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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we discuss the remaining issues on SRS for positioning purposes. Some of the related physical layer procedures are covered in our companion contribution [5].
Discussion 
Frequency hopping for positioning SRS
	Working assumption [1]:
Frequency hopping of SRS for positioning is not supported.



As discussed in our RAN1 98b contribution [6], the usefulness of SRS frequency hopping for positioning purposes is questionable. As such, we propose to confirm the above working assumption.
Proposal 1: Frequency hopping of SRS for positioning is not supported (i.e., agree on the working assumption in RAN1 #98b).
Assuming that the above working assumption will be agreed, the fields related to the SRS frequency hopping were removed from the list of higher layer parameters in RAN1 98b [7]. The removed fields are b-SRS, b-hop, repetitionFactor, and freqDomainPosition (). Note that these are mandatory fields in SRS configuration. Therefore, to be able to reuse the Rel. 15 SRS mapping to physical resources description that is provided in Clause 6.4.1.4.3 of 38.211 also for SRS for positioning, UE should assume some values when the above fields are not configured. The value of zero should be assumed for freqDomainPosition when this field is not configured. For the sake of simplicity, the assumed values of b-SRS and b-hop can also be zero as,  when ,  frequency hopping is disabled. Finally, the assumed value for repetitionFactor should be equal to nrofSymbols  as, in this case, intra-slot frequency hopping is disabled. 
Proposal 2: Following behavior is supported:
If b-SRS is not configured, UE assumes b-SRS is equal to zero. 
If b-hop is not configured, UE assumes b-hop is equal to zero.
If freqDomainPosition () is not configured, UE assumes freqDomainPosition is equal to zero.
If repetitionFactor is not configured, UE assumes repetitionFactor is equal to nrofSymbols. 

[bookmark: _Ref23875094]SRS for positioning resource mapping
	Agreement [1]:
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






In RAN1 98b, we agreed on the set of supported pairs of number of symbols and comp size  for SRS for positioning. For each pair, up to 4 resource mapping patterns were listed for further study. It was agreed that at least one pattern for each pair should be selected. 
[image: ]
[bookmark: _Ref23768874]Figure 1: Three candidate Rel. 16 positioning SRS resource mappings for and  multiplexed with a non-staggered Rel. 15 SRS with and .
As an example, Figure 1 shows all three agreed resource mapping candidates for   Each of the three resource mapping candidates has a justification:
1) Non-staircase resource mapping (left sub-figure of Figure 1): In Figure 1, non-staircase resource mapping is given by the transmission comb offset of {0, 2, 1, 3, 0, 2, 1, 3}. The proponents of this resource mapping method refer to the fact that its first few symbols have the best effective comb. As such, if only the first few symbols are considered for the ToA measurement, the effect of the aliased peaks is better supressed.  For instance, the first two symbols of the positioning SRS in the left sub-figure of Figure 1 provide an effective comb of 2. In our opinion, such a property may be an advantage for a DL PRS but is hardly an advantage for the positioning SRS that is an UL transmission: UE has to transmit all configured  symbols anyway and it is only up to the network to decide whether or not to consider the first few symbols for positioning measurements. In the case that the network decides to only consider the first few symbols, the time that is saved in the PHY layer by ignoring the last few SRS symbols is minuscule compared to the overall latency of the positioning procedure that is almost entirely governed by the higher layers latency (transmission of the positioning measurements to LMF and the aggregation of these measurements to calculate the UE position and providing the UE position to the positioning client). 

2) Staircase resource mapping (middle sub-figure of Figure 1): In Figure 1, staircase resource mapping is given by the transmission comb offset of {0, 1, 2, 3, 0, 1, 2, 3}. This is a simple conventional staggering pattern that can be easily formulated in specification and possibly expanded in future releases to other values of  pairs.

