported.
Proposal 8: RRC configured, and simultaneously activated/deactivated UL gap configuration shall be supported. 
We see Option 2 based on a 2-step approach where the network configures the UL MGP which is then followed by some activation/deactivation indication by MAC CE.
Proposal 9: RRC configured, and MAC activated/deactivated UL gap configuration can be supported.
We prefer to initially focus the effort on introducing the UL gaps and control using the simplest approach with RRC signaling. The MAC based solution can be seen as an improvement and introduced in Rel-17 if time allows. 
2.2.1	RRC based configuration and deconfiguration
Following figure illustrates the basic RRC procedure for adding and removing UL gaps:


Figure 1 Illustration of RRC based addition and removal of UL gaps.
Once the RRC addition of gaps from network has been received by the UE, the network assumes that the UL GP is in active use by the UE. Similar for when network removes an UL gap. Hence, there is no additional need for activation or deactivation of the configured UL GP.
2.2.2	RRC configuration and deconfiguration + MAC control
Following figure illustrates the basic RRC procedure for UL gap configuration plus the MAC procedure for activating and deactivating UL gaps when needed:


Once the RRC addition of gaps has been received by the UE the UL GP is not activated by the UE. Once the UE indicates to the network (implicitly or explicitly) that there is a need for UL gap, the network will activate an UGP using MAC. Similar for when network deactivates an UL gap and de-configures and/or reconfigures the UL gaps. In this example, we use PHR as implicit indication from the UE as explained in detail in next section.
2.2.3	UE indication of need for UL gaps
In addition to the definition of the UL MGPs and the configuration and potential activation of a UL MGP, there is the aspect of UE indicating when there is a need for UL gaps.
In last meeting a number of options were listed for this topic as well:
1) UE explicitly indicates to the network by signaling.
2) UE implicitly indicates to the network by signaling (e.g. PHR and P-MPR reporting).
Once the UE detect a need for UL gaps, the UE could indicate the need for gaps to the network. The indication could be explicit indication sent to the network or implicitly indication using some reporting e.g. through P-MPR reporting.
UE explicitly indicates to the network:
In this option we expect that there will be an explicit dedicated message which is used by the UE when it needs to indicate a need for having UL gaps allocated. In one example a similar message (or same) as needForGaps, which is used for indicating need for DL gaps, could be introduced. However, in the end, it will be up to RAN2 how to design the actual signaling based on the indicated need from RAN4.
UE implicitly indicates to the network:
In this option we expect that an existing message will be used for indicating the need for having UL gaps allocated.  
 
	Excerpt from 38.321, section 6.1.3.8:
[image: ]
Figure 6.1.3.8-1: Single Entry PHR MAC CE




 The MPE values vary according to [38.133]
	10.1.26    P-MPR report
The P-MPR report mapping is defined by this clause.
10.1.26.1 Report mapping
Table 10.1.26.1-1 defines the P-MPR report mapping.
Table 10.1.26.1-1 Mapping of P-MPR
	Reported value
	Measured quantity value
	Unit

	P-MPR_00
	3 £ PMP-R < 6
	dBm

	P-MPR_01
	6 £ PMP-R < 9
	dBm

	P-MPR_02
	9 £ PMP-R < 12
	dBm

	P-MPR_03
	PMP-R ³ 12
	dBm






In Rel-16, when the UE detects proximity in the vicinity of the device (or the device cannot ensure free space propagation within MPE back-off distance), P-MPR is applied. If P-MPR is ≥ 3, then P bit in PHR is 1 and MPE bits reflect the P-MPR range according to the table above. The P-MPR reporting is controlled by the “P” field and the “P-MPR” field, as agreed in [38.321]:
	[image: ]



Based on the Rel-16 agreements, the network would be informed by the PHR whether UE is applying P-MPR or not. 

As such the network already has all the information needed to activate/deactivate the UL gaps. 

The above is demonstrated with the examples below.

