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1. Introduction
It is agreed that the time and frequency resource configuration can be applied to multiple cells in RAN1 #112 meeting [1]. It is approached that for the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, support that spatial relation information can be absent or present in the configuration. Based on the before conclusions, it is necessary to study the enhancements on spatial relation for SRS to meet the target battery life in LPHAP.
2. Spatial relation information of SRS 
[bookmark: _Hlk105549736]Spatial relation information is UE location dependent. As the UE moves within a given cell area, e.g. validity area, supporting configuring separate information per cell for spatial relation information would be very useful. In RAN1 #112b meeting, for spatial relation of SRS configuration in multiple cells, the followings are agreed:

	
Working assumption
For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state, support that spatial relation information can be absent or present in the configuration.

Agreement
For the spatial relation of an SRS for positioning configuration in multiple cells for UEs in RRC_INACTIVE state:
· When the spatial relation information is absent in the configuration, the UE may use a fixed spatial domain transmission filter for transmissions of the SRS configured by the higher layer parameter SRS-PosResource across multiple SRS resources or it may use a different spatial domain transmission filter across multiple SRS resources;
· When the spatial relation information is provided in the configuration, it is applicable across the cells within the SRS positioning validity area. Further study the configuration details.
· FFS: spatial relation information validity criteria, and whether/how to determine UE fallback behavior if validity criteria for spatial relation of the configured RS is not met.





[bookmark: 665615-1-5][bookmark: 665615-1-6]For SRS Tx beam determination across multiple cells, a simple solution is to use SRS Tx beam sweeping for FR2. Actually, in most cases, the base stations for positioning measurement aren’t around the UE  omni-directionally. Figure 1 gives an illustration case sampled in the lived network, where the SRSs transmitted in beam 1~4 can be not used. The transmission of SRS in these beams will cause power and time-frequency resource wasting. When spatial relation information is absent in the configuration, fixed spatial domain transmission filter and different spatial domain transmission filter for transmission of the SRS across multiple cells should be supported. UE can recommend to the serving gNB to use fixed spatial domain transmission filter or different spatial domain transmission filter for transmission of the SRS across multiple cells based on UE remaining battery capacity.

Proposal 1：
· When spatial relation information is absent in the configuration, UE can recommend to the serving gNB to use fixed spatial domain transmission filter or different spatial domain transmission filter for transmission of the SRS across multiple cells based on UE remaining battery capacity.
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Figure 1 An illustration for spatial relation between UE and base stations

When the criterion on UE determination of the fixed spatial domain transmission filter is based on a selected SSB of the camping cell and neighbour cells, if without Rx beam sweeping, the UE can only have the information of SSB index, but not the direction of Tx beam. When configuring SRS in multiple cells, network should inform UE the relation between SSB indexes and Tx directions for camping cell and neighbour cells in the validity area. If the max number of SSB indexes are equal and the relation between SSB indexes and Tx directions are the same among the camping cell and neighbour cells, only one set of relation is informed to UE. There are three candidates for the maximum number of SSB indexes, which are 4,8 and 64. If the relation between SSB indexes and Tx directions is the same among the camping cell and neighbour cells for each max number of SSB index, three sets of relation are informed to UE for the max number of SSB indexes L as 4,8 and 64 respectively. The same relation between SSB indexes and Tx directions among the camping cell and neighbour cells for each max number of SSB index can reduce the signalling overhead.

Proposal 2：
· The same relation between SSB indexes and Tx directions among the camping cell and neighbour cells for each max number of SSB index can reduce the signalling overhead.

3. Power control of SRS 
In RAN1 #112b meeting, for power control of SRS configuration in multiple cells, the followings are agreed:

	
Working assumption
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, support the following options:
· Option 1: Pathloss RS is absent in the configuration. 
· Option 2: Pathloss RS is provided in the configuration.


Agreement
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is absent in the configuration, the UE determines the pathloss RS using a RS resource obtained from the SS/PBCH block of the camping cell that the UE uses to obtain MIB as the pathloss RS.

Agreement
For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is provided in the configuration, support one or multiple of the following alternatives on how to configure pathloss RS (down-selection to be made in RAN1#113 meeting):
· Alt. 2-1: Reuse the configuration of pathloss RS in Rel-17;
· Reuse the validity criteria of OPLC for SRS transmissions by RRC_INACTIVE UEs in Rel-17, i.e. when the pathloss RS cannot be accurately measured. When the validity criteria of OPLC fail, pathloss is calculated based on the RS resources obtained from SS/PBCH block of the new camping cell that the UE uses to obtain MIB.
· Alt. 2-4: Configure a list of candidate pathloss RSs or candidate cells per SRS for positioning resource set. The UE transmits SRS resources in a SRS resource set using a pathloss RS determined from the candidate pathloss RSs based on its DL measurements on the candidate pathloss RSs;
· FFS: whether/how to define validity criteria of OLPC and UE fallback behavior if validity criteria fail.
· Alt. 2-5: Reuse the configuration of pathloss RS in Rel-17. The UE only transmits SRS resources in a SRS resource set associated with pathloss RS that can be accurately measured.
· FFS: whether/how to define validity criteria of OLPC and UE fallback behavior if validity criteria fail.
· Alt. 2-6: Reuse the configuration of pathloss RS in Rel-17;
· A cell-agnostic DL RS can be the pathloss RS in the validity area and the cell-agnostic DL RS itself.
· Note: UE power consumption should be considered







[bookmark: _GoBack]For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is provided in the configuration, support Alt. 2-4 and Alt. 2-5. The UE should transmit SRS resources using a pathloss RS based on its DL measurements on the candidate pathloss RSs or the accurately measured RSs, not only the RSs of camping cell, since the SRS should be detected not only by the camping cell but also the neighbour cells, if pathloss RS configuration can be provided. In RAN1 #112b meeting, it is agreed that for SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, sequence ID in SRS for positioning configuration is commonly configured across cells within the validity area. The sequence generation isn’t cell-agnostic, so the pathloss RS shouldn’t be cell-agnostic. 


Proposal 3：
· For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is provided in the configuration, support Alt. 2-4 and Alt. 2-5.
4. Conclusion 
In this contribution, we discussed the methods of positioning for LPHAP UEs to reduce the UE power consumption and improve the network efficiency, and our proposals are summarized as below: 

Proposal 1： 
· When spatial relation information is absent in the configuration, UE can recommend to the serving gNB to use fixed spatial domain transmission filter or different spatial domain transmission filter for transmission of the SRS across multiple cells based on UE remaining battery capacity.

Proposal 2：
· The same relation between SSB indexes and Tx directions among the camping cell and neighbour cells for each max number of SSB index can reduce the signalling overhead.

Proposal 3：
· For the power control of an SRS for positioning configuration in multiple cells for a UE in RRC_INACTIVE state, when pathloss RS is provided in the configuration, support Alt. 2-4 and Alt. 2-5.
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