3) Group-bundled resource mapping (right sub-figure of Figure 1): In Figure 1, group-bundled resource mapping is given by the transmission comb offset of {0, 0, 1, 1, 2, 2, 3, 3}. Similar to the other two resource mapping methods, this method also provides the full staggering pattern. In addition, it has the advantage of a better collision-free multiplexing with Rel. 15 SRS. As can be observed from Figure 1, this mapping is the only mapping that can be FDMed with a Rel. 15 SRS with  without an RE collision. In fact, irrespective to the starting symbol and transmission comb offset of the Rel. 15 SRS with, it has some colliding REs with both the non-staircase resource mapping and the staircase resource mapping. Additionally, there are other advantages of having twoconsecutive symbols with the same RE offset within a staggered SRS resource. For instance, it can be observed from the right sub-figure in Figure 1 that, starting from the third SRS symbol (which falls in the last 6 symbols of the slot used for Rel. 15 SRS usages), every two consecutive SRS symbols can concurrently be used as a two-symbol () SRS resource with for Rel. 15 usages. Note that sending a dual intent SRS for the Rel. 16 positioning and Rel. 15 SRS usages substantially reduces the uplink RS overhead and preserves UE power and makes the UL-based (UL+DL-based) positioning solutions more attractive candidates for implementation in a real world scenario. 

Similar advantages as above also hold for group-bundled resource mapping with the transmission comb offset of  for the case 
Observation 1: Group-bundled resource mapping with the transmission comb offset of {0, 0, 1, 1, 2, 2, 3, 3} for the case of and  for the case  has the following two advantages compared to the staircase and the non-staircase resource mappings:
1) It provides the possibility of FDM with Rel. 15 SRS resources without any collision.
2) It can be used as a dual intent SRS for both positioning purposes and Rel. 15 usages. 

Based on the above discussion, we believe that the group-bundled resource mapping should be supported in the applicable scenarios of  and . As a compromise, we propose to support all candidate resource mappings for each pair of . Note that there are at most four different resource mapping candidates for each pair of . These can be indicated to the UE using a 2-bit indicator in RRC. If such a compromise cannot be reached in RAN1 99 and most sources insist on supporting only one resource mapping for each pair of , we can support the staircase resource mapping for every pair of .

Proposal 3: Regarding resource mapping of SRS for positioning, support one of the following two alternatives (Alt 2 is the second preference):
Alt 1) For each pair of number of symbols and comb size, support all listed patterns in RAN1 #98b agreements 
Alt 2) For each pair of number of symbols and comb size, support only the regular staircase pattern in the list. 

Number of SRS resources/resource sets for positioning
	Agreement [1]:
· 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 




The number of SRS resources for positioning per SRS resource set Y1, SRS resources for positioning across all SRS resource sets Y2, and the total SRS resource sets for positioning Y3 can be finalized in the dedicated UE capability discussion sessions. Further, whether or not Y1, Y2, Y3 are per BWP, across all BWPs or per each frequency band can be clarified in the UE capability discussion. As a starting point of such discussions, we can refer to the relevant UE capability values for Rel. 15 SRS for beam management given in  38.331:
uplinkBeamManagement                        SEQUENCE {
        maxNumberSRS-ResourcePerSet-BM              ENUMERATED {n2, n4, n8, n16},
        maxNumberSRS-ResourceSet                    INTEGER (1..8)
    }                                                                                                              OPTIONAL,
 
Note that the above values are per band. We believe that the maximum number of SRS resources per set for positioning can be similar to the maximum number of SRS resources per set for beam management (Y1=16). However since SRS for positioning may need to reach multiple cells, the total number of SRS resource sets for positioning per band should be up to 16. We propose:
Proposal 4: support the following:
· Maximum number of SRS resources per set for positioning is 16.
· Maximum number of SRS resource sets for positioning is 16 per band.
SRS bandwidth configuration 
	Agreement [1]:
· The SRS for positioning purposes is transmitted within the active UL BWP of the UE.




