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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Many agreements have been achieved in last meeting. There are some remaining issues on UL SRS for positioning need to be discussed. In this contribution, we present our views on UL SRS enhancements for positioning.
UL SRS 
UL SRS usage
In NR Rel-15, four usage of SRS, including beamManagement, codebook, nonCodebook and antennaSwitching are specified as below.
· nonCodebook and Codebook are aimed at the transmission of PUSCH. The SRS is transmitted for channel sounding of the serving cell. The nonCodebook SRS usage is restricted to a single SRS resource set made of up to 4 1-port SRS resources. The Codebook SRS usage is restricted to a single resource set made of up to two SRS resources.
· beamManagement is aimed at identifying suitable beam candidates. In this usage, only one resource per resource set may be transmitted at a given time instant. The SRS resources in different SRS resource sets with the same time domain behaviour in the same BWP may be transmitted simultaneously.
· Antenna switching is aimed at reciprocity-based DL CSI acquisition via SRS carrier switching. If the indicated UE capability is 't1r2', 't2r4', 't1r4', 't1r4-t2r4', the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same slot. If the indicated UE capability is 't1r1', or 't2r2', or 't4r4' the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same symbol.
Looking at the above definitions, all the existing usages are difficult to use for the positioning SRS which may be configured with different pathloss reference and QCL for the serving and neighbouring cells. Furthermore, more SRS resource set and SRS resource for positioning is proposed, so that a flexible and extended SRS design can be made to guarantee uplink positioning accuracy. Therefore, SRS resource set with usage of ‘positioning’ is supported.
Proposal 1: SRS resource set with usage of ‘positioning’ is supported.
UL SRS pattern
In the 98bis meeting, the following agreement was reached.
	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





There are three alternatives to be chosen for comb 4 and comb 8.
· Alt 1: stair type, such as {0, 1, 2, 3}. It is easy to implement and can be flexibly assigned.
· Alt 2: Non-stair type, such as {0, 2, 1, 3}. There’s argument that it may increase coverage when some symbol(s) are punched. However, we think this benefit actually depends on which symbols are punched. For example, when the 1st and 3rd symbols are punched, Alt 2 is worse than Alt 1.
· [bookmark: _Hlk24011949][bookmark: _Hlk24011994]Alt 3: stair type with G consecutive REs, such as {0, 0, 1, 1, 2, 2, 3, 3}. There’s argument that this allows better coexistence with Rel-15 SRS. First of all, it is not clear whether such coexistence is need as SRS for positioning can be allocated to symbols always not overlapping with Rel-15 SRS. Furthermore, it is impossible to always FDM with Rel-15 SRS resource without some collisions in some cases (Fig.1 below shows an example of colliding with Rel-15 SRS REs). In addition, when ‘groupHopping’ is not configured, the consecutive symbols with the same RE offset will generate severe secondary cross correlation peak interference, which can be observed from Fig.2 - 4. Therefore, this alternative will limit the usage of “groupHopping”, and then the ability of randomize interference will be further weakened.  
[image: ]
[bookmark: _GoBack]Fig.1 an example of stair type with G consecutive REs
[image: ][image: ]
Fig.2 Correlation performance between {0,0,1,1,2,2,3,3} and {0,1,2,3,0,1,2,3} for comb-4 structure when ‘group hopping’ and ‘sequence hopping’ is not configured
[image: ][image: ]
Fig.3 Correlation performance between {0,0,1,1,2,2,3,3} and {0,1,2,3,0,1,2,3} for comb-4 structure when ‘sequencehopping’ is configured
[image: ][image: ]
Fig.4 Correlation performance between {0,0,1,1,2,2,3,3} and {0,1,2,3,0,1,2,3} for comb-4 structure when ‘grouphopping’ is configured
According to the above analysis, the benefit of Alt 2 and Alt 3 is difficult to justify. Alt 1 has obvious merit as fewer configuration bits in high-layer signaling and lower implementation complexity. We don’t think a configurable number of consecutive symbols with the same offset is needed and prefer to support Alt 1. For repetition, we support cyclic repetition.
Proposal 2: Stair type, such as {0, 1, 2, 3} should be supported.
Proposal 3: Support with cyclic repetition of the comb pattern when the number of symbols in the resource exceeds the comb size.
