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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN plenary meeting #83, the work item of NR Positioning Support was approved [1]. The following is one of the objectives for the WID.
If necessary, define physical-layer procedures to support UE/gNB measurements for NR positioning [RAN1]
In this contribution, we present our views on DL and UL related physical-layer procedures for UE and gNB measurements.
2. Uplink related procedures
In RAN1#AH1901, it was agreed that NR SRS is used as a starting point for design and analysis UL PRS. For positioning purpose, a separate SRS resource set may need to be introduced for positioning only which is different from other SRS functionalities for data communication such as beam management, codebook based or non-codebook based transmission or antenna switching. SRS for positioning may have different physical procedure and configuration from compared to current SRS usage. 
In LTE, the radiation power pattern of a single antenna element is omni-directional. The UL positioning RS sent by one UE can be received by multiple gNBs/TRPs/LMUs from different directions. In NR, SRS spatial information indication mechanism for both UEs with and without beam correspondence should be considered. When beam correspondence is supported at UE side, SRS spatial information can be acquired by the DL channel of the serving cell and neighboring cells. For the serving cell, UE can take SSB or CSI-RS as reference indicated by the high layer parameter ‘spatialRelationInfo’ with ‘SSB index’ or ‘CSI-RS index’. However, for neighboring cells, there is no such indication for downlink QCL source RS. Therefore, UE should be configured additional spatial relation with downlink RS of neighboring cells. SSB of neighboring cells can be a candidate. In addition, considering downlink PRS beam sweeping manner and OTDOA measurement results for multi-beam, DL PRS is another candidate. 
Proposal 1: 
· For UE with beam correspondence, support configuring additional spatial relation with downlink RS of neighboring cells such as SSB or DL PRS.
However, when beam correspondence is not supported at UE side, SRS beam sweeping is a better solution to cover potential neighboring cells. An example of SRS beam sweeping pattern is illustrated in Fig.1. SRS resource is repeated a number of times in one beam direction to allow RX beam sweeping at gNB side or increase uplink hearability. The beam sweeping pattern contains N consecutive SRS groups with different beam directions. Within each SRS group, M consecutive SRS resources are included and each SRS resource has the same beam direction. The number of consecutive SRS group depends on the UE capability for uplink beam management. In order to be received by neighboring cells, the beam sweeping pattern information should be exchanged between neighboring cells.


Fig.1 An uplink beam sweeping pattern
Proposal 2: 
· For UL beam sweeping, support SRS beam sweeping pattern with SRS resource repetition.
From our simulation results from [2], we can conclude that uplink positioning performance is limited for scenarios in sparse network deployment such as UMa scenario. While for scenarios with shorter gNB distance, the performance is sufficient such as UMi and Indoor scenario. So power control mechanism should be considered especially for sparse network deployment. In Rel-15, SRS transmission power can be calculated by estimating path loss of downlink RS which is specified by high layer parameter ‘pathlossReferenceRS’ including CSI-RS index or SSB index of the serving cell. Considering new usage for positioning, SRS transmission power may take neighboring pathloss RS as a reference such that the UE can transmit SRS based on the weak links of surrounding gNBs with the allowed TX power. Therefore, the hearablity of SRS can be improved. However, this solution will lead to interference with normal data uplink transmission of other UEs in neighboring cells, especially for the case with large TX power. Thus SRS TX power should not necessarily be based on the cell with the largest pathloss. 
Proposal 3: 
· Support SRS power control based on pathloss reference signal of neighboring cells.
Time advance is used especially for UEs far away from the serving gNB so that the uplink signal can be received within the scope of CP.  Therefore it will not affect the reception of other uplink signals. SRS for positioning should be measured at neighboring gNBs so that RTOA can be obtained on network side. The simplest way is to configure TA based on the serving cell which has no change on current specification. 
Proposal 4: 
· Support TA configuration based on the serving cell.
3. Downlink related procedures
Beam sweeping/alignment has been agreed to be supported by DL PRS [3]. Beam related information can provide spatial and angular domain information such as accurate arrival/departure angle, which in turn provides additional benefits for UE positioning measurement. However, analog beamforming causes scheduling restriction that each symbol is transmitted using only one beam per panel, which affects PRS design especially in FR2. In order to support beam sweeping/alignment, we think beam configuration for the serving cell PRS could refer to beam configuration of CSI-RS or SSB of the serving cell. Beam configuration of neighboring cells PRS could refer to the optimal beam pair of the SSB of neighboring cells. 
[bookmark: Pro5]Proposal 6: 
· [bookmark: _GoBack]PRS could be indicated with TCI state for beam alignment
· The QCL source could refer to CSI-RS or SSB of the serving cell or the neighboring cell.
4. Conclusion
In this contribution, some physical-layer procedures for NR positioning are discussed with the following proposals,
Proposal 1: 
· For uplink beam correspondence, support configuring additional spatial relation with downlink RS of neighboring cells such as SSB or DL PRS.
Proposal 2: 
· For uplink beam sweeping, support SRS beam sweeping pattern with SRS resource repetition.
Proposal 3: 
· Support SRS power control based on pathloss reference signal of neighboring cells.
Proposal 4: 
· Support TA configuration based on the serving cell.
Proposal 6: 
· PRS could be indicated with TCI state for beam alignment
· The QCL source could refer to CSI-RS or SSB of the serving cell or the neighboring cell.
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