It was agreed in RAN1 98b that SRS for positioning purposes is transmitted within the active UL BWP of the UE. However, it was not clarified if, similar to the Rel. 15 SRS, SRS for positioning is configured per UL BWP. Since it is already agreed that SRS for positioning is transmitted within the active UL BWP, it is intuitive to follow the Rel. 15 SRS configuration method and configure SRS for positioning per UL BWP. 
Note that we have also reached the following agreement in RAN1 98b:
 “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”. 
Since RAN1 assumes that SRS for positioning is configured in RRC, and, hence, by the serving cell, UL BWPs of the UE are known to the configuring node (serving cell). Therefore, there is also no technical difficulty to configure SRS for positioning per UL BWP. In summary, configuring SRS for positioning per UL BWP is both intuitive and simple and is aligned with Rel. 15 SRS configuration per BWP. As such, we propose the following: 
[bookmark: _GoBack]Proposal 5: Similar to Rel. 15 SRS configuration, SRS for positioning configuration is per UL BWP.
[bookmark: _Ref23875104]Anti-aliasing cyclic shift mapping to SRS symbols
Since the cyclic shift is used to multiplex multiple ports using artificial delay within the same physical resource, it is somehow contradictory to the intention of introducing staggering pattern in the first place. Moreover the sidelobes caused by multiplexing multiple ports with different cyclic shifts are much closer to the main lobe than those caused by the non-staggering RE mapping, as shown in Figure 2. 
 [image: ][image: ] 
[bookmark: _Ref23239536]Figure 2 Sidelobes caused by multiplexing multiple ports with different cyclic shifts with non-staggering (left) and staggering (right) RE mapping
To overcome the aliasing issue caused by cyclic shift, phase hopping across symbols within an SRS resource in a slot can be considered. In this approach, similar to Rel. 15, a cyclic shift across all symbols of each port of the SRS resource is applied. Moreover, as shown in Eq. (1), a symbol-level phase hopping (phase rotation)  is applied on top of the existing SRS. By introducing the symbol-level phase hopping sequence, the cross-correlation peaks of two SRS ports with different cyclic shifts can be reduced to the cross-correlation of the two phase hopping sequences. The phase hopping sequence  can be configured by higher layer. 
	
	
	(1)


To support the phase hopping using , we need sequences that: 
Are short to match the number of SRS symbols
Have low cross-correlation
The base sequences defined by 5.2.2.2 [2] (CGS sequences) can meet the above requirements.
Figure 3 shows the auto-correlation and cross-correlation if the phase hopping sequence is based on NR length-12 CGS sequence. It can be observed that the sidelobes caused by different cyclic shifts are suppressed.

[image: ]  
[bookmark: _Ref23239528]Figure 3 Sidelobes caused by symbol-level cyclic shifts with staggering RE mapping
To specify the CGS sequence used for phase hopping, UE needs to determine the sequence length  and the sequence group for .
For sequence length , one straightforward way is set  to be the smallest value within {6, 12} that is no less than the number of SRS symbols.
For the group, gNB should provide a higher layer parameter groupId associated with the SRS resource.
Since only single-port SRS resource is supported, where the port is mapped to the cyclic shift provided by cyclicShift, the resource-specific groupId is only applicable to this cyclic shift associated with the port.
Note that the phase hopping is independent from , another low PAPR sequence that is mapped to RE in the pre-DFT domain for a symbol.
Proposal 6: Support phase hopping across symbols within an SRS resource, and include groupID in the SRS resource configuration for positioning. 
Proposal 7: Modify the SRS sequence generation as

 is selected from the CGS sequence defined in section 5.2.2.2 of TS 38.211 where
·  is the smallest one within {6, 12} that is no less than the number of SRS symbols provided by nrofSymbols
· Sequence group ID is provided by groupID.
·  is based on the existing mechanism of sequence configuration and generation.

SRS sequence generation 
In Rel. 15, 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 [2].  and  depend on the value of the higher layer parameter groupOrSequenceHopping and their calculation formulae are brought in Table 1 that is a snippet of Clause 6.4.1.4.2 in [2].  As can be observed from Table 1, both  (if  and  are functions of the higher layer parameter sequenceId  . The length of  is limited to 10 in Rel. 15, i.e., the total number of different SRS sequence group hopping patterns is limited to 1024. This may be enough for UEs within one cell. However, the requirement is different for NR positioning where each cell is expected to receive SRS from a UE in the coverage area of other neighboring cells 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. Since the number of SRS symbols has also increased, it provides more room to randomize the interference by supporting more sequence group hopping patterns introduced from extending the sequenceId.
[bookmark: _Ref23859564]Table 1: Sequence group and sequence number calculation from 38.211 Clause 6.4.1.4.2
	The sequence group  and the sequence number [image: ] in clause 5.2.2 depends on the higher-layer parameter groupOrSequenceHopping in the SRS-Config IE. The SRS sequence identity [image: ] 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 
[image: ]
-	if groupOrSequenceHopping equals 'groupHopping', group hopping but not sequence hopping shall be used and 
[image: ]
	where the pseudo-random sequence [image: ] 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
[image: ]
	where the pseudo-random sequence [image: ] is defined by clause 5.2.1 and shall be initialized with [image: ] at the beginning of each radio frame.



