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Introduction
A new work item on “NR positioning support” was approved in RAN#83 and the following agreements were made in RAN1#98b [1].
Working assumption:
Frequency hopping of SRS for positioning is not supported

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

Agreement:
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



Agreement:
· 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

Agreement:
For UL SRS for positioning configured with comb size 8, the number of cyclic shifts is 6.
In this contribution, we discuss the UL reference signals design for NR positioning as well as the design principles for DL&UL based positioning schemes.
NR UL PRS design
1 
2 
2.1 
2.2 
The specific PRS pattern is determined by relative RE offset of the following symbols to the RE Offset in frequency domain of the first symbol. The number of symbols in one PRS resource, denoted as Ns, can be different for different UEs. However, in order to maintain the orthogonality between these PRS from different UEs, for the same symbol the PRS pattern should keep unchanged. In such a case, we can adopt the simple diagonal PRS pattern with relative RE offset always fixed to 1. However, PRS should be uniformly distributed in the frequency domain as much as possible. Simple diagonal PRS pattern cannot fulfill this requirement. In such a case, we can adopt the pattern shown in Fig. 1. One benefit of such pattern is that when the number of symbols is equal to the comb size, denoted as Nc, PRS occupies all the subcarriers. 
[image: ]
Fig. 4 Uniform PRS pattern (Ns=4, Nc=4)
Each pattern has its own advantages and disadvantages. However, supporting multiple patterns may cause interference between UEs configured with different patterns. Therefore, only one pattern should be supported.
Proposal 1: Only one PRS pattern should be supported and the following PRS pattern should be supported
	Number of symbols /
Comb size 
	1
	2
	4
	8
	12

	2
	
{0}
	{0, 1}
	{0, 1, 0, 1}
	 N/A
	N/A

	4
	N/A
	{0, 2}
	{0,1,2,3}

	{0,1,2,3, 0,1,2,3}

	{0,1,2,3, 0,1,2,3,0,1,2,3}

	8
	N/A
	N/A
	N/A
	{0,1,2,3,4,5,6,7} 
	N/A


NR DL&UL positioning
For gNB measurement, UL PRS, e.g., SRS, is configured by the serving gNB but should be measured not only by the serving gNB but also the neighboring gNBs. The configuration of UL PRS should be exchanged between serving gNB and neighboring gNBs via X2 interface so that the neighboring gNBs know when and where exactly to measure UL PRS.
Proposal 2: The configuration of UL PRS should be exchanged between serving gNB and neighboring gNBs via X2 interface so that the neighboring gNBs know when and where exactly to measure UL PRS..
Conclusions 
In this contribution, we discussed the UL reference signals design for NR positioning as well as the design principles for DL&UL based positioning schemes. Our observations and proposals are summarized below.
Proposal 1: Only one PRS pattern should be supported and the following PRS pattern should be supported
	Number of symbols /
Comb size 
	1
	2
	4
	8
	12

	2
	
{0}
	{0, 1}
	{0, 1, 0, 1}
	 N/A
	N/A

	4
	N/A
	{0, 2}
	{0,1,2,3}

	{0,1,2,3, 0,1,2,3}

	{0,1,2,3, 0,1,2,3,0,1,2,3}

	8
	N/A
	N/A
	N/A
	{0,1,2,3,4,5,6,7} 
	N/A



Proposal 2: The configuration of UL PRS should be exchanged between serving gNB and neighboring gNBs via X2 interface so that the neighboring gNBs know when and where exactly to measure UL PRS.
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