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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
In RAN plenary #83, a new work item “NR positioning support” was approved [1] . In RAN1 meeting #98bis, the following agreements were made [2] :
Agreement:
· An SRS resource for positioning can contain multiple symbols with the same comb offset when the comb size is less than the number of symbols in the SRS resource. Select at least one of the following options
· Option 1: with G consecutive REs. FFS total number of symbols with respect to comb size
· Option 2: with cyclic repetition of the comb pattern when the number of symbols in the resource exceeds the comb size
· Note: This does not preclude partial or full staggering which needs to be further discussed
· The supported relative RE offsets for combinations of the number of symbols (1,2,4,8,12) and comb sizes (2,4,8) for SRS are given in the table below. At least one pattern for each pair are to be selected from the following options:
	Number of symbols /
Comb size 
	1
	2
	4
	8
	12

	2
	
{0}
	{0, 1}
	FFS: {0, 1, 0, 1} and/or {0, 0, 1, 1}
	 N/A
	N/A

	4
	N/A
	{0, 2}
	FFS: {0,2,1,3} and/or {0,1,2,3}
and or {0,2,3,1}
	FFS: {0,2,1,3, 0,2,1,3}
and/or {0,1,2,3, 0,1,2,3}
and/or {0,0,1,1,2,2,3,3}
	FFS: {0,2,1,3, 0,2,1,3, 0,2,1,3}
and/or {0,1,2,3, 0,1,2,3,0,1,2,3}
and/or {0,0,0,1,1,1,2,2,2,3,3,3}

	8
	N/A
	N/A
	N/A
	FFS: {0,4,2,6,1,5,3,7} 
and/or {0,4,1,5,2,6,3,7}
and/or {0,1,2,3,4,5,6,7} 
and/or {0,4,6,2,5,7,3,1}

	N/A



· SRS for positioning supports semi persistent configuration with MAC CE activation/deactivation, with SRS for positioning to be received at the serving cell and neighbor cell
· The aperiodic SRS for positioning is triggered by a DCI
· There is no impact to Rel-15 DCI (reuse the triggers in place in rel-15)
· The support of the reception of aperiodic SRS for positioning by the neighbor cell, is up to decision by RAN2 and RAN3 working groups
In this contribution, we discuss our view on uplink reference signals to support NR positioning, particularly on SRS enhancements for uplink-based positioning.
2. Uplink SRS Enhancements 
Relative RE offsets for combinations of the number of symbols and comb sizes for SRS for positioning were discussed in the RAN1 #98bis meeting. Some combinations result in multiple patterns. We consider there is no strong need to have multiple combinations for each number of symbol and comb size pair. Limiting the number of pattern to 1 for each combination will simplify the signaling between UE and the network (gNB/LS). We did not observe a significant gain by supporting multiple patterns.

[bookmark: _GoBack]Proposal 1: Select one RE offset pattern for each pair of symbol number and comb size from the agreed table in RAN1#98bis.

It is well-known that in 5G NR, especially in FR2, a directional (narrow) beam is typically required for both gNB and UE in order to compensate the pathloss. In legacy NR, the UE and serving gNB are designed to maintain a proper beam direction during transmission. In case of uplink-based positioning in NR, the multi-lateration is required for UE positioning estimation. In this case, the uplink positioning signal from UE needs to be received by multiple gNBs, such as a serving cell gNB and the neighbor cell gNBs. The gNBs can perform timing-based measurement (RTOA) or received power-based measurement (UL-RSRP). The angular information related to the uplink positioning reference signal (UL-PRS) can be used to improve the positioning accuracy. The angular information that has been discussed is the Angle of Arrival (AoA) of the UL-PRS. In this context and based on the work item progress, we can call it UL-SRS. 

