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Introduction
Work item on NR Positioning support was approved in [1]. The WID has the following objectives:
Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA
In this contribution, we continue discussion on UL PRS design based on UL SRS and follow agreements made by RAN1 at the previous meeting (provided in Annex A). Our views on other NR Positioning aspects are provided in our companion contributions [2]-[4] .
Remaining FFS Aspects for UL PRS Design
Value Range for Number of UL Positioning Resources per Set
It is proposed to inherit the maximum number of SRS resources per set from Rel-15, i.e. the maximum number of SRS resources for positioning per set is 16.


Maximum number of SRS resources for SRS Resource Set for positioning is defined by parameter NumOfUL-PositioningResourcesPerSet and has maximum number of 16

RE Offsets for Different Values of CombSize and Number of Symbols 
RAN1 still needs to resolve FFS aspects to select relative RE offset with respect to the first symbol for remaining combinations of Comb Size and Number of symbols per SRS resource.
The following RE offset settings were identified for further down-selection
Comb Size 2:
· Number of symbols – 4: FFS:  {0, 1, 0, 1} and/or {0, 0, 1, 1}
Comb Size 4:
· Number of symbols – 4: FFS: {0,2,1,3} and/or {0,1,2,3} and or {0,2,3,1}
· Number of symbols – 8: 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}
· Number of symbols – 12: 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}
Comb Size 8:
· Number of symbols – 8: 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}
In our view, it is desirable to have symmetrical design between DL and UL. Therefore, the agreements and principle used to define RE offsets in downlink can be reused for uplink:


Agree on the following RE offset values:
· Comb-2: Symbols {0, 1, 2, 3} have relative RE offsets {0, 1, 0, 1}
· Comb-4: 
· Symbols {0, 1, 2, 3} have relative RE offsets {0, 2, 1, 3}
· Symbols {0, 1, 2, 3, 4, 5, 6, 7} have relative RE offsets {0, 2, 1, 3, 0, 2, 1, 3}
· Comb-8: 
· Symbols {0, 1, 2, 3, 4, 5, 6, 7} have relative RE offsets {0,4,2,6,1,5,3,7}

Value Range for UL PRS Periodicity and Offset 
RAN1 agreed to further study values for resourceType SRS-PeriodicityAndOffset applicable to periodic and semi-persistent SRS resources for positioning. We do not see the reason why existing set of values defined for UL SRS cannot be reused for positioning purposes and thus we propose to reuse them.


Reuse same values of resourceType.SRS-PeriodicityAndOffset for NR positioning
	SRS-PeriodicityAndOffset ::= 
sl1 
sl2 
sl4 
sl5 
sl8 
sl10 
sl16 
sl20 
sl32 
sl40 
sl64 
sl80 
sl160 
sl320 
sl640 
sl1280 
sl2560 
}
	CHOICE {
NULL,
INTEGER(0..1),
INTEGER(0..3),
INTEGER(0..4),
INTEGER(0..7),
INTEGER(0..9),
INTEGER(0..15),
INTEGER(0..19),
INTEGER(0..31),
INTEGER(0..39),
INTEGER(0..63),
INTEGER(0..79),
INTEGER(0..159),
INTEGER(0..319),
INTEGER(0..639),
INTEGER(0..1279),
INTEGER(0..2559)




Number of Sequences
Considering that all SRS parameters are configured by network and that UL is in general more limited in link budget and thus communication range, we do not see a strong need to increase number of sequences and randomization of SRS for positioning and thus suggest to keep the same number of SRS sequence IDs, i.e. 1024.


Use the following range of values for SRS sequence IDs {0,1,2,…, 1023}

Frequency Hopping
Due to limited time left to finalize Rel.16 positioning framework as well as lack of a use case for frequency hopping, we propose to confirm working assumption and not support frequency hopping in Rel.16.


Do not support frequency hopping of SRS for positioning in Rel.16 

It should be noted that in NR, there is no specific parameter that enables or disables UL SRS hopping. In order to disable frequency hopping and support wideband SRS allocation, the following settings of UL SRS should be used for UL PRS generation:


In order to preclude SRS frequency hopping apply the following settings to the following parameters 
freqHopping.b-SRS = 0
freqHopping.b-hop ≥ 0

Assuming that support of frequency hopping for NR positioning is not confirmed, there is no need in parameter freqDomainPosition while freqDomainShift can still be used.


Clarify that freqDomainShift parameter and values are reused for SRS for positioning to control shift 
Clarify that freqDomainPosition is not applicable for SRS for positioning

Usage Parameter
The usage parameter of the SRS-ResourceSet was debated for a several meetings w/o consensus reached in RAN1. Given that signaling details are being designed by RAN2 WG, we believe whether it is necessary to introduce the “positioning usage” in this parameter can be decided by RAN2 WG.