In the following simulation, we also evaluate the performance of comb-8 with 12 symbols and comb-4 with 12 symbols. It is observed that the performance of comb-8 with 12 symbols is very close to that of comb-4 with 12 symbols. However, comb-8 has lower resource consumption and can accommodate more UEs transmitting SRS simultaneously. Therefore, we propose to support comb-8 with 12 symbols. Given comb-4 with 2 symbols had been supported. We propose to support comb-8 with 4 symbols as well. Even though it has the same resource occupancy ratio, but the number of UEs transmitting simultaneous will increase.
[image: ][image: ]
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Fig.5 Positioning performance between comb-4 and comb-8 with 12 symbols in UMi scenario
Proposal 4: Comb-8 with 12 symbols and comb-8 with 4 symbols should be supported.
UL SRS sequence ID
[bookmark: Pro12][bookmark: Pro9]In order to randomize the interference between UEs, ‘group hopping’ and ‘sequence hopping’ are introduced when SRS sequence is generated.  The sequences applied to SRS are based on ZC sequence, and ZC sequence further generates base sequence and SRS sequence, where is group number and  is sequence number. The sequence group , where  is SRS sequence identity given by the higher layer parameter sequenceId and  is a formula used to generate ‘group hopping’ which is related to a pseudo-random sequence initialized with  . For a more detailed description of SRS sequence generation, please refer to the appendix. 
In current specification [4], SRS sequence identity  is limited to 10 bit length. The length of may be increased considering that the number of UE increase a lot when SRS used for positioning. However, due to the limited number of ZC sequences, increasing the length of the  does not increase the available sequence number like PN sequence. Therefore, this way doesn’t distinguish more UEs. However, we found that when ‘group hopping’ or ‘sequence hopping’ is applied, increasing the length of makes the group number corresponding to all sequence IDs more average, so the interference between UEs is more random. We did some evaluations about of 10 bits and 16 bits when ‘group hopping’ is applied and compared the distribution of group number  on the same symbol. 
[image: ][image: ]
Fig.6 Group number distribution of 10 bits       Fig.7 Group number distribution of 16 bits
It can be seen from the above figures, for  of 16 bits, the group number  is evenly distributed between 0 and 30. While for  of 10 bits, the group number  distributed in each interval is quilte different. In some cases, more UEs share the same SRS group number, resulting in severe interference. Therefore, increasing the length of makes the group number more average and the interference between UEs more random. 
Proposal 5: For positioning purpose, the length of SRS sequence ID should be increased to 16 bits.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]SRS spatial relation information

	Agreement:
· For positioning purposes, for UL Beam management/alignment towards serving cell, support configuration of a spatial relation between a reference DL RS from serving cell and the target SRS for positioning. The Reference DL RS that can be used are SSB, CSI-RS (NZP-CSI-RS-ResourceId), or DL-PRS for positioning.
· For positioning purposes, for UL Beam management/alignment towards neighbouring cells, support configuration of a spatial relation between a reference DL RS from neighbouring cells and the target SRS for positioning. The Reference DL RS that can be used are SSB or DL-PRS.
· FFS: CSI-RS for RRM as the reference DL RS
Agreement:
For the purpose of power control of the SRS for positioning purposes (for all positioning solutions using SRS when DL-PRS is available), support configuring a DL-PRS (in addition to SSB which has already been agreed) of a neighbouring cell to be used as DL path loss reference. 
· Note: UE support of DL-PRS as a DL pathloss reference can be discussed as part of UE capability discussions
Final LS approved in R1-1911634
· RAN1 assumes that the SRS for positioning configuration will be included in the RRC configuration of a UE and that it is up to RAN2 and RAN3 WG’s scope to analyze further the system level aspects along with any further work on the design of higher layer signaling.


According to the above agreement, it is required to have some new parameters to additionally indicate an SSB or CSI-RS from a neighbouring cell, or a DL PRS from a serving or a neighbouring cell. SRS for positioning configuration is assumed in RAN1 to be included in the RRC configuration as in R1-1911634. So, it needs to be further clarified that spatialRelationInfo is configured in RRC as part of SRS for positioning configuration. Note that how the serving cell to obtain the configurations of the DL PRS from the neighbouring cells and the information about signal’s spatial relation and beam angle from neighbouring cells would be in RAN2 and RAN3’s scope.   
Proposal 6: The spatialRelationInfo RS is configured in RRC as part of SRS for positioning configuration.
SRS pathloss reference information
Pathloss reference Information
	Agreement:
For the purpose of power control of the SRS for positioning, if a DL reference signal is to be used as DL path loss reference, the following is provided to the UE by higher layers for each required TRP (e.g., serving and neighbours):
· If the DL reference signal to be used as DL path loss reference is a SSB, provide the ss-PBCH-BlockPower.