The gold sequence that is used to determine  and  in Table 1 is initialized by setting   to . As described in Clause 5.2.1 of [2],  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 8: Increase the bit width of the parameter sequenceId of the SRS resource configuration to 16 bits. 

Single-port SRS for positioning
The field nrofSRS-Ports was removed from the list of higher layer parameters for SRS for positioning configuration in RAN1 98b; implying that only a single-port SRS for positioning is supported in Rel. 16. nrofSRS-Ports is a mandatory field in SRS configuration. Therefore, to be able to reuse the Rel. 15 SRS mapping to physical resources description that is provided in Clause 6.4.1.4.3 of 38.211 also for SRS for positioning, UE should assume nrofSRS-Ports is equal to one when nrofSRS-Ports is not configured.
Proposal 9: If nrofSRS-Ports is not configured, UE assumes nrofSRS-Ports is equal to one. 

Reuse of Rel-15 SRS
Supporting Rel-15 SRS without the enhancement defined in RAN1 has the following benefits
· It allows Rel-15 UE to benefit from the NR positioning techniques, such as UTDOA and UAoA.
· It reduces the reference signal overhead since the SRS can be shared with other usages for the same UE, e.g., SRS for codebook based in FR1, for antenna switching in FR1, and for beam management in FR2.
· It enables to multiplex SRS used for positioning with SRS for other usages transmitted by a different UE.
· Since the positioning SRS defined by RAN1 only supports staggering pattern for the time being, it cannot support efficient frequency domain multiplexing with other Rel-15 SRS.
· At least for the serving cell, any measurement can be carried out by Rel-15 SRS.
· No new capability needs to be introduced from UE side.
· The specification impact is small where only NRPPa needs to provide additional support for Rel-15 SRS configuration transfer between NG-RAN and LMF.
For Rel-15 UE, Rel-16 UL positioning only needs changes at NG-RAN and 5GC side without any additional UE feature. Furthermore, the Rel-15 SRS can be configured with maximum 4 symbols, which shows sufficient UL coverage for the commercial use case, as evaluated in the SI [4]. It is up to gNB to resolve the correlation ambiguity due to the non-staggering pattern.
Note that the ambiguity range for comb-4 SRS with 30kHz SCS is approximately given by

Even when 120kHz SCS in FR2 is used, the ambiguity range is approximately 625m. It is not so difficult for a gNB to resolve such an ambiguity range.
Proposal 10: Support reuse of Rel-15 SRS for NR positioning in addition to any enhanced SRS in Rel. 16.
There is no RAN1 impact.
Send an LS to RAN2 and RAN3.

