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Introduction
For the purpose of Rel-17 NR positioning enhancements, RAN1 centric objectives were agreed as follows [1]:
	· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions
· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
Note: RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.


This contribution discusses Rel-17 NR positioning enhancements specifically in the UL-AoA (Angle of Arrival) based positioning solution.

Uplink positioning technique enhancement
Sequence generation and resource mapping of positioning SRS 
In Rel-16 NR positioning, staggered RE patterns have been used for transmission of the positioning SRS (SRSp) as shown below:
	Table 6.4.1.4.3-2: The offset  for SRS as a function of  and .
	
	

	
	
	
	
	
	

	2
	0
	0,1
	0,1,0,1
	-
	-

	4
	-
	0, 2
	0, 2, 1, 3
	0, 2, 1, 3, 0, 2, 1, 3
	0, 2, 1, 3, 0, 2, 1, 3, 0, 2, 1, 3

	8
	-
	-
	0, 4, 2, 6
	0, 4, 2, 6, 1, 5, 3, 7
	0, 4, 2, 6, 1, 5, 3, 7, 0, 4, 2, 6





We have not addressed the problems when sequence generation and physical resource mapping for non-staggered pattern are fully applied to the staggered RE pattern. Actually, if the staggering/de-staggering operation is carried out according to the current specification of SRSp, there are two shortcomings such as phase off and aliasing of correlation peaks. This is because that there are phase discontinuities when a staggered pattern is de-staggered (combined) at the receiver. 
Regarding this issues, some solutions have been suggested and the methods are introducing an adjustment of the cyclic shifts as a function of the staggered pattern, such that the phase offset increment between the SRS-Pos subcarriers to be the same ([2]~[6]). Based the previous proposed ways, the combined signals looks like a bunch of identical sequences and the number of same sequences is depends on comb-size as shown figure 1. Figure 1 depicts the case when comb-size and symbol length are 4 and 4 respectively. From the perspective of a gNB, the combined sequences have bunch of same base sequences. In our view, however, even if it could be helpful to avoid aliasing of correlation peaks, it cannot fully utilize an advantage of staggered RE pattern.
[image: ]
[bookmark: _Ref61810018]Figure 1. Combined sequences after de-staggering operation in perspective of receiver.
In the staggered RE pattern, different frequency REs are used in the different symbol within a SRS resource, so the sequence element  of each symbol can be different as shown in Figure 2. A ZC sequence with a long sequence length has better cross-correlation performance than a sequence with a short sequence length (e.g. the cross correlation between two prime length of ZC sequences is a constant of ), so it is better to use longer sequence than the current sequence length of SRS resource for positioning. Furthermore, by the proposed way, more cyclic shift and root index can be utilizable. Here, the maximum available number of sequence length might change according to symbol length and comb-size.

Figure 2 shows the example when the symbol length and comb-size are 4 and 4, respectively. Figure 3 shows the cross correlation performance gap between the proposed method (usage of longer ZC sequences) and the current method (usage of ZC sequences). The assumption for the simulation is that is 48, Cross-correlation between “reference sequence (root index ‘1’)” and sequences generated by various root indices (from 2 to 40) is shown. Comb-size is assumed as 4. As shown Figure 3, the cross-correlation performance using longer sequence length is better than the current method (e.g. adjustment of the cyclic shifts). 


[image: ]
[bookmark: _Ref61810247]Figure 2. Sequence mapping for staggered pattern and combined sequences after de-staggering operation from the perspective of receiver.
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[bookmark: _Ref61810185]Figure 3. The cross correlation performance gap between the proposed method (usage of longer ZC sequences) and the current method (usage of ZC sequences).

In summary, since the staggering pattern allows to use the longer ZC sequences than the non-staggering pattern, RAN1 should consider introducing the longer ZC sequence as proposed with consideration of the symbol length and comb-size of a SRS resource for positioning.
 
Observation 1:
· The staggering pattern allows to make longer ZC sequences than that of the non-staggering pattern.
· By making longer ZC sequences, more cyclic shift and root index can be used and the performance of cross-correlation also can be improved.
· The maximum sequence length depends on the symbol length and comb-size of a SRS resource.

Proposal 1:
· Support enhancement of using the ZC sequence with a long sequence length for the purpose of the better cross-correlation performance of SRS for positioning.
· For an SRS resource, generate a long sequence with the length of the existing sequence multiplied by the comb-size.
· A part of the long sequence is mapped to each symbol of the SRS resource

For the purpose of sequence mapping to each OFDM symbol of SRS resource, the specific mapping rule needs to be defined. In case that the number of symbols is greater than the comb-size of a SRS resource, the same sequences should be repeatedly transmitted. This point also should be considered to make a mapping rule when the proposed longer ZC sequences are used.