Whether to define “usage” parameter for SRS for positioning and whether to introduce “positioning” usage is up to RAN2 WG

Non-Applicable Fields for SRS for Positioning 
During discussion on RRC table describing SRS for positioning, RAN1 used parameters of SRS-Resource and SRS-ResourceSet.
The following parameters were deleted from the initial table [5] given that group considered them non-applicable for SRS for positioning:
SRS-ResourceSet
srs-PowerControlAdjustmentStates
SRS-Resource 
nrofSRS-Ports
ptrs-PortIndex
resourceMapping.repetitionFactor
freqDomainPosition
freqHopping.b-SRS
freqHopping.b-hop
In our view, RAN1 need to make an explicit agreement on this to avoid potential confusion down the road. 


Explicitly agree that the following UL SRS parameters are not applicable for SRS for positioning
· SRS-ResourceSet
· srs-PowerControlAdjustmentStates
· SRS-Resource 
· nrofSRS-Ports
· ptrs-PortIndex
· resourceMapping.repetitionFactor
· freqDomainPosition
· freqHopping.b-SRS
· freqHopping.b-hop
Single port is used for SRS for positioning

Additional Parameters
The resourceType parameter defined at the SRS Resource Set was missed in table of higher layer parameters [5] and needs to be added given that RAN1 WG agreed to support aperiodic, semi-persistent and periodic SRS resources for NR UL positioning.


The resourceType parameter defined at SRS-ResourceSet is reused for SRS for Positioning and added to RRC table of parameters

Value Range for UE Capability on Total Number of UL Positioning Resources 
The parameter is used as UE capability. According to the endorsed table of higher layer parameters, the UE can be configured to transmit up to Y2 SRS resources for positioning across all SRS Resource Sets. The FFS point is whether it should be defined per BWP or per all BWPs. In our view, this parameter should be defined per BWP.


The value range of TotalNumOfUL-PositioningResources is defined by the following set of values {1, 2, 4, 8, 16} per UL BWP
FFS whether this UE capability parameter should be separately defined for aperiodic, semi-persistent and periodic SRS resource types

Value Range for UE Capability on Total Number of UL Positioning Resource Sets

According to the endorsed table of higher layer parameters:
UE can be configured to transmit up to total Y3 SRS Resource Sets for positioning
FFS: Y3 value and whether Y3 is per BWP or all BWPs  
In our view, the number of SRS Resource Sets for positioning should be defined per BWP and its masimum value should not exceed 8. The following set of values can be reported as UE capability {1, 2, 4, 8}


Maximum number SRS resource sets for positioning is defined per BWP using parameter NumOfUL- PositioningResourceSets
The parameter is used for UE capability signaling and can take one of the following values {1, 2, 4, 8}

Conclusion
In this contribution, we have provided our views on remaining opens of UL reference signal design for NR positioning. In summary, we have following proposals:

Proposal 1: 
Maximum number of SRS resources for SRS Resource Set for positioning is defined by parameter NumOfUL-PositioningResourcesPerSet and has maximum number of 16
Proposal 2: 
Agree on the following RE offset values:
· Comb-2: Symbols {0, 1, 2, 3} have relative RE offsets {0, 1, 0, 1}
· Comb-4: 
· Symbols {0, 1, 2, 3} have relative RE offsets {0, 2, 1, 3}
· Symbols {0, 1, 2, 3, 4, 5, 6, 7} have relative RE offsets {0, 2, 1, 3, 0, 2, 1, 3}
· Comb-8: 
· Symbols {0, 1, 2, 3, 4, 5, 6, 7} have relative RE offsets {0,4,2,6,1,5,3,7}
Proposal 3: 
Reuse same values of resourceType.SRS-PeriodicityAndOffset for NR positioning
	SRS-PeriodicityAndOffset ::= 
sl1 
sl2 
sl4 
sl5 
sl8 
sl10 
sl16 
sl20 
sl32 
sl40 
sl64 
sl80 
sl160 
sl320 
sl640 
sl1280 
sl2560 
}
	CHOICE {
NULL,
INTEGER(0..1),
INTEGER(0..3),
INTEGER(0..4),
INTEGER(0..7),
INTEGER(0..9),
INTEGER(0..15),
INTEGER(0..19),
INTEGER(0..31),
INTEGER(0..39),
INTEGER(0..63),
INTEGER(0..79),
INTEGER(0..159),
INTEGER(0..319),
INTEGER(0..639),
INTEGER(0..1279),
INTEGER(0..2559)



