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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 #101-e, a WF [1] on introduction of UL gaps for proximity sensing was agreed, with the following conclusions and FFS for the RRM aspects:
	Agreements:
· In R17, the following 4 gap configurations are introduced
· The same requirements should be specified for all gap configurations
· UGL indicates the number of consecutive static UL slots configured as UL gap per UGRP
	 
	UGL [ms] 
	UGRP [ms] 
	UGL/UGRP 

	ULGP #0 
	1.0 
	20 
	5% 

	ULGP #1 
	1.0 
	40 
	2.5% 

	ULGP #2 
	0.5 
	160 
	~0.31% 

	ULGP #3
	0.125
	5
	2.5%


Agreements:
· UL gaps are configured by the network using RRC configuration. 
· UL gaps are deconfigured by the network using RRC configuration. 
· Related to activation and deactivation of UL gaps: 
· The UL gaps can be activated when configured (using RRC signalling). 
· FFS: The UL gaps can additionally and optionally be activated and deactivated using MAC command after UL gap is configured by RRC Signaling
· The UL gaps are deactivated when deconfigured (using RRC signalling). 
Agreements:
With the agreement that UE can explicitly indicate to NW on “need for UL gap” and “no need for UL gap”, RAN4 will leave the detailed signaling design to RAN2 
Agreements:
· Once the UL gap is configured, and activated, the UE will perform BPS sensing only in the static UL slot, i.e. no DL slot or special slot will be used as UL gap. For example, in case of ULGP#1, DDDSU configuration with 120KHz SCS, the following figure depicts the available slots for UL gap. 
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· UE is not expected to be scheduled with UL transmission during the gap. Details FFS, e.g., RACH 
Agreements:
· No interruption across FR. FR2 UL gap does not cause FR1 interruption. 
Agreements:
UL gap slot is static UL slot. UL gap slot applies same TA as other UL slots.  
Agreements:
No conflict b/w TDD config and UL gap. UL gap is always configured in static UL slot 
Agreements:
FFS the impact on measurement gap configuration and requirement due to UL gap.



2. Configuration, activation and deactivation of UL gaps
2.1	Measurement Gap Patterns
UL Gap Patterns (GPs) were agreed in last meeting, RAN4 #101-e [1] and summarized in the table below. However, it was left open which GPs would be mandatory and which would be optional.
	 
	UGL [ms] 
	UGRP [ms] 
	UGL/UGRP 
	Mandatory/
Optional

	ULGP #0 
	1.0 
	20 
	5% 
	FFS

	ULGP #1 
	1.0 
	40 
	2.5% 
	FFS

	ULGP #2 
	0.5 
	160 
	~0.31% 
	FFS

	ULGP #3
	0.125
	5
	2.5%
	FFS



However, for DL gaps, where RAN4 has defined both mandatory and optional Measurement Gap Patterns (MGPs), it has been proven difficult to use optional MGPs in practice. This applies both for UEs and networks. For UE implementation, it is always a question whether it is worth the effort to support an optional GP as networks may not support the GP. For network side, the question is the same – whether it is worth the effort to support an optional GP as there may be no UEs in the network supporting the GP.
Hence, defining optional UL GPs will most likely only lead to increased overall complexity of the UL gap feature, without providing any actual system gain in real field deployments. It is to assume that the likelihood that any device or network would support any optional UL GP will be rather small, 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 can ever be used in practical deployments. Based on this we suggest defining all UL GPs as mandatory.
Proposal 1: RAN4 will only define mandatory UL gap patterns. 

2.2. Measurement Gap Configuration and Activation
In last meeting it was agreed that UL gaps are configured and de-configured by the network using RRC signaling. Related to the activation and deactivation of the configured UL gaps it was agreed:
· The UL gaps can be activated when configured.
· The UL gaps are deactivated when de-configured.
It was left open whether the UL gaps could additionally be activated and deactivated using MAC command (after being configured by RRC signaling). RRC may be sufficient since MAC activation requires 3 ms while RRC needs 10 ms.
Considering the expected semi-persistent (or aperiodic) nature of the need for having UL gaps active, they should only be configured and activated when necessary. Whether the UE needs UL gaps could be based on UE evaluations like e.g., PH. Once there is a need, an indication could be given to the network which then may activate the gaps.
To facilitate the configuration and activation of a UL MGP, there is the aspect of UE indicating the need for UL gaps when these are needed. In last meeting RAN4 agreed that UE can explicitly indicate to the network when UE has “need for UL gap” and has “no need for UL gap”, while signaling was left to RAN2. 
After UE has indicated the need for UL gaps to the network, there are two approaches depending on whether network supports simultaneous RRC configuration and activation of UL gaps, or if the network supports RRC configuration followed by additional activation and deactivation of the UL gaps.
Network supports simultaneous RRC configuration and activation of UL gaps:
In this option we expect that there will be an explicit dedicated message which is used by the UE when it needs UL gaps allocated. Once the network receives such indication for UL gaps, the network would configure and activate UL gaps for the UE. Similar for de-configuration and de-activation.
Network supports RRC configuration followed by additional activation and de-activation:
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]
	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 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]:
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Based on the Rel-16 agreements, the network would be informed by the PHR whether UE is applying P-MPR or not. Hence, the network already has the information needed to know when 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 1: PHR reporting includes P-MPR level and provides network with needed information to activate the UL gaps.

Proposal 2: UL gaps may optionally be activated and deactivated using MAC command after UL gap is configured by RRC Signaling

Proposal 3: The UE indicates need for activating an UL Gap using the PHR. The PH and P-MPR values will indicate to the gNB whether the UE needs UL gaps or not.

Proposal 4: UE reports R16 MPE reporting when UL gap is supported.

Proposal 5: UE reports P-MPRgapoff and the related delta P-MPR reporting when UL gap is not activated. 

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:
Proposal 1: RAN4 will only define mandatory UL gap patterns. 
Observation 1: PHR reporting includes P-MPR level and provides network with needed information to activate the UL gaps.

Proposal 2: UL gaps may optionally be activated and deactivated using MAC command after UL gap is configured by RRC Signaling.
Proposal 3: The UE indicates need for activating an UL Gap using the PHR. The PH and P-MPR values will indicate to the gNB whether the UE needs UL gaps or not.

Proposal 4: UE reports R16 MPE reporting when UL gap is supported.

Proposal 5: UE reports P-MPRgapoff and the related delta P-MPR reporting when UL gap is not activated. 
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UGRP = 40ms  



  Example with DDDSU ULDL configuration  
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UGL = 1ms , I.e., 8 consecutive slots 
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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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