Proposal 2:
· Support enhancements for the following SRS sequence mapping rule to use longer SRS sequence of length 
· Depending on symbol length and comb-size, sequence length and mapping rule can be determined as below:
· If the symbol length >= Comb-size: :
· , 
· Else, :
· , 
As shown above, when a SRS resource for positioning is transmitted with a staggered pattern and it is fully de-staggered at the gNB, it is the same as transmission comb value of 1. If the mapping rule is applied, additional mechanisms such as adjustment of phase are not necessary. Furthermore, it allows to use more the number of cyclic shift and root index, and the performance cross correlation is better than current specification.

In addition, we may need further discussions on other key performance metrics such as PAPR. In each symbol, the transmission sequence might not show ZC sequence property, so the related enhancements would be required, if needed.

Enhancement of power control and TA
In Rel-16, path-loss reference RS for SRS transmission power is configured for each SRS resource set, but the transmission beam is configured for each SRS resource. For SRS for positioning, however, the SRS transmission can be intended to the neighbour TRP/gNB to secure measurement from multiple TRPs/gNBs. In consideration of the current state, it might restrict the gNB configuration of SRS for positioning since multiple SRS resources within a SRS resource set should be configured intended to the same target neighbour cell/TRP. Considering that the transmission of the SRS resources included in the same set can be intended to different neighbor cells, support of the multiple path-loss reference RS per a SRS resource set is necessary, and an additional association with the path loss RSs and spatial relation information would be needed.

Proposal 3: 
· Support enhancements for open-loop power control at least including followings:
· Introduce multiple DL RS resources as path-loss reference to each SRS resource set.
· Introduce association method between the multiple path-loss reference RSs and SRS resource within a SRS resource set.

In Rel-16, NR positioning introduced transmission beam configuration of SRS resource for a target neighbour cell/TRP and power control considering a neighbour cell/TRP was specified, so that UE can transmit an SRS resource intended to a target cell/TRP. However, TA (Timing Advance) of SRS transmission is still based on the serving cell. The serving cell-based TA may cause an interference problem to a neighbour cell since the distance to the neighbour cell is farther than the serving cell, so Rel-17 NR positioning needs to consider cell/TRP-specific TA. In addition, the transmission timing change between SRS transmission occasions needs to be considered.

Proposal 4:
· For a SRS resource transmission intended to a neighbour cell, TA of the SRS resource should also be intended to the target neighbour cell. E.g., SRS resource-specific TA configuration.


Conclusion
In this contribution, we have discussed potential enhancements for UL-AOA positioning in Rel-17, and our proposals are summarized below. 

Observation 1:
· The staggering pattern allows to make longer ZC sequences than that of the non-staggering pattern.
· By making longer ZC sequences, more cyclic shift and root index can be used and the performance of cross-correlation also can be improved.
· The maximum sequence length depends on the symbol length and comb-size of a SRS resource.

Observation 2:
· According to the proposal 1, the phase shift problem can also be addressed. The phase shift is linearly increased as shown in Figure 2
· When ZC sequences which is longer than current specification is used for SRSp transmission with staggering pattern, the following mapping rules can be considered.
· Allocating each ZC sequence from lowest RE index to highest RE index within periodicity of staggering pattern.


Proposal 1:
· Support enhancement of using the ZC sequence with a long sequence length for the purpose of the better cross-correlation performance of SRS for positioning.
· For an SRS resource, generate a long sequence with the length of the existing sequence multiplied by the comb-size.
· A part of the long sequence is mapped to each symbol of the SRS resource

Proposal 2:
· Support enhancements for the following SRS sequence mapping rule to use longer SRS sequence of length 
· Depending on symbol length and comb-size, sequence length and mapping rule can be determined as below:
· If the symbol length >= Comb-size: :
· , 
· Else, :
· , 

Proposal 3: 
· Support enhancements for open-loop power control at least including followings:
· Introduce multiple DL RS resources as path-loss reference to each SRS resource set.
· Introduce association method between the multiple path-loss reference RSs and SRS resource within a SRS resource set.
[bookmark: _GoBack]
Proposal 4:
· For a SRS resource transmission intended to a neighbour cell, TA of the SRS resource should also be intended to the target neighbour cell. E.g., SRS resource-specific TA configuration.
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