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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.
2. Network impact of UL gaps
In RAN4 #99-e, a WF [2] on introduction of UL gaps for proximity sensing was agreed, with the following conclusions and FFS for the RRM aspects:
	· Agreements: The baseline assumption for UL gap related configurations:
· UL gap is configured by NW via RRC signaling. Once UL gap is configured, it can be additionally activated or deactivated.
· It is up to network decision on whether to configure UL gap or not.
· It is FFS that the configured UL gap(s) can be activated/deactivated via MAC CE and/or DCI
· Gap configuration candidates:
· Candidates for gap periodicity: 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms 
· Candidates for gap duration: 62.5us, 125us, 250us, 500us, 1000us, 
· Implicit activation to minimizing signaling, e.g., depending on PHR report.



2.1. Configuration and activation of UL gaps
It is clear from the latest agreements that the UL gap will be configured by the network via RRC signaling.
As analyzed in our previous contribution [3], the simplest network solution for configuration of UL gaps is to configure all UEs in need of UL gaps, with the same general cell-specific UL gap with a large periodicity. During these UL gaps no UE in the cell would be scheduled and each UE has the opportunity to perform internal processing. 
Such solution would however be associated with at least the following drawbacks:
1. Reduction of network/cell throughput and impacts on services: the impact on throughput depends on the periodicity of the UL gaps, but it is in general more evident in FR2 where all the bands are TDD bands. Also, using same UL GP for all UEs may negatively limit some more demanding services especially if UL gaps are needed more continuously.
2. UL gaps shall only be configured to UEs which are in need of UL gaps as the gaps would penalize UEs that would otherwise not make use of them. The network scheduler would need to avoid scheduling any UE during the gap interval, regardless of whether the UE performs internal processing or not. 
3. Not all the UEs need UL gaps at the same moment, since the need for detection is strongly correlated with UE specific environmental and internal conditions.
For the reasons listed above, we believe that the network needs to be able to decide if UL gaps can be provided in a given situation as some services and practical deployments may set some constraints for the usage of UL gaps. This means that the UE has to be able to operate and meet the current requirements with and without UL gaps. 
Observation 1: A UE supporting UL gaps would need to meet the current requirements without UL gaps when not configured with UL gaps.
Observation 2: The network decide if and when UL gaps are provided (agreement). 
In addition, to avoid unnecessary UL gaps, the network needs to be aware of which UEs support the UL gaps and with which capability. 
Proposal 1: UE to report capability on the support of UL gaps.
Multiple candidates for gap duration and gap periodicity are indeed 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
Proposal 2: RAN4 would need to define limited a number of UL gap patterns.
Secondly RAN4 would need to discuss which of the GPs would be mandatory and whether RAN4 would at all define any UL GPs which are optional.
Proposal 3: RAN4 will need to define one or more mandatory UL gap patterns.
Defining UL GPs which are optional may in fact only lead to increased overall complexity 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 any 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 practice and hence only add additional complexity on UE or network implementation. Based on this we suggest not defining any optional UL GPs.
Proposal 4: RAN4 will not define any optional UL gap patterns. All defined UL gap patterns will be mandatory.
In order to evaluate the increase in overhead and complexity that UE specific UL gaps would introduce, we need to look at possible ways they could be configured. One example scenarios are presented in the following.
The network most likely configures different UL gaps with different periodicities for the UEs supporting UL gaps, as shown in figure 1. This would be a more flexible scenario, effectively addressing the problem of all UE having gaps simultaneously. This is more complex in scheduler implementation. Indeed, UEs available for UL transmissions in a specific UL gap change based on the specific gap occurrence. For example, as shown in 1 and considering two UEs (UE1 and UE2) served by the same cell, in the first UL slot no UE is available for UL transmission, in the third and fifth UL slot only UE1 is available for UL transmission and in the sixth UL slot only UE2 is available for UL transmission. Each slot would be characterized by different constraints for scheduling operation.
[image: ][bookmark: _Ref70517732]Figure 1. Configuration of UL gaps for Case 2