Remaining issues regarding pathlossReferenceRS and spatialRelationInfo RS
Our views on the remaining details of pathlossReferenceRS and spatialRelationInfo RS configuration for SRS for positioning are provided in details in our companion contribution [5]. In this section, we briefly outline these views. 
In [5], we discuss that UL-based positioning target serving or neighboring cells may send SSBs on different frequency layers. SRS configuration in RRC (SRS-Config IE) includes the configuration of multiple SRS resource sets each of which potentially targeting a different serving or neighboring cell. Therefore, configuring SSBs as pathlossReferenceRS or spatialRelationInfo RS on multiple SSB frequency layers in SRS for positioning configuration should be supported. We have proposed in [5] the following.
Proposal 11: Support configuring SSBs as pathlossReferenceRS or spatialRelationInfo RS on multiple SSB frequency layers in SRS for positioning configuration. 
· Maximum number of configured SSB frequency layers for each SRS for positioning configuration is N=4. 
When SSB is configured as a pathlossReferenceRS, the UE needs to know the SSB Tx power. This is addressed in RAN1 98b by inclusion of ss-PBCH-BlockPower in the higher layer parameter list where it is left to RAN2 WG to decide whether this field is indicated in DL PRS configuration or SRS for positioning configuration. We believe that indicating ss-PBCH-BlockPower in DL PRS configuration is infeasible due to the following reasons:
1) It is possible that UE is not configured with any DL PRS while being configured with SRS for positioning. In such a case, if  ss-PBCH-BlockPower is only a part of DL PRS configuration, UE cannot calculate the DL pathloss when an SSB is configured as a pathlossReferenceRS. 
2) ss-PBCH-BlockPower is not required for any DL-based positioning measurement. 
As such, we propose the following in [5].
Proposal 12: Support indicating ss-PBCH-BlockPower in SRS for positioning RRC configuration and update the higher layer parameter list accordingly. 
It was agreed in RAN1 98b to support configuration of a spatial relation between two SRS resources for positioning. In [5], we have argued that it should be possible to use a positioning SRS resource or a Rel. 15 SRS resource in a BWP as the reference spatialRelationInfo SRS for the positioning SRS resources configured in another BWP or another serving cell. The agreement in RAN1 98b is not clear about this issue and we have suggested in [5] to clarify this in RAN1 99. 
Proposal 13: Support indicating a configured SRS resource in any BWP of any serving cell as the spatialRelationInfo RS for a SRS resource for positioning.
The use of CSI-RS as a pathlossReferenceRS for posititoning SRS is still FFS. It is natural to at least use NZP-CSI-RS as a pathlossReferenceRS for a positioning SRS that targets a serving cell. Note that, NZP-CSI-RS can be used as a pathlossReferenceRS for SRS in Rel. 15. We have proposed the following in [5].
Proposal 14: Support indicating NZP-CSI-RS resource as pathlossReferenceRS for a serving cell. Similar to Rel. 15, provide NZP-CSI-RS-ResourceId to the UE to indicate the NZP-CSI-RS resource as pathlossReferenceRS.
Whether or not to support CSI-RS for RRM as a pathlossReferenceRS or spatialRelationInfo RS is still FFS. If a CSI-RS resource for RRM is transmitted from a target serving or neighboring cell of the positioning SRS, indicating it as a pathlossReferenceRS or spatialRelationInfo RS to the UE does not come at any additional cost as this resource has already been configured in MeasObjectNR and detected by the UE. Moreover, CSI-RS for RRM can be the only choice for pathlossReferenceRS or spatialRelationInfo RS if the target cell of the positioning SRS in a SCell without SSB. As such, we believe RAN1 should agree to support indicating CSI-RS resource for RRM as a pathlossReferenceRS or spatialRelationInfo RS. Note also that, it was agreed in RAN1 98b that RAN1 assumes SRS for positioning is configured in RRC. If this assumption is confirmed by RAN2, it is very straightforward to use CSI-RS resources for RRM in MeasObjectNR as pathlossReferenceRS or spatialRelationInfo RS for positioning SRS since both MeasObjectNR and positioning SRS are configured in RRC. We have proposed the following in [5].
Proposal 15: Support configuring CSI-RS resources for RRM from the serving and neighboring cells as pathlossReferenceRS or spatialRelationInfo RS.
Finally, the following Table is also provided in [5] that includes all necessary parameters for configuration and indication of a pathlossReferenceRS or a spatialRelationInfo RS for SRS for positioning
Table 2: Necessary parameters for configuration and indication of a pathlossReferenceRS or a spatialRelationInfo RS for SRS for positioning from [5].
	Reference signal 
	Configuration parameters
	Configuration level
	Indicating parameters
	Indication level

	SSB for spatial relations
	- ssbFrequency
- ssbSubcarrierSpacing 
- smtc1 
- deriveSSB-IndexFromCell.

	SRS-Config (Per UL BWP)
	- An index that uniquely identifies the SSB frequency layer (e.g. ssb-Reference-ConfigId in [5])
- SSB index
- Physical Cell ID 

	Per SRS for positioning resource

	SSB for pathloss
	
	
	-An index that uniquely identifies the SSB frequency layer (e.g. ssb-Reference-ConfigId in [5])
-SSB index
-Physical Cell ID 
-ss-PBCH-BlockPower 
	Per SRS for positioning resource set

	DL PRS resource for spatial relations
	Already configured in LPP AssistanceData

	-DL-PRSConfigId (To uniquely identify TRP. See [8]),
-PRS resource set index,
-PRS resource index.
	Per SRS for positioning resource

	DL PRS resource for pathloss
	
	DL-PRSConfigId (To uniquely identify TRP. See [8]),
-PRS resource set index,
-PRS resource index.
	Per SRS for positioning resource set

	Positioning SRS resource or Rel. 15 SRS resource  for spatial relations
	Already configured in SRS-Config in RRC

	-Rel. 15 SRS resource ID or Rel. 16 Positioning SRS resource ID 
-UL BWP ID
-Serving cell ID
	Per SRS for positioning resource

	NZP-CSI-RS resource for spatial relations (applicable when target cell is a serving cell)
	Already configured in NZP-CSI-RS-Resource in RRC

