Page 1
[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #98bis																R1-1910675
Chongqing, China, October 14th – 20th, 2019


Source:	Intel Corporation
Title:	Remaining Details of UL PRS Design for NR Positioning
Agenda item:	7.2.10.2
[bookmark: DocumentFor]Document for:	Discussion and Decision


Introduction
Work item on NR Positioning support was approved in [1]. The WID has the following objectives:
Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
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 [3]-[5].
UL Reference Signals for NR Positioning
Legacy UL SRS
UL SRS was agreed to be used as a starting point for NR Positioning in UL and DL+UL positioning techniques. Initially it was designed for UL channel sounding and beam management. SRS Resources can be combined in SRS Resource Sets. Each SRS Resource can be configured with 1, 2, or 4 antenna ports, transmitted in 1, 2 or 4 consecutive symbols at the end of slot with a configurable signal bandwidth. NR SRS is represented by Zadoff-Chu sequences (if sequence length > 36) and has comb structure. The NR SRS Resource Set can be configured as periodic or on-demand (semi-persistent or aperiodic). Sequence generation is a function of nSRSID, slot and symbol number. The NR SRS supports group or sequence hopping as well as frequency hopping.
The following potential enhancement for SRS design can be further considered in order to improve UL PRS capability:
Staggered pattern configuration for UL SRS
Mechanism to improve UE multiplexing capacity for positioning

UL SRS (PRS) Resource Mapping Pattern
RAN1 agreed to configure additional comb- size N and number of symbols M per UL PRS Resource comparing to legacy SRS. The configuration of RE offset for the first symbol of UL PRS Resource in frequency domain was also agreed. In order to complete discussion on RE mapping pattern of UL SRS for Positioning we propose the following equation which provides the mechanism for determination of RE frequency offset for each  subsequent symbol inside of resource. The set of staggered patterns (shown in Figure 1) can be re-produced using equation below:

wherein,
 – resource element offset for the first symbol of UL PRS Resource;
 – Comb size of the UL PRS Resource with possible values for UL in the set - {2, 4, 8};
 – Number of symbols of the DL PRS Resource with possible values for UL in the set - {2, 4, 8, 12};
 – Symbol index in UL PRS Resource, values: ;