The existing 5G NR rel.15 does only specify serving gNB to receive the UL-SRS transmission. The specification(s) have not defined the controlling of neighbor gNB Rx beam for SRS reception of a selected UE. Thus, the neighbor gNBs may not be able to perform positioning measurement. Furthermore, UTDOA with multi-lateration cannot be performed as the LS may only receive the positioning measurement from the serving gNB. In FR1, the UE may be equipped with an omnidirectional antenna and thus the beam-alignment requirement may not be as stringent as in FR2. However, the gNB may still be equipped with directional antenna. Thus, the beam coordination in both FR1 and FR2 are required.

Observation 1: Beam coordination between UE transmit beam and one or more gNB(s) receive beam is essential in uplink-based NR positioning. 

The beam coordination for uplink-based positioning can be facilitated based on the downlink measurement operation at the UE. NR downlink measurement mechanism has been established/defined in NR rel.15. It is typically performed by the UE to measure mainly the channel quality (e.g. RSRP) of serving gNB. The RSRP measurement of neighbor cell is only performed if the RSRP measurement of serving cell is deteriorated. For positioning purpose, first the UE needs to perform measurement based on the received downlink reference signals from multiple gNBs. Secondly, this measurement may affect the uplink SRS configuration, such as SRS transmit power. In case the UE needs to reach at least 3 gNBs, the maximum transmit power can be based on the selected gNB where the measured RSRP is as the third-largest according to the list of measured RSRP values from the neighbor gNBs.

In RAN1 #98, it was agreed for purpose of SRS power control to support different downlink reference signals for the DL path loss reference estimation. SSB based path loss is the obvious one to be measured and do not require downlink positioning to be enabled. When downlink positioning is enabled together with uplink positioning also DL-PRS is a relevant reference signal for path loss estimation. New entries for storing and maintaining DL-PRS path loss estimates as complement to SSB path loss should be defined.

Proposal 2: The pathloss estimation for the purpose of UL SRS power control is determined based on the selected M neighbor cell(s) to support multi-lateration operation.

The UE uplink transmission (including UL SRS) is often based on the information of downlink measurement. For example, the UE TX beam direction is typically the same as UE Rx beam and this is known as beam correspondence. Beam correspondence in NR is mandatory and the respective capability signaling definition in NR UE feature 2-20: 
· UE that fulfills the beam correspondence requirement without the uplink beam sweeping shall set the bit to 1
· UE that fulfills the beam correspondence requirement with the uplink beam sweeping shall set the bit to 0

It can be observed that some UE may need to perform uplink beam sweeping as it has a loose beam correspondence requirement. In this case, the uplink beam configuration may not completely rely on the received beam configuration. In such condition, the transmission of SRS with beam sweeping operation can be supported. 

Proposal 3: The UE that need to fulfills the beam correspondence requirement with the uplink beam sweeping also require to perform UE TX beam-sweeping for UL SRS transmissions across multiple UL SRS resources.

Based on the agreements in RAN1 meeting 96bis, one of the supported SRS configurations for positioning is the aperiodic configuration. Furthermore, it was agreed in RAN1 #98bis that aperiodic UL SRS is triggered by DCI. Hence, the latency of triggering SRS transmission is relatively small. Here, we consider the aperiodic SRS transmission can be triggered in conjunction with periodic SRS transmission or periodic DL PRS transmission. This is basically to support on-demand positioning where it may require UE positioning estimation with higher accuracy.

Proposal 4: Aperiodic UL SRS can be used to improve positioning measurement accuracy and to support DL & UL positioning.

3. Conclusion 
In this contribution, we discussed our view on UL SRS enhancements for NR positioning. Our proposals are listed below:

Proposal 1: Select one RE offset pattern for each pair of symbol number and comb size from the agreed table in RAN1#98bis.

Proposal 2: The pathloss estimation for the purpose of UL SRS power control is determined based on the selected M neighbor cell(s) to support multi-lateration operation.

Proposal 3: The UE that need to fulfills the beam correspondence requirement with the uplink beam sweeping also require to perform UE TX beam-sweeping for UL SRS transmissions across multiple UL SRS resources.

Proposal 4: Aperiodic UL SRS transmission can be used to improve positioning measurement accuracy and to support DL & UL positioning.
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