	-Serving cell ID
-NZP-CSI-RS-ResourceId
	Per SRS for positioning resource

	NZP-CSI-RS resource for pathloss (applicable when target cell is a serving cell) 
	
	-NZP-CSI-RS-ResourceId
	Per SRS for positioning resource set

	CSI-RS for RRM resource for spatial relation
	Already configured in MeasObjectNR in RRC
	-Measurement object ID (measObjectId)
-Physical Cell ID 
-CSI-RS-Index
	Per SRS for positioning resource

	CSI-RS for RRM resource for pathloss
	
	-Measurement object ID (measObjectId)
-Physical Cell ID 
-CSI-RS-Index
-Transmit power 
	Per SRS for positioning resource set



Updates on higher layer parameters related to SRS for positioning configuration
We have provided an update to the higher layer parameters related to SRS for positioning configuration in the Appendix. The parameters related to the configuration and the indication of a pathlossReferenceRS or a spatialRelationInfo RS for SRS for positioning are detailed in our companion contribution [5] while the background on the parameters to indicate resource mapping index for a pair of  and to indicate per-symbol phase shift for SRS for positioning resource is provided in Section 2.2 and Section 2.5 of the current contribution, respectively.

[bookmark: _Ref129681832]Conclusions
In this contribution, we have provided our considerations on the remaining issues of SRS for NR positioning. Based on the discussion, we have the following proposals and observations.
Proposal 1: Frequency hopping of SRS for positioning is not supported (i.e., agree on the working assumption in RAN1 #98b).
Proposal 2: Following behavior is supported:
If b-SRS is not configured, UE assumes b-SRS is equal to zero. 
If b-hop is not configured, UE assumes b-hop is equal to zero.
If freqDomainPosition () is not configured, UE assumes freqDomainPosition is equal to zero.
If repetitionFactor is not configured, UE assumes repetitionFactor is equal to nrofSymbols. 
Proposal 3: Regarding resource mapping of SRS for positioning, support one of the following two alternatives (Alt 2 is the second preference):
Alt 1) For each pair of number of symbols and comb size, support all listed patterns in RAN1 #98b agreements 
Alt 2) For each pair of number of symbols and comb size, support only the regular staircase pattern in the list. 
Proposal 4: support the following:
· Maximum number of SRS resources per set for positioning is 16.
· Maximum number of SRS resource sets for positioning is 16 per band.
Proposal 5: Similar to Rel. 15 SRS configuration, SRS for positioning configuration is per UL BWP.
Proposal 6: Support phase hopping across symbols within an SRS resource, and include groupID in the SRS resource configuration for positioning. 
Proposal 7: Modify the SRS sequence generation as

 is selected from the CGS sequence defined in section 5.2.2.2 of TS 38.211 where
·  is the smallest one within {6, 12} that is no less than the number of SRS symbols provided by nrofSymbols
· Sequence group ID is provided by groupID.
·  is based on the existing mechanism of sequence configuration and generation.
Proposal 8: Increase the bit width of the parameter sequenceId of the SRS resource configuration to 16 bits. 
Proposal 9: If nrofSRS-Ports is not configured, UE assumes nrofSRS-Ports is equal to one. 
Proposal 10: Support reuse of Rel-15 SRS for NR positioning in addition to any enhanced SRS in Rel. 16.
There is no RAN1 impact.
Send an LS to RAN2 and RAN3.
Proposal 11: Support configuring SSBs as pathlossReferenceRS or spatialRelationInfo RS on multiple SSB frequency layers in SRS for positioning configuration. 
· Maximum number of configured SSB frequency layers for each SRS for positioning configuration is N=4. 
Proposal 12: Support indicating ss-PBCH-BlockPower in SRS for positioning RRC configuration and update the higher layer parameter list accordingly. 
Proposal 13: Support indicating a configured SRS resource in any BWP of any serving cell as the spatialRelationInfo RS for a SRS resource for positioning.
Proposal 14: Support indicating NZP-CSI-RS resource as pathlossReferenceRS for a serving cell. Similar to Rel. 15, provide NZP-CSI-RS-ResourceId to the UE to indicate the NZP-CSI-RS resource as pathlossReferenceRS.
Proposal 15: Support configuring CSI-RS resources for RRM from the serving and neighboring cells as pathlossReferenceRS or spatialRelationInfo RS.
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Appendix: Updates on higher layer parameters related to SRS for positioning configuration
	Sub-feature group
	
Parent IE in ASN.1
	RAN2 ASN.1 name
(suggestions/examples)
	New or existing parameter
	Parameter name in specification
	Description
	Value range
	Default value
	UE specific/Cell specific
	Comment

	Parameters to search for the configured SSBs as pathlossReferenceRS or spatialRelationInfo RS on each SSB frequency layer. See [5].

