
3GPP TSG RAN WG1 #97		R1-1906178
Reno, USA, 13th – 17th May 2019

Source:	vivo
[bookmark: Title]Title:	Discussion on UL RS for NR positioning
[bookmark: Source]Agenda Item:	7.2.10.2
[bookmark: DocumentFor]Document for:	Discussion and Decision
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1 meeting #96bis, the following agreements were achieved regarding UL RS for NR positioning [1]. 
Agreement:
Support the following configurations of SRS for positioning
· Semi-persistent configuration
· Periodic configuration
· Aperiodic configuration
Agreement:
For positioning, regarding the number of SRS symbols per resource, decide by RAN1#97 whether to increase the set of allowable number of SRS symbols per resource compared to the NR Rel-15 allowable set {1,2,4}. 
· If it is not decided to increase the number of SRS symbols per resource by RAN1#97, increasing the set of allowable number of SRS symbols per resource compared to the NR Rel-15 allowable set {1,2,4} will not be considered further after RAN1#97.
Agreement:
For positioning, regarding the possible SRS symbol locations per slot decide by RAN1#97 whether the SRS can be configured only in the last N symbols of a slot with N>6 
· If the above decision is not made by RAN1#97, configuring SRS only in the last N symbols of a slot with N>6 will not be discussed further after RAN1#97.
Agreement:
Select one or both of the following options to support staggered SRS transmissions for UL SRS positioning
· Staggered patterns (a collection of SRS symbols from the same antenna port with different offsets for at least some symbols) in a single SRS resource
· Configuration of the same antenna port for the transmission of SRS symbols in different SRS resources in a SRS resource set.
In this contribution, we present our views on UL SRS enhancements for positioning.
UL SRS enhancement for positioning 
During the study item, some enhancements of SRS for positioning were studied though no agreement on whether and which enhancements are needed.
SRS configuration enhancements
In NR Rel-15, in frequency domain, SRS is per BWP configured; while in time domain, SRS can be configured with maximum 6 symbols within a slot. According to different functionalities, SRS can be used for codebook based transmission, non-codebook based transmission, antenna switching and beam management. One or more SRS resource set(s) can be configured for a UE with one of the above usages. Each SRS resource set may involve one or more SRS resource(s), and each SRS resource may involve one or more SRS antenna port(s). In addition, SRS frequency hopping and carrier switching are also supported as in LTE.
To guarantee accuracy of positioning in different scenarios in NR, a flexible and extended SRS design is required as current SRS design is not sufficient. Firstly, SRS transmission locations may need to be extended to all the symbols in a slot to avoid interference and increase network capacity of simultaneous positioning users.  The flexible symbol location can provide the possibility to configure a flexible comb structure. For example, the comb structure of comb-8 and comb-12 can be additionally supported without the limitation of last 6 symbols for SRS. By the way, SRS configuration of extending symbols to all the symbols in a slot has already been agreed in NRU agenda in RAN1#96bis meeting as below:
Agreement:
Support RRC configuration of an SRS resource to start at any OFDM symbol within a slot by extending the RRC parameter startPosition of resourceMapping of SRS-Config for Rel-16 to have a value range 0..13.
Therefore, we prefer SRS for positioning purpose can also be transmitted on all symbols within a slot like SRS transmitted in NRU. 
Proposal 1: SRS resource can start on all symbols within a slot for positioning purpose. 
Secondly, for better positioning correlation performance and uplink coverage, a diagonal SRS pattern should be considered as depicted in Fig.1. Currently, a common SRS pattern is supported for one SRS resource. In order to support staggered pattern for one SRS resource, a new higher layer parameter to indicate the inter-symbol comb offset between SRS symbols may need to be introduced. Another option to support staggered SRS transmission is to configure different SRS resources with different comb offsets using the same antenna port in a SRS resource set. However, how to guarantee the phase continuity across different SRS resources would require extra RAN4 specification work. Furthermore, when configuring UL SRS beam sweeping for positioning, it is difficult to associate a unique SRS resource ID with one UE TX beam. In other words, multiple SRS resource sets would be introduced to support SRS beam sweeping for positioning if staggered SRS transmission is supported by configuring different SRS resources with the same antenna port in a SRS resource set. Compared these two options, we think the former is preferred. 
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Fig. 1 An example of SRS pattern for positioning
Proposal 2: Support SRS staggered patterns with inter-symbol comb offset among SRS symbols in a single SRS resource.
Thirdly, SRS spatial information indication mechanism for UEs with and without beam correspondence should be considered. When beam correspondence is held at UE side, SRS spatial information can be acquired by the DL channel; otherwise, SRS spatial information can be acquired by SRS beam sweeping. In addition to beam repetition off, beam repetition on should be supported to enhance positioning robustness as depicted in Fig. 2. 
[image: ]
Fig. 2 An example of SRS beam repetition for positioning
Proposal 3: SRS repetition on is supported.
Fourth, SRS comb structure may be also extended. In our contribution [2] in last RAN1#96b meeting, we evaluated the performance of some typical patterns of SRS with existing comb size and symbol number. Based on the simulation results, we draw a conclusion that the performance of various patterns is very close for indoor scenario; while for outdoor scenario such as UMi, there is a clear difference between different patterns. And the staggered pattern with 4 symbols of SRS should be considered for both indoor and outdoor scenarios.  
In this contribution, we compare the performance in UMi scenario of comb-4 patterns with extended comb structures such as comb-6, comb-8 and comb-12 as shown in Fig.3 to Fig.6 with the number of SRS symbol of 4, 6, 8, 12 respectively and with the same UE TX power.
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Fig.3 a staggered pattern of comb-4       Fig.4 a staggered pattern of comb-6
[image: ][image: ]
Fig.5 a staggered pattern of comb-8        Fig.6 a staggered pattern of comb-12
[bookmark: Pro12][bookmark: Pro9]The performance of extended comb structures together with comb-4 structure in the UMi scenario is shown in Fig.7.
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Fig.7 SRS positioning performance for extended comb structure in UMi scenario
It can be seen from above figures, in outdoor scenarios, the performance is significantly improved when configured with large comb size and increased SRS symbols. When the transmission power is the same, each RE is assigned more power under large comb size,  so that the hearability of neighboring cells can be increased. Therefore, increasing the comb size of SRS should be considered, especially for outdoor scenarios. 
In NR, the minimum and maximum SRS bandwidth is 4 RBs and 272 RBs respectively. The minimum resource allocation granularity is 4 RBs for SRS. Different comb sizes correspond to different ZC sequence lengths under the same bandwidth. Note that, when the length is smaller than 36, the supported ZC sequence lengths in NR are 6, 12, 18, 24 and 30. The required sequence lengths for different bandwidths with different comb sizes are shown in the following table. 
	
	4 RB
	8 RB
	12 RB
	16 RB
	20 RB
	24 RB
	28 RB
	32 RB
	36 RB

	Comb-6
	8
	16
	24
	32
	40
	48
	56
	64
	72

	Comb-8
	6
	12
	18
	24
	30
	36
	42
	48
	54

	Comb-12
	4
	8
	12
	16
	20
	24
	28
	32
	36


It is observed from this table, the required sequence length of comb-6 and comb-12 structure cannot match the length of ZC sequence under certain bandwidth such as 4 RB, 8 RB or 16 RB. While for comb-8, all sequence lengths under all bandwidths can be supported by the existing ZC sequence in NR, which is the same as exisiting comb size of 4 and 2. Therefore, SRS comb-8 structure should be supported for positioning.
Proposal 4: SRS comb-8 structure should be additionally supported for positioning.
In order to avoid secondary cross-correlation peaks cause by RE holes in frequency domain, the number of SRS symbols should also be extended to 8 symbols corresponding to comb-8 structure. We propose to increase the number of OFDM symbols of SRS to 8 symbols.
Proposal 5: SRS with 8 symbols should be additionally supported for positioning.

Based on the discussion above, we prefer to introduce a separate SRS resource set for positioning rather than reuse existing SRS functionality 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 6: SRS resource set with usage of ‘positioning’ is supported.
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 [3]. 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 [3], 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. 6 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 7: In addition to ZC sequence, support to reuse pi/2- BPSK and CGS sequences 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 can start on all symbols within a slot for positioning purpose. 
Proposal 2: Support SRS staggered patterns with inter-symbol comb offset among SRS symbols in a single SRS resource.
Proposal 3: SRS repetition on is supported.
Proposal 4: SRS comb-8 structure should be additionally supported for positioning.
[bookmark: _GoBack]Proposal 5: SRS with 8 symbols should be additionally supported for positioning.
Proposal 6: SRS resource set with usage of ‘positioning’ is supported.
Proposal 7: In addition to ZC sequence, support to reuse pi/2- BPSK and CGS sequences agreed in Rel-16 MIMO for SRS sequence generation for positioning.
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