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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we present our views on various aspects of SRS design for NR positioning. Some related UE behaviors and physical layer procedures for UL-based positioning are discussed in our companion paper [1].
[bookmark: _Ref129681832]Discussion 
SRS positioning usage
In Rel. 15 NR, SRS resources were grouped into SRS resource sets. Four different usages are introduced for SRS resource sets [2], [3]: “BeamManagement” to train and determine the UL transmission beam, “codebook” and “noncodebook” to respectively determine appropriate codebook-based and noncodebook-based UL precoders and “antennaSwitching” for the purpose of DL CSI acquisition. Note that some SRS configurations, UE behaviors, and physical layer procedures can be different for different usages [2]. When developing NR SRS, the positioning usage was not considered and the required SRS configurations, UE behaviors and the physical layer procedures were not studied. As discussed in our companion paper [1], SRS configurations, UE behaviors, and the physical layer procedures pertaining to the current four Rel. 15 NR SRS usages are not always suitable for the purpose of UL-based positioning. As such, it has been proposed by multiple sources to define a new “positioning” usage for Rel. 16 NR SRS and support the necessary configurations, UE behaviors, and physical layer procedures corresponding to the “positioning” usage in Rel. 16 NR specifications. 
In some scenarios, a SRS with a Rel. 15 NR usage may be reusable for the purpose of positioning measurements. For instance, there are scenarios where beamforming towards the serving or neighboring cells is not necessary (e.g., in FR1) and the SRS transmit power and time advance do not need to be modified to facilitate SRS detection at the designated neighboring cells. In such a scenario, a SRS with a Rel. 15 usage can also be used for the purpose of Rel. 16 NR positioning measurements. Thus, the UE should be able to use SRS for positioning even if the SRS is configured for another usage. However, there are plenty of scenarios where having an SRS usage is necessary: Unlike in Rel. 15 usages, SRS for positioning needs to be measured at the neighboring cells. As such, UE may need to form its Tx beam to the target neighboring cells in FR2. There is no mechanism in Rel.15 SRS usages to enable UE to perform such a Tx beamforming towards the neighboring cells. Moreover, for all Rel. 15 NR SRS usages, the transmit power procedure relies on the fact that the SRS receiving node is a serving cell. However, as the SRS for positioning purposes needs to be detected at the neighboring cells whose distance to the UE are typically larger than that of the serving cell to the UE, the power control mechanism used for Rel. 15 NR SRS usages is not in general suitable for the positioning purposes.  A similar observation can be made for the SRS time advance: Due to a larger propagation delay towards a neighboring cell, the time advance used for the transmission of Rel. 15 NR SRS resources is not in general sufficient for the positioning purposes. 
One concern with adding a “positioning” usage is that if an independent “positioning” usage is introduced for Rel. 16 NR SRS, then a SRS resource that is configured with a current Rel. 15 NR usage may not be reusable for the purpose of positioning in scenarios where a Rel. 15 NR SRS is deemed suitable to be also used for the positioning purpose.  We do not view this as an issue: Table 1 shows a snippet of SRS-Config IE [3] and shows that this IE sets up UE with two independent lists: one list including srs-ResourceSets and another list including srs-Resources.  Then, each srs-ResourceSet includes a list of srs-ResourceIds. Such a configuration provides the flexibility that the same srs-Resource to be included in two different SRS resource sets with potentially different usages. 
[bookmark: _Ref6997510]Table 1: srs-ResourceSet and srs-Resource set up in SRS-Config IE
	-- ASN1START
-- TAG-SRS-CONFIG-START