	NR UL PRS/SRS Configuration
	SRS-Config
	SSB-Reference-Config
	New
	SSB-Reference-Config
	An IE that contains the necessary fields for  configuring SSBs for pathloss or spatial relations per frequency layer. These fields are ssbFrequency, ssbSubcarrierSpacing, smtc1,  deriveSSB-IndexFromCell.
See [5] for further details.
	
	
	UE-specific 
	

	NR UL PRS/SRS Configuration
	SSB-Reference-Config
	ssb-Reference-ConfigId
	New
	ssb-Reference-ConfigId
	ID of SSB-Reference-Config
	INTEGER(1..maxNrofssb-Reference-Config)
maxNrofssb-Reference-Config= [4]

	
	UE-specific
	

	NR UL PRS/SRS Configuration
	SSB-Reference-Config
	ssbFrequency
	Existing (New in SRS config)
	ssbFrequency
	SSB frequency in NR ARFCN value of the SSB frequency layer associated with SSB-Reference-Config
	
	
	UE-specific
	

	NR UL PRS/SRS Configuration
	SSB-Reference-Config
	ssbSubcarrierSpacing
	Existing (New in SRS config)
	ssbSubcarrierSpacing
	Subcarrier spacing of the SSB frequency layer associated with SSB-Reference-Config
	
	
	UE-specific
	

	NR UL PRS/SRS Configuration
	SSB-Reference-Config
	smtc1
	Existing (New in SRS config)
	smtc1
	SSB-MTC window for SSB search on SSB frequency layer indicated in SSB-Reference-Config
	
	
	UE-specific
	

	NR UL PRS/SRS Configuration
	SSB-Reference-Config
	deriveSSB-IndexFromCell
	Existing (New in SRS config)
	deriveSSB-IndexFromCell
	If this field is set to true, UE assumes SFN and frame boundary alignment across cells on the same frequency carrier. See [3][5] for further details. 
	
	
	UE-specific
	

	Parameters to indicate a SSB resource as a pathlossReferenceRS or spatialRelationInfo RS on each configured SSB frequency layer. See [5].

	NR UL PRS/SRS Configuration
	pathlossReferenceRS 
and 
SRS-SpatialRelationInfo
	ssb-Reference-ConfigId
	New
	ssb-Reference-ConfigId
	The ID of SSB-Reference-Config to uniquely identify the SSB frequency layer
	
	
	UE-specific
	

	NR UL PRS/SRS Configuration
	pathlossReferenceRS 
and 
SRS-SpatialRelationInfo
	ssb-Index
	Existing
	ssb-Index
	SSB ID of the indicated SSB resource
	
	
	UE-specific
	

	NR UL PRS/SRS Configuration
	pathlossReferenceRS 
and 
SRS-SpatialRelationInfo
	cellId
	Existing (New in SRS config)
	cellId
	Physical Cell ID of the indicated SSB resource
	
	
	UE-specific
	

	NR UL PRS/SRS Configuration
	pathlossReferenceRS
	ss-PBCH-BlockPower
	Existing (New in SRS config)
	ss-PBCH-BlockPower
	SSB resource transmit power to calculate pathloss
	
	
	UE-specific
	

	Parameters to indicate a DL PRS resource as a pathlossReferenceRS or spatialRelationInfo RS. See [5].

	NR UL PRS/SRS Configuration
	pathlossReferenceRS 
and 
SRS-SpatialRelationInfo
	DL-PRSConfigId
	Existing (Exisiting in DL PRS config. New in SRS config.)
	DL-PRSConfigId
	DL-PRSConfig IE represents a TRP. See [8] for further details. 
	