Proposal 4: 
Use the following range of values for SRS sequence IDs {0,1,2,…, 1023}
Proposal 5: 
Do not support frequency hopping of SRS for positioning in Rel.16 
Proposal 6: 
In order to preclude SRS frequency hopping apply the following settings to the following parameters 
freqHopping.b-SRS = 0
freqHopping.b-hop ≥ 0
Proposal 7: 
Clarify that freqDomainShift parameter and values are reused for SRS for positioning to control shift 
Clarify that freqDomainPosition is not applicable for SRS for positioning
Proposal 8: 
Whether to define “usage” parameter for SRS for positioning and whether to introduce “positioning” usage is up to RAN2 WG
Proposal 9: 
Explicitly agree that the following UL SRS parameters are not applicable for SRS for positioning
· SRS-ResourceSet
· srs-PowerControlAdjustmentStates
· SRS-Resource 
· nrofSRS-Ports
· ptrs-PortIndex
· resourceMapping.repetitionFactor
· freqDomainPosition
· freqHopping.b-SRS
· freqHopping.b-hop
Single port is used for SRS for positioning
Proposal 10: 
The resourceType parameter defined at SRS-ResourceSet is reused for SRS for Positioning and added to RRC table of parameters
Proposal 11: 
The value range of TotalNumOfUL-PositioningResources is defined by the following set of values {1, 2, 4, 8, 16} per UL BWP
FFS whether this UE capability parameter should be separately defined for aperiodic, semi-persistent and periodic SRS resource types
Proposal 12: 
Maximum number SRS resource sets for positioning is defined per BWP using parameter NumOfUL- PositioningResourceSets
The parameter is used for UE capability signaling and can take one of the following values {1, 2, 4, 8}
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Annex-A: RAN1 Agreements on UL PRS (SRS for Positioning)
In this section, we provide list of agreements made by RAN1 with respect to UL PRS design at the previous meeting.
	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.



RAN1#97 Agreements
	Agreement:
SRS transmissions for positioning are realized with 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
· FFS: construction of the pattern inside the SRS resource structure
Agreement:
For positioning, the number of consecutive OFDM symbols in an SRS resource is configurable with one of the values in the set {1, 2, 4, 8, 12}
· FFS: Other values including 3,6,14
· Note: Values of 1, 2 and 4 within an SRS resource can already be configured in Rel-15
Agreement:
For positioning, starting positions in the time domain for the SRS resource can be anywhere in the slot, i.e. an offset loffset range of {0,1,…,13}.
Agreement:
For positioning, with regard to UL Beam management/alignment towards serving and neighboring cells, at least the following (option 2 from prior agreement) can be used:
· UE Tx beam-sweeping on UL SRS transmissions across multiple UL SRS Resources
· FFS: other options
Agreement:
For positioning, the SRS comb size set is extended from {2,4} to {2,4,8}
· FFS: Additional comb sizes: 1, 6, 12
· Note: For the comb sizes of 6 and 12, the number of PRBs may be restricted if currently defined sequences are to be used
· FFS: Maximum number of cyclic shifts for the different comb sizes (cyclic shifts for comb sizes of 2 and 4 already exist in Rel-15)


RAN1#98 Agreements
	Agreement:
The RE pattern of an SRS resource for positioning is configured with a comb offset for the first symbol in an SRS resource. 
The relative RE offsets of following symbols are defined relative to the comb offset of the first symbol in the SRS resource. 
A relative RE offset of each of the following symbols is derived from the configured number of symbols for an SRS resource, the comb size for the SRS resource and the SRS symbol index within the SRS resource.
· FFS: The use of the following for deriving the relative offset in addition to the above
· A configurable number of consecutive symbols with the same offset
· Repetition factor
· No additional parameters will be considered

Conclusion:
No additional comb sizes for SRS for positioning purposes will be introduced in Rel-16 beyond those already agreed.

Conclusion:
No additional number of symbols per SRS resource other than the values already agreed is supported


RAN1#98bis Agreements
	Working assumption:
· Frequency hopping of SRS for positioning is not supported

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



Agreement:
· SRS for positioning supports semi persistent configuration with MAC CE activation/deactivation, with SRS for positioning to be received at the serving cell and neighbor cell
· The aperiodic SRS for positioning is triggered by a DCI
· There is no impact to Rel-15 DCI (reuse the triggers in place in rel-15)
· The support of the reception of aperiodic SRS for positioning by the neighbor cell, is up to decision by RAN2 and RAN3 working groups

Agreement:
For UL SRS for positioning configured with comb size 8, the number of cyclic shifts is 6
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