SRS-Config ::=                          SEQUENCE {
srs-ResourceSetToReleaseList            SEQUENCE (SIZE(1..maxNrofSRS-ResourceSets)) OF SRS-ResourceSetId    OPTIONAL,   -- Need N
srs-ResourceSetToAddModList             SEQUENCE (SIZE(1..maxNrofSRS-ResourceSets)) OF SRS-ResourceSet      OPTIONAL,   -- Need N
    srs-ResourceToReleaseList               SEQUENCE (SIZE(1..maxNrofSRS-Resources)) OF SRS-ResourceId          OPTIONAL,   -- Need N
    srs-ResourceToAddModList                SEQUENCE (SIZE(1..maxNrofSRS-Resources)) OF SRS-Resource            OPTIONAL,   -- Need N
    tpc-Accumulation                        ENUMERATED {disabled}                                               OPTIONAL,   -- Need S
    ...
}

SRS-ResourceSet ::=                     SEQUENCE {
    srs-ResourceSetId                       SRS-ResourceSetId,
    srs-ResourceIdList                      SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-ResourceId    OPTIONAL,   -- Cond Setup



If a new “positioning” usage is introduced in Rel. 16 NR, an SRS resource that is configured in an SRS resource set with a Rel. 15 usage can still be reused for positioning if its configuration deemed appropriate for positioning measurements in a particular scenario: It is only required to add the srs-ResourceId of that SRS resource to the srs-ResourceIdList field of a srs-ResourceSet that is configured with the “positioning” usage.  
Observation 1: A SRS Resource with a Rel. 15 usage can be reused for a Rel. 16 NR positioning by adding its srs-ResourceId to the srs-ResourceIdList field of a SRS-ResourceSet that is configured with the “positioning” usage. 
As such, we propose the following.
Proposal 1: A SRS positioning usage is defined.
SRS Resource Mapping
[bookmark: _Ref7023742]Number of SRS symbols per resource
The following agreement was reached for the number of symbols per SRS resource at RAN1 #96b [4]:
	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.



The rationale behind increasing the number of SRS symbols per SRS resource is to increase the SRS coverage for UL-based positioning. SRS coverage is an important issue for UL-based positioning as the SRS needs to be detected by neighboring gNBs typically farther away than the serving gNB.  Before making a decision on increasing the number of SRS symbols, the following questions need to be answered: 
1. What are the possible impacts of increasing SRS symbols per resource regarding the standardization efforts and with respect to the reusability for other SRS usages? 
2. Are there other alternative solutions to increase the SRS coverage with relatively less impact? 
3.  How much gain increasing the number of symbols per resource may provide in terms of the measurement accuracy in agreed scenarios in [6]?

· Some impacts of increasing the number of SRS symbols per resource for positioning: 
a. Reusability: the current Rel. 15 NR SRS usages support If SRS resource for positioning is configured with > 4, it may not be reused for Rel. 15 NR SRS usages unless the  for Rel.15 NR SRS usages is also increased. 
b. Standardization effort: Increasing  can have impact on other SRS resource mapping and sequence design aspects described in [5]. Note that, for instance, SRS sequence hopping, group hopping, and frequency hopping depend on the SRS symbol index and all these design aspects may need to be revisited and modified if  is supported. This, in essence, may result in two SRS sequence designs for NR Rel. 15 and NR Rel. 16 Positioning. Such a situation should be avoided. Note also that if > 6 is agreed, the impact of increasing the number of SRS symbols per resource is further exacerbated since  > 6 requires increasing the possible SRS symbol locations per slot. 

· Alternative solutions to increase SRS coverage:
a. Multiple SRS resource transmission from the same antenna port on adjacent symbols: A simple alternative solution to increase the SRS coverage for positioning purposes is to transmit two or multiple adjacent SRS resources from the same antenna port within the current possible last 6 symbols of a slot. This can effectively increase the maximum SRS symbols from 4 to 6; resulting in at least 50 percent increase in total SRS received energy at the network side without any impact on the sequence design or the resource mapping in [5]. Further, each and every of the adjacent SRS resources may be potentially used for other Rel. 15 usages if necessary. The only specification effort is to determine the UE behavior so that when two or multiple adjacent SRS resources are configured for the positioning purpose, the UE is expected to transmit them from the same antenna port. 
b. Other solutions: Our companion paper [1] presents multiple physical layer procedures such as beam alignment towards neighboring cells and cell-specific power control that directly increase the SRS coverage. Moreover, the cell-specific time advance solution described in [1] indirectly increases the SRS coverage as it prevents UL interference from the neighboring cells to the positioning SRS. None of these solutions have any impact on SRS sequence design or resource mapping. 