	
	UE-specific
	

	NR UL PRS/SRS Configuration
	pathlossReferenceRS 
and 
SRS-SpatialRelationInfo
	DL-PRS-ResourceSetId
	Existing (Exisiting in DL PRS config. New in SRS config.)
	DL-PRS-ResourceSetId
	The ID of the DL PRS Resource set of the  indicated DL PRS resource
	
	
	UE-specific
	

	NR UL PRS/SRS Configuration
	pathlossReferenceRS 
and 
SRS-SpatialRelationInfo
	DL-PRS-ResourceId
	Existing (Exisiting in DL PRS config. New in SRS config.)
	DL-PRS-ResourceId
	The ID of the  indicated DL PRS resource
	
	
	UE-specific
	

	Parameters to indicate SRS for positioning or Rel. 15 SRS as a spatialRelationInfo RS. See [5].
(Note: Only the use of positioning SRS is agreed in RAN1 98b)

	NR UL PRS/SRS Configuration
	SRS-SpatialRelationInfo
	SRS-ResourceId
	Existing 
	SRS-ResourceId
	The ID of the SRS for positioning or Rel. 15 SRS indicated as spatial relation RS
	
	
	UE-specific
	

	NR UL PRS/SRS Configuration
	SRS-SpatialRelationInfo
	BWP-Id
	Existing
	BWP-Id
	The ID of the UL BWP in which the spatial relation SRS is configured.
	
	
	UE-specific
	

	NR UL PRS/SRS Configuration
	SRS-SpatialRelationInfo
	ServCellIndex
	Existing
	ServCellIndex
	The ID of the serving cell in which the spatial relation SRS is configured
	
	
	UE-specific
	

	Parameters to indicate NZP-CSI-RS as a pathlossReferenceRS towards a serving cell or spatialRelationInfo RS towards a serving cell. See [5].
(Note: The use of NZP-CSI-RS as a spatialRelationInfo RS towards a serving cell is agreed in RAN1 98b. The use of  NZP-CSI-RS as a pathlossReferenceRS is FFS)

	NR UL PRS/SRS Configuration
	pathlossReferenceRS 
and 
SRS-SpatialRelationInfo
	NZP-CSI-RS-ResourceId
	Existing
	NZP-CSI-RS-ResourceId
	The ID of NZP-CSI-RS that is indicated as a pathlossReferenceRS towards a serving cell or spatialRelationInfo RS towards a serving cell
	
	
	UE-specific
	

	NR UL PRS/SRS Configuration
	SRS-SpatialRelationInfo
	ServCellIndex
	Existing
	ServCellIndex
	The ID of the serving cell in which the spatial relation NZP-CSI-RS is configured
	
	
	UE-specific
	

	Parameters to indicate CSI-RS for RRM as pathlossReferenceRS or spatialRelationInfo RS. See [5].
(Note: The use of CSI-RS for RRM as pathlossReferenceRS or spatialRelationInfo RS is FFS)

	NR UL PRS/SRS Configuration
	pathlossReferenceRS 
and 
SRS-SpatialRelationInfo
	measObjectId
	Existing (New in SRS config)
	measObjectId
	The ID of measurement object in which the indicated CSI-RS resource for RRM is configured. 
	
	
	
	

	NR UL PRS/SRS Configuration
	pathlossReferenceRS 
and 
SRS-SpatialRelationInfo
	cellId
	Existing (New in SRS config)
	cellId
	Physical Cell ID of the indicated CSI-RS resource for RRM
	
	
	
	

	NR UL PRS/SRS Configuration
	pathlossReferenceRS 
and 
SRS-SpatialRelationInfo
	CSI-RS-Index
	Existing (New in SRS config)
	CSI-RS-Index
	The ID of the indicated CSI-RS resource for RRM
	
	
	
	

	NR UL PRS/SRS Configuration
	pathlossReferenceRS
	CSI-RS-Tx-Power
	New
	CSI-RS-Tx-Power
	CSI-RS for RRM resource transmit power to calculate pathloss
	
	
	
	

	Parameter to indicate resource mapping index for a pair of . See Section 2.2.
(Note: It is FFS whether one or more candidate resource mappings is applicable for each pair of  .)

	NR UL PRS/SRS Configuration
	SRS-Resource
	resourceMappingId
	New
	resourceMappingId
	A 2-bit field to indicate the SRS for positioning resource mapping index for a pair of . See Section 2.2
	
	
	
	

	Parameter to indicate per-symbol phase shift for SRS for positioning resource. See Section 2.5.
(Note: Proposed to be used for anti-aliasing cyclic shift mapping.)

	NR UL PRS/SRS Configuration
	SRS-Resource
	groupId
	New
	groupId
	Parameter to indicate per-symbol phase shift for SRS resource. See Section 2.5
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