Considering the expected semi-persistent (or aperiodic) nature of the need for UL gaps, the UL gaps should only be activated when necessary. As an example, a UE could periodically check (at some time intervals) whether an object is approaching the antenna, and if an obstacle is detected. How often the UE would need to perform such check would need to be discussed in RAN4 as this would be used for designing the Uplink GP (UGP). The indication that UGP is needed could be explicitly sent to the network or implicitly through P-MPR reporting.
Observation 3. Request for activation of UL gaps could either be explicit or implicit through P-MPR reporting
As analyzed above, UE specific UL gaps enable larger flexibility at the cost of larger complexity at the network scheduler. More specifically, the shorter the periodicity, the larger the expected impact on TP and network operation. For this reason, we believe that a good compromise between network complexity and overhead and system performance would be to use same approach as for DL GPs which are used in a semi-persistent way, since the UL gaps are activated for a certain UE with a certain length and periodicity only if strictly necessary.
Observation 4: The network may activate UL gap pattern to match the actual needs of a particular UE instead.
One point on whether the configured UL gap(s) should be activated/deactivated via RRC, MAC-CE and/or DCI is left for further discussion. In our view, this discussion should happen in RAN4 after RAN4 has reched some common understanding of the basic requirements for UL gaps and UGPs. 
Basically, RAN4 would need to understand basic input parameters like: Gap length and Gap periodicity.
Proposal 5: RAN4 to identify which UGLs are needed.
Proposal 6: RAN4 to identify which uplink gap periodicities (UGRP) would be needed.
Once these parameters are known RAN4 can consider if a new type of UGP needs to be defined or an existing type of resource (e.g. UL SRS resource) can be repurposed. Although the specification effort for defining RRC configuration of different types of resources is expected to be similar, the advantage of repurposing an existing type of resource such as SRS resource is that the activation trigger (through MAC-CE and/or DCI) is already consolidated and new fields in the MAC-CE and/or DCI do not need to be introduced. However, there may be some negative side effects that would need to be carefully evaluated.

2.2. Further details on activation of UL gaps 
UE UL gaps request based on P-MPR reporting may introduce dynamic periodicity for MPE UL Gaps. When the user is far from the array (e.g. farther than 7 cm for an EIRP of 28 dBm), UL gaps for MPE may have a large periodicity as a baseline, e.g. 500 ms as MPE is limiting the UE maximum output power averaged over 4 seconds. Thus, there is some time (safety margin) for the UE to react to the need for reducing its Tx power due to MPE reason. Furthermore, in case of UL power being below certain threshold, UL gaps may not even be needed as the UE can meet MPE compliance without needing to use any power back-off i.e. P-MPR (i.e. if UE is not in power limitation, MPE compliance may not require P-MPR). 
If UE sends an early indication of potential MPE issue to the network (e.g. UE operates with EIRP above a threshold) before the actual MPE event or when the MPE event is triggered (P-MPR report in PHR, TS38.133 Table 10.1.26.1-1), the network would be able to increase the UL gap periodicity for proximity sensing for MPE purposes to e.g. 100 ms in order to enable better tracking of the user movement and accurately adjusting P-MPR. Also, with this type of additional information from the UE, the network would be able to avoid UL gaps when they are not truly needed.
Observation 5: If the UE provides an indication to the network of potential MPE issues (e.g. based on its EIRP level and/or P-MPR), the network could better determine and activate suitable UL gap periodicity or no UL gaps. 
 
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:
Observation 1: A UE supporting UL gaps would need to meet the current requirements without UL gaps when not configured with UL gaps.
Observation 2: The network decide if and when UL gaps are provided (agreement). 
Proposal 1: UE to report capability on the support of UL gaps.
Proposal 2: RAN4 would need to define limited a number of UL gap patterns.
Proposal 3: RAN4 will need to define one or more mandatory UL gap patterns.
Proposal 4: RAN4 will not define any optional UL gap patterns. All defined UL gap patterns will be mandatory.
Observation 3. Request for activation of UL gaps could either be explicit or implicit through P-MPR reporting
Observation 4: The network may activate UL gap pattern to match the actual needs of a particular UE instead.
Proposal 5: RAN4 to identify which UGLs are needed.
Proposal 6: RAN4 to identify which uplink gap periodicities (UGRP) would be needed.
Observation 5: If the UE provides an indication to the network of potential MPE issues (e.g. based on its EIRP level and/or P-MPR), the network could better determine and activate suitable UL gap periodicity or no UL gaps. 
These observations and proposals should be taken into considerations when further discussing UE requirements and UL gaps. 
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