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1. Introduction
RAN4#98-bis-e agreed a WF on FR2 enhancements for UL gap [1]. The following agreements were made for Tx power management part in [1]:
	· Agreements: Based on the discussions and inputs from interested companies, phase I related study for UE power/coverage enhancement with body proximity sensing can be completed and Phase II work can start from RAN4#99e. Based on WID, the scope of phase II include
· 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 requirement 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) 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 this contribution we present our views on the expected network impact of UL gaps configuration.
2. Network impact of UL gaps
Introduction of UL gaps is expected to bring benefits in terms of UE performance at the cost of more complex network operations and potentially worse system throughput. Indeed, in order to accommodate such UL gaps, the network needs to make sure that UL scheduling decisions are taken accordingly and specific UEs are not scheduled in the gap intervals.
The simplest solution for configuration of UL gaps is to configure a cell-specific UL gap with large periodicity, in which no UE in the cell is 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, cell-specific UL gaps may also negatively limit some more demanding services especially if gaps need to be always provided.
2. Cell-specific gaps penalize UEs that do 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 without UL gaps. In order to avoid unnecessary UL gaps the network also needs to be aware of which UEs support the UL gaps and what performance enhancements these UEs are able to achieve with UL gaps. UE specific UL gaps controlled and decided by the network may help in minimizing negative system impacts.
Observation 1: UE needs to meet the current requirements without UL gaps so that the network can decide if and when the network can provide UL gaps. 
Observation 2: Network needs to know which UEs support UL gaps and what enhanced requirements these UEs meet when UL gaps are provided.
Observation 3: UE specific UL gaps could minimize impacts on system performance.
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. Three hypothetical scenarios are presented in the following.
In Case 1, the network configures one UL slot every N slot as UL gap for the UEs supporting UL gaps, as shown in Figure 1 for a typical DDDSU TDD pattern and for N = 5. This case is quite similar to the cell-specific UL gaps, but it requires additional complexity to scheduler implementation in order to not impact the UL throughput of those UEs not supporting UL gaps. In addition, this implementation does not solve the problem mentioned in point 3. above, for which different UEs may need UL gaps at different moments and with different periodicities.
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In Case 2, the network configures different UL gaps with different periodicities for the UEs supporting UL gaps, as shown in Figure 2. This would be a more flexible scenario, effectively solving most of the problems raised in bullets 1., 2. and 3. above, but it is clearly accompanied with a larger complexity 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 Figure 2 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.
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In Case 3, the network configures one or several semi-persistent (or aperiodic) set of resources for UL gap with different periodicities and length in number of OFDM symbols. Considering the semi-persistent (or aperiodic) nature of the set of resources, they may be activated only when necessary and based on internal UE evaluations and indications to the network. As an example, a UE could periodically check (at large time intervals) whether an object is approaching the antenna, and whenever something is detected, the UE could request the network for UL gaps with certain duration and periodicity for a detection with finer accuracy. The request could be explicitly sent to the network or implicitly through P-MPR reporting.
In the example of Figure 3, the UE1 is configured with one or more semi-persistent (or aperiodic) set of resources, and requests (explicitly or implicitly) activation of one such set of resources in the 2nd UL slot (in the Figure), after detecting a possible MPE event. The network would then activate the UL gaps with a certain offset, periodicity and length. In Figure 3, and as an example, the trigger is carried in the 2nd DL slot after the 2nd UL slot. 
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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 burden on network operation. For this reason, we believe that Case 3 represents a good compromise between network complexity and overhead and system performance, 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 lengths and periodicity to match the actual needs of each particular UE instead of e.g. activating unnecessary UL gap length and periodicity when it is not needed by the UE.
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. 
Lastly, without careful thinking of UL gap design and related UE requirements and behaviour, the number of gaps could increase for multi-panel UEs according to e.g the number of active links and the number of UE panels simultaneously active, hence degrade interruption time and system performance. 2 links active/monitored for UL could require a larger number of gaps to detect the MPE event. Nonetheless, such 2 links may be on the same UE panel or on different UE panels. Grouping the gaps accordingly would minimize UL overhead, especially in case 2 of Figure 4 where a worse UL overhead due to the gaps is expected since the 2 active links are on different UE panels.

[bookmark: _Ref71628302]Figure 4: UL gap considerations for multi-panel UEs

Observation 6: Without careful considerations and design, multi-panel UEs may require a larger number of UL gaps for body proximity sensing which may further negatively impact the system performance proportionally with the number of active/reported links per UE panel. 
3. Conclusion
In this contribution, we have analyzed network and system impacts of UL gaps used for UE Tx power enhancements. Based on these analyses we have made the following observations:
Observation 1: UE needs to meet the current requirements without UL gaps so that the network can decide if and when the network can provide UL gaps. 
Observation 2: Network needs to know which UEs support UL gaps and what enhanced requirements these UEs meet when UL gaps are provided.
Observation 3: UE specific UL gaps could minimize impacts on system performance
Observation 4: The network may activate UL gap lengths and periodicity to match the actual needs of each particular UE instead of e.g. activating unnecessary UL gap length and periodicity when it is not needed by the UE.
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. 
Observation 6: Without careful considerations and design multi-panel UEs may require a larger number of UL gaps for body proximity sensing which may further negatively impact the system performance proportionally with the number of active/reported links per UE panel. 
These observations should be taken into considerations when progressing further with UE requirements and test cases for UE Tx power enhancements using UL gaps. 
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