· Note: The ss-PBCH-BlockPower is currently defined as average EPRE of the resource elements that carry secondary synchronization signals in dBm that the TRP use for SSB transmission (see TS 38.213, clause 7; range currently defined as INTEGER (-60..50)).
· If the DL reference signal to be used as DL path loss reference is a DL-PRS, provide the dl-PRS-Resource-Power.
· The dl-PRS-Resource-Power is defined as average EPRE of the resources elements that carry DL-PRS Resource signals in dBm that the TRP uses for DL-PRS Resource transmission.
· FFS: CSI-RS transmit power indication if CSI-RS is agreed as a pathloss reference.



According to the LS approved in R1-1911634, SRS for positioning configuration is configured in the RRC. So, the pathlossReferenceRS and dl-PRS-Resource-Power of the serving and neighbouring cell(s) should be configured in RRC as part of SRS for positioning configuration.
Proposal 7: The pathlossReferenceRS and dl-PRS-Resource-Power of the serving and neighbouring cell(s) is configured in RRC as part of SRS for positioning configuration.
 The number of pathloss references
	Agreement : (RAN1 98b)
1. The number of distinct pathloss references that a UE can simultaneously maintain for SRS for positioning resource sets can be smaller than the number of configured SRS for positioning resource sets. 
1. A UE does not expect to simultaneously maintain more than N additional pathloss estimates across all SRS resource sets for positioning, in addition to the up to four pathloss estimates per serving cell currently specified for PUSCH/PUCCH/SRS transmissions.
1. FFS: Value of N
1. There is at most one pathloss reference per SRS resource set configured.
Note: The value of N can be decided at RAN1#99 or as part of UE capability discussions.


In Rel-15, up to four pathloss estimates per serving cell are currently specified for PUSCH/PUCCH/SRS transmissions for a UE. There’s argument in RAN1#98b that current up to 4 SRS pathloss references specified in Rel-15 for serving cell may be used towards neighboring cell(s). However, we think this may adversely affect the SRS transmission for non-positioning purpose. Note that the motivation of configuring some additional pathloss estimates across all SRS resource sets for positioning is to control UE’s transmission power targeting at neighboring cell(s). Considering the practical usage case and potential UE capability impact, we think 4 additional pathloss estimates across all SRS resource sets for positioning is reasonable.
Proposal 8: A UE does not expect to simultaneously maintain more than four additional pathloss estimates across all SRS resource sets for positioning, in addition to the up to four pathloss estimates per serving cell currently specified for PUSCH/PUCCH/SRS transmissions.
the max number of SRS for positioning
	Agreement:
· UE can be configured to transmit up to Y1 SRS resources for positioning per SRS resource Set
· UE can be configured to transmit up to Y2 SRS resources for positioning across all SRS resource Sets
· UE can be configured to transmit up to total Y3 SRS Resource Sets for positioning
· FFS: Y1, Y2, Y3
· FFS: whether Y1 and/or Y2 and/or Y3 are per BWP or all BWPs 
Agreement:
For each SRS resource for positioning, only a single RS resource for spatial relation can be provided per resource.
Support configuration of a spatial relation between two SRS resources for positioning.
Agreement:
There is at most one pathloss reference per SRS resource set configured.


In Rel-15, a UE can be configured to transmit up to total 16 SRS Resource Sets and up to 16 SRS resources per set. Considering SRS for positioning in Rel-16, both power control and spatial relation aiming to neighboring cell(s) are supported. Given that spatial relation can be configured per resource and pathloss reference can be configured per resource set, the maximum number of SRS resource and/or SRS resource set should be increased.
Note that when a resource set is configured with a pathloss reference of a neighboring cell, it is most likely that at least one resource from that resource set is aiming to that neighboring cell. So we think increasing the maximum number of SRS resource set for positioning would fulfill the purpose. Therefore, we propose the following.
Proposal 9: UE can be configured to transmit up to 16 SRS resources for positioning per SRS resource Set per BWP
· UE can be configured to transmit up to 128 SRS resources for positioning across all SRS resource Sets on all BWPs
· UE can be configured to transmit up to total 32 SRS Resource Sets for positioning per BWP
New sequence generation
In LTE and NR Rel-15, SRS sequence generation is based on ZC sequence, as ZC sequence has good auto correlation, cross correlation and PAPR properties. However, in NR Rel-16, to reduce PAPR for UL with transform precoding on and pi/2-BPSK modulation, new DMRS sequence are introduced. For new DMRS sequence, when sequence length is larger or equal to 30, Gold sequence is used; otherwise, CGS is used. 