The UE has indicated to the network that it needs UL gaps for body proximity sensing e.g., provides a UE capability indication that it supports the UL gaps for P-MPR enhancements.
As a starting point the UE is not scheduled with gaps from the gNB, therefore the UE cannot assess the user’s presence and applies maximum P-MPR. The UE reports PHR to gNB, and the gNB receives the following: 
· Example 1: indication that the UE uses e.g. 6 ≤ PMP-R < 9 and PH = 6 dB.
The network can assess that the UE is not power limited, even under MPE event as PH=6, therefore scheduling UL gaps for P-MPR improvement would not yield a performance gain.
It may be that in this scenario, P=1, P-MPR = 6, Pcmax = 17 dBm (e.g. 23 dBm – 17 dBm) and PH = 6 dB. 
[image: ]
Here, the UE is not power limited and in good signal conditions. Therefore, the network does not need additional 6 dB to improve UE UL throughput and network will not schedule the UL gaps.
· Example 2: indication that the UE uses e.g. 6 ≤ PMP-R < 9 and PH = 0 dB.
The network can assess that the UE may be power limited and under MPE event, therefore scheduling UL gaps for P-MPR improvement may yield a UE Tx power improvement of 6 dB if there is no user covering the active antenna array. This will result in a possibility to increase e.g. MCS, PRB from network.
It may be that in this scenario, P=1, P-MPR = 6, Pcmax = 17 dBm (e.g. 23 dBm – 17 dBm) and PH = 0 dB. 
[image: ]
Here, the UE is power limited and in poor signal conditions. Therefore, the network needs the potential additional 6 dB to improve UE UL throughput (MCS, PRB) and avoid potential UL failures, hence network will schedule the UL gaps.
Assuming the UE is then allocated UL gaps, and that there is no MPE event, the ‘P’ bit will be set to 0 and the ‘MPE or R’ in the PHR will be set to ‘R’ (i.e. no P-MPR applied). For as long as the UL gaps are allocated, the UE will be able to determine the ‘No MPE condition’ and provide the additional Tx power. 

Observation 2: PHR reporting includes P-MPR level and provides network with needed information to activate the UL gaps.

Proposal 10: Regarding How can UE indicate the NW UL gap activation is needed?, support option 2 implicit indication in addition to explicit indication.

Similarly, to the activation, the network receives periodically e.g. RSRP, SINR values of active link. Thereby, network can evaluate how static the channel is. Moreover, the network also knows the PH and PRB scheduling of the UE and can assess how large risk of failure MPE is for a particular UE. Depending on the channel assessment, the network may then deactivate the UL gaps.
Observation 3: PH and DL reporting indicate to network UL failure risk due to MPE as well as how static the channel is. Based on this the network has information needed to deactivate the UL gaps.

Proposal 11: Regarding How can UE indicate the NW UL gap deactivation is needed?, support option 2 implicit indication in addition to explicit indication.

3. Conclusion
In this contribution, we have analysed network and system impacts of UL gaps used for UE Tx power enhancements. Based on these analyses we have made the following proposal and observations:
Measurement Gap Patterns:
Proposal 1: UE to report the need of UL gaps for body proximity sensing.
Proposal 2: RAN4 would need to define limited a number of UL gap patterns.
Proposal 3: RAN4 will only define mandatory UL gap patterns. No optional UL gap patterns will be defined.
Proposal 4: RAN4 will define a maximum of 2 mandatory UL gap patterns.
Proposal 5: RAN4 should decide how many BPS measurement samples would be assumed necessary for the UE to make a robust enough estimate of proximity.
Proposal 6: RAN4 should decide UL gap repetition period based on possible restrictions in the BPS UL gap measurement distribution in time domain.
Observation 1: A UE which needs UL gaps for reducing P-MPR will only have low P-MPR if UL gaps are allocated.
Proposal 7: RAN4 needs to discuss the aspect of ‘retuning’ time.
Measurement Gap Configuration:
Proposal 8: RRC configured, and simultaneously activated/deactivated UL gap configuration shall be supported. 
Proposal 9: RRC configured, and MAC activated/deactivated UL gap configuration can be supported.
Observation 2: PHR reporting includes P-MPR level and provides network with needed information to activate the UL gaps.

Proposal 10: Regarding How can UE indicate the NW UL gap activation is needed?, support option 2 implicit indication in addition to explicit indication.

Observation 3: PH and DL reporting indicate to network UL failure risk due to MPE as well as how static the channel is. Based on this the network has information needed to deactivate the UL gaps.

Proposal 11: Regarding How can UE indicate the NW UL gap deactivation is needed?, support option 2 implicit indication in addition to explicit indication.
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image4.png
P: If mpe-Reporting-FR2 is configured and the Serving Cell operates on FR2, the MAC entity shall set this field
to 0 if the applied P-MPR value, to meet MPE requirements, as specified in TS 38.101-2 [15], is less than P-
MPR_00 as specified in TS 38.133 [11] and to 1 otherwise. If mpe-Reporting-FR?2 is not configured or the
Serving Cell operates on FR1, this field indicates whether power backoff is applied due to power management
(as allowed by P-MPR. as specified in TS 38.101-1 [14], TS 38.101-2 [15], and TS 38.101-3 [16]). The MAC
entity shall set the P field to 1 if the corresponding Pcmax s, field would have had a different value if no power
backoff due to power management had been applied;
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1 R PH=6 dB

P-MPR_01 Pcmax=17 dBm
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