· Performance gain due to increasing the number of SRS symbols per resource: 
We present our simulation results for quantifying the gain in increasing the number of SRS symbols. In Figure 1, for the UMi scenario, we compare the location error for 4 and 8 symbols.  The simulation assumptions are described in [6]. The evaluation results show a negligible gain for 8-symbol SRS over 4-symbol SRS. 
[image: ]
[bookmark: _Ref7181348]Figure 1 Simulation results for UTDOA in UMi
Observation 2: 8-symbol SRS resource does not improve location accuracy over 4-symbol SRS resource for the UMi scenario.
Based on the above analysis and evaluation results, increasing the number of SRS symbols per resource for positioning should not be supported. 
Proposal 2: For positioning purposes, the number of SRS symbols per resource is the same as in Rel. 15 NR. 
[bookmark: _Ref7077549]Possible SRS symbol locations per slot
The following agreement was reached at RAN1 #96b regarding the possible SRS symbol locations per slot [4]:
	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.



It has been proposed to increase the possible SRS symbol locations to N>6 last symbols of the slot. The rationale behind this is to increase the number of SRSs. This, however, creates significant design issues:
1) Many scenarios do not require increasing the number of SRSs: An important use case for UL-based positioning is where the location of a few UEs per cell need to be known.  In such a case, a limited number of SRS is needed. In addition, the Rel. 15 NR SRS capacity is already quite large: UL-based positioning can at least support 600 UEs in a common active BWP and without any inter-SRS interference if these UEs are configured with a 100 slot SRS periodicity and a 2-symbol SRS resource of comb-2.  It is unclear why a larger number of SRSs would be needed. Note that this is based on the assumption that the configured SRS BWs are equal to the common active BWP. If SRS BWs are equal to, for instance, half of the common active BWP, the number of supported UEs increases to 1200.    
2) Impact on the reusability and the 3GPP specifications: Similar to our discussion in Section 2.2.1, if the number of SRS symbol locations for positioning purposes is increased, there is potentially large specification impact on other aspects of the SRS resource mapping and sequence design. 
3) Inter-cell interference: SRS resources that are transmitted outside of the last 6 symbols of the slot collide with the PUxCH of the neighboring cells. Note that, unlike Rel. 15 NR SRS usages, a collision with the PUxCH of the neighboring cells is particularly harmful to the positioning accuracy as the positioning SRS needs to be detected by the neighboring cells. 

Based on the above analysis, we propose the following.
[bookmark: _GoBack]Proposal 3: For positioning purposes, the possible SRS symbol locations per slot are the same as in Rel. 15 NR.
SRS transmission comb 
It has been proposed in RAN1 #96b by some sources to increase the supported transmission comb values to more than the currently supported comb-2 and comb-4. The justification for such modification is twofold:
1) Increasing SRS coverage for positioning purposes: It has been argued that an increased transmission comb value facilitates power boosting and, hence, increases SRS coverage. However, the SRS coverage and accuracy of the positioning measurement at the receiving point are related to the total received energy per SRS resource. To evaluate whether or not increasing the transmission comb value would increase the SRS coverage, we should consider SRS resource 1 and SRS resource 2 with the same number of symbols and the same BW but with different transmission combs. If, for instance, SRS resource 1 has comb-4 while SRS resource 2 has comb-8, power boosting can potentially be used for SRS resource 2 to increase its EPRE to twice as much as the EPRE of SRS resource 1. However, at the same time, the number of REs of SRS resource 2 over the whole SRS BW is halved; resulting in an equal total transmit power for SRS resource 1 and SRS resource 2. As such, we do not believe that increasing SRS transmission comb values would have any impact on the SRS coverage. It is also noteworthy that the SRS power boosting beyond a certain level may cause some implementation complexities due to a substantial transmit power level difference between SRS and PUxCH.
2) Increasing the SRS capacity for positioning purposes: It has been argued that an increased transmission comb value would provide the possibility of configuring more SRS resources per symbol, therefore resulting in an increased SRS capacity. However, as discussed in Section 2.2.2, the capacity of Rel. 15 NR SRS is sufficient to support UL-based positioning use cases.. 

Thus, we propose to use the comb values of Rel-15. 
Proposal 4: For positioning purposes, the supported SRS transmission comb values are the same as Rel. 15 NR.
Staggered SRS transmission
In RAN1 #96b, the following agreement was reached on staggered SRS transmission [4]:
	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.



Staggered SRS patterns within a SRS resource have significant issues:
1) Reusability: Staggered pattern in a SRS resource is not supported in Rel. 15 NR. As such, if a positioning SRS resource has a staggered pattern, it cannot be reused for Rel. 15 NR use cases unless supporting a staggered pattern within a SRS resource is extended to those use cases. Even if a staggered pattern within a SRS resource is extended to other Rel. 15 NR SRS use cases, still a Rel. 15 UE would not support it. We believe that such drawbacks should be avoided when an alternative approach to support the staggered pattern is available. 
2) Standardization effort: Supporting staggered pattern within a SRS resource fundamentally changes the SRS resource mapping and substantial standardization work is required to work out all the entailing detailed changes during the next three WI meetings. We do not believe it is an advisable approach to support the staggered SRS pattern within a SRS resource when a much simpler alternative is available. 
3) No performance gain: There is no positioning accuracy gain in using staggered SRS within a resource in comparison to using staggered SRS across multiple resources on adjacent symbols transmitted from the same antenna port. As long as the receiving node at the network side coherently combines the SRS symbols that are transmitted from the same antenna port, it is immaterial whether or not these symbols are configured within a single resource or across multiple resources. 

Alternatively and as discussed, staggered SRS patterns can be supported by configuring multiple staggered SRS resources on adjacent symbols. Each of the SRS resources may be used for other Rel. 15 usages if the network sees it as necessary/appropriate. Moreover, current Rel. 15 NR SRS resource mapping supports such a solution and no standardization effort is required to modify SRS resource mapping. The only required standardization is to determine the UE behavior that if multiple adjacent SRS resources are configured for positioning purposes, the UE is expected to transmit these resources from the same antenna port. As such, we support the second option in the above RAN1 #96b agreement.
Proposal 5: staggered SRS transmissions for UL SRS positioning is done by configuring the same antenna port for the transmission of SRS symbols in different SRS resources in a SRS resource set. No staggered SRS is defined in Rel-16.
SRS Sequence ID
In Rel. 15 NR specification, the SRS sequence is based on the Zadoff-Chu sequence given by , where  and  are respectively the sequence group and sequence number in the group that jointly determine the root of the Zadoff-Chu sequence [5].  and  depend on the value of the higher layer parameter groupOrSequenceHopping and their calculation formulae are brought in the following Table 2 that captures the relevant parts from Clause 6.4.1.4.2 of [5].  As can be observed from Table 2, both  (if  and  are functions of the higher layer parameter sequenceId  . The length of  is limited to 10 in Rel. 15 NR, i.e., the total number of different SRS sequences of the same length is limited to 1024. This may be enough for UEs within one cell. However, the requirement is different for NR positioning where the gNB is expected to receive SRS from a UE in a neighboring cell and therefore SRS sequence distinction is needed within a wider range than a single cell coverage. As such, increasing the available number of SRS sequences is beneficial in terms of reducing SRS collision and further mitigating the UL interference. 

[bookmark: _Ref7091273]Table 2: Sequence group and sequence number calculation 
	

The sequence group  and the sequence number  in clause 5.2.2 depends on the higher-layer parameter groupOrSequenceHopping in the SRS-Config IE. The SRS sequence identity  is given by the higher layer parameter sequenceId in the SRS-Config IE and  is the OFDM symbol number within the SRS resource.
· if groupOrSequenceHopping equals 'neither', neither group, nor sequence hopping shall be used and 


-	if groupOrSequenceHopping equals 'groupHopping', group hopping but not sequence hopping shall be used and 



	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame.
-	if groupOrSequenceHopping equals 'sequenceHopping', sequence hopping but not group hopping shall be used and




	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame.



The gold sequence that is used to determine  and  in Table 2 is initialized by setting   to . As described in Clause 5.2.1 of [5],  is a 31-bit sequence and setting   to   underutilizes  by setting its last 21 MSBs to zero. Therefore, increasing the length of  to any binary sequence with the length less than or equal to 31 bits does not result in any overflow of  or any other specification impact. Note that the same gold sequence   is also used to generate UL DMRS and is initialized by a 16 bit sequence ID. 
Based on the above analysis, we conclude that increasing the length of  to support more distinct SRS sequences does not require any other RAN1 specification change. In our view, a value of [16] bits should be more than enough. Therefore, we have the following proposal:
Proposal 6: Increase the bit width of the parameter sequenceId of the SRS resource configuration to [16] bits.
SRS Bandwidth and Configured UL BWPs
The NR UE is configured with up to 4 UL BWP per serving cell. Each active serving cell has only one active UL BWP at a time that can be dynamically switched by a DCI.  Each configured UL BWP can contain a SRS-Config IE that configures one or multiple SRS resource sets each of which further consisting of one or multiple SRS resources. For an active serving cell, the UE can only transmit SRS resources that are configured in the active UL BWP [4]. Note that, using the SRS carrier switching feature, the SRS can be transmitted in a cell that is not configured for a PUSCH/PUCCH transmission. Carrier switching is supported for inter-band and intra-band carrier aggregation [2]. SRS transmission in the dynamically switchable active UL BWP along with the SRS carrier switching feature provides a substantial flexibility in the SRS transmission bandwidth in Rel. 15 NR. 
Positioning SRS BW configuration enhancements w.r.t. to UL BWP was among the list of proposed enhancements for UL SRS during the NR Positioning SI [6] and was further discussed by some sources in RAN1 #96b. We believe that Rel. 15 NR SRS configuration and transmission with respect to UL BWPs should be carried over to SRS configuration and transmission for positioning purposes and the support for a further flexibility is not required. Any modification in the current relation between SRS BW and UL BWPs requires a substantial specification work with an unclear potential advantage, hampers NR positioning SRS reusability for other SRS usages, and, finally and more importantly, is at odds with the very purpose of introducing UL BWP in Rel. 15 NR. As such, we propose the following. 
Proposal 7: The configuration of SRS for positioning per UL BWP follows the Rel. 15 NR specification. 
Proposal 8: For positioning, the SRS transmission in the active UL BWP of an active cell and SRS carrier switching feature follow the Rel. 15 NR specification. 
SRS configuration protocol
Following the same approach as LTE, the Rel. 15 NR SRS is configured by the serving gNB and is sent to the UE using RRC signaling. However, there has been a proposal that LMF would configure NR positioning SRS and send the configuration to the UE using LPP. In our view, such an approach for NR positioning SRS configuration has a few drawbacks as follows:
1) Practicality: If the LMF configures the NR positioning SRS, the gNB still needs to provide virtually all SRS-Config fields to assist the LMF to properly configure the positioning SRS. For instance, to avoid a collision with other SRS resources with Rel. 15 NR usages that are configured for the same or other UEs, the gNB needs to provide the LMF with a suggested sequenceId, SRS frequency domain configuration parameters including BW, transmission comb, and possible frequency hopping pattern, and SRS time domain configuration parameters such as slot offset and periodicity. Furthermore, the gNB needs to share the configured BWPs of the UE as well as the information regarding UL beam alignment and power control. It is also unclear how SP-SRS/AP-SRS can be activated/triggered by the LMF. 
2) Benefit: Apart from the fact that it does not seem to be practical to configure positioning SRS using the LMF, the potential advantages of using the LMF instead of the gNB to configure the NR positioning SRS are unclear. 
3) SRS reusability:  As the Rel. 15 NR SRS is configured by the gNB and is sent to the UE using RRC signalling, it is not clear how a positioning SRS may be reused for other Rel. 15 NR usages or how a NR Rel. 15 SRS resource may be reused for the positioning purpose if the positioning SRS is configured by LMF. 

Based on the above discussion, we propose the following. 
Proposal 9: The SRS for NR positioning is configured by RRC by the serving gNB.
Aperiodic SRS transmission
	Agreement [4]:
Support the following configurations of SRS for positioning
· Semi-persistent configuration
· Periodic configuration
· Aperiodic configuration



In LTE, the UL-based positioning include the UL information request procedures and the UL positioning information update procedure among eNB, UE, and LMU [7] shown in the Appendix. We do not see much change in NR if the periodic or semi-persistent SRS is used for UL positioning, except changing the LMU to TMF subject to RAN3 discussion.
In our view, supporting aperiodic SRS for UL positioning has the following potential problems:
· Large signalling overhead per measurement, since every time the serving gNB decides to trigger an aperiodic SRS, it has to forward the SRS information to the LMF and to the neighbouring gNBs via LMF only for a single-shot measurement
· Low accuracy due to a single-shot measurement
· No guarantee on the timeline for the neighbouring gNB to receive SRS configuration before SRS transmission from the UE
· Aperiodic SRS is triggered by DCI and may be missed by UE.
· Additional work in RAN2/RAN3 to specify the aperiodic SRS information transfer in addition to periodic/semi-persistent SRS.
Therefore, in our view, the support of aperiodic SRS should be transparent to NRPPa, which means that from the perspective of LMF and neighbouring gNBs, SRS is periodic. The reception of aperiodic SRS should only be limited to the serving cell.
Proposal 10:  Aperiodic SRS for positioning is only sent to the serving gNB(s). 
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: A SRS Resource with a Rel. 15 usage can be reused for a Rel. 16 NR positioning by adding its srs-ResourceId to the srs-ResourceIdList field of a SRS-ResourceSet that is configured with the “positioning” usage. 
Observation 2: 8-symbol SRS resource does not improve location accuracy over 4-symbol SRS resource for the UMi scenario.
Proposal 1: A SRS positioning usage is defined.
Proposal 2: For positioning purposes, the number of SRS symbols per resource is the same as in Rel. 15 NR. 
Proposal 3: For positioning purposes, the possible SRS symbol locations per slot are the same as in Rel. 15 NR.
Proposal 4: For positioning purposes, the supported SRS transmission comb values are the same as Rel. 15 NR.
Proposal 5: staggered SRS transmissions for UL SRS positioning is done by configuring the same antenna port for the transmission of SRS symbols in different SRS resources in a SRS resource set. No staggered SRS is defined in Rel-16.
Proposal 6: Increase the bit width of the parameter sequenceId of the SRS resource configuration to [16] bits.
Proposal 7: The configuration of SRS for positioning per UL BWP follows the Rel. 15 NR specification. 
Proposal 8: For positioning, the SRS transmission in the active UL BWP of an active cell and SRS carrier switching feature follow the Rel. 15 NR specification. 
Proposal 9: The SRS for NR positioning is configured by RRC by the serving gNB.
Proposal 10:  Aperiodic SRS for positioning is only sent to the serving gNB(s)
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Appendix
The procedures in LTE to enable neighboring eNB to receive SRS, including uplink information request procedure and uplink positioning information update procedure, are given by Figure 2 and Figure 3, respectively.
For periodic SRS, a single message would trigger LMU to receive multiple SRS occasions given by the higher layer parameter number of transmissions [8].



[bookmark: _Ref7160192]Figure 2 Uplink information request procedure


[bookmark: _Ref7160628]Figure 3 Uplink positioning information update procedure
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