During the SI, it has been clearly shown by multiple sources that the UL positioning performance is much worse than that of DL especially for UMa scenario [5]. One reason we believe is the limited transmit power of UE and hence limited UL coverage for positioning. Thus, motivated by the usage of new DMRS sequence for NR in Rel-16, we investigate the performance of SRS for positioning with different sequence generation.   
Similar to the low PAPR DMRS sequence design in Rel-16, SRS sequence generation can also reuse the new DMRS sequence to further reduce PAPR. Additionally, due to low PAPR property, SRS coverage and positioning accuracy would be enhanced. The PAPR performance comparison between ZC sequence and Gold sequence are depicted in Fig. 8. From the evaluation, it can be seen that Gold sequence provides better PAPR performance than ZC sequence.  
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Fig. 8 PAPR performance between ZC and Gold sequence
Based on the UTDOA evaluation assumption of UMi scenario in [4], we further evaluate positioning performance between ZC sequence and Gold sequence above. Since the PAPR of Gold sequence above is lower than ZC sequence, it can be assumed that if Gold sequence is used as the uplink positioning sequence, the maximum transmit power of the UE can be improved compared to using ZC sequence. 
For fair comparison, we select 60 UEs with limited positioning performance due to low uplink coverage. Take the results of PAPR performance in Fig. 8 into account, we first compare the positioning performance of the two sequences in the case where the transmit power of Gold sequence is 1 dB higher than that of ZC sequence which is depicted in the left side of Fig. 9. It is observed that 1 dB boosting of transmission power lead to a better performance of Gold sequence than that of ZC sequence. When the transmit power of Gold sequence is improved by 2 dB, while ZC sequence still maintains the original transmit power, an even larger performance gain of Gold sequence with 2 dB boosting is observed. It is confirmed that the uplink positioning sequence with lower PAPR can achieve better positioning performance, especially in the case where the uplink coverage is limited. Therefore, based on our evaluation results, we propose to reuse DMRS sequence for DFT-s-OFDM waveform based PUSCH for pi/2-BPSK modulation agreed in Rel-16 for SRS sequence generation for positioning.
In addition, the pi/2-BPSK modulation sequence which is based on the Gold sequence has large sequence size compared to ZC sequence. This property is beneficial for positioning as it can guarantee different sequences for different UEs.
 [image: ][image: ]
Fig. 9 Positioning performance between Gold sequence (1dB (left) and 2dB (right) transmit power boosting) and ZC sequence
[bookmark: Pro11]Proposal 10: In addition to ZC sequence, support to reuse low PAPR RS agreed in Rel-16 MIMO for SRS sequence generation for positioning.
There is no need to search any new sequence if reusing the existing DMRS sequence for DFT-s-OFDM based PUSCH. Thus only a new signaling for UE is needed to indicate the sequence currently in use. This will not introduce too much signaling overhead at all especially if the SRS sequence indicator is contained in the RRC signaling for positioning. The gNB RX procedure can be the same as the existing SRS.
Conclusion
In this contribution, we discuss UL SRS enhancements for positioning with the following proposals:
Proposal 1: SRS resource set with usage of ‘positioning’ is supported.
Proposal2: Stair type, such as {0, 1, 2, 3} should be supported.
Proposal 3: Support with cyclic repetition of the comb pattern when the number of symbols in the resource exceeds the comb size. 
Proposal4: Comb-8 with 12 symbols and comb-8 with 4 symbols should be supported.
Proposal5: For positioning purpose, the length of SRS sequence ID should be increased to 16 bits.
Proposal6: The spatialRelationInfo RS is configured in RRC as part of SRS for positioning configuration.
Proposal7: The pathlossReferenceRS and dl-PRS-Resource-Power of the serving and neighbouring cell(s) is configured in RRC as part of SRS for positioning configuration.
Proposal8: A UE does not expect to simultaneously maintain more than four additional pathloss estimates across all SRS resource sets for positioning, in addition to the up to four pathloss estimates per serving cell currently specified for PUSCH/PUCCH/SRS transmissions.
Proposal 9: UE can be configured to transmit up to 16 SRS resources for positioning per SRS resource Set per BWP
· UE can be configured to transmit up to 128 SRS resources for positioning across all SRS resource Sets on all BWPs
· UE can be configured to transmit up to total 32 SRS Resource Sets for positioning per BWP
Proposal 10: In addition to ZC sequence, support to reuse low PAPR RS agreed in Rel-16 MIMO for SRS sequence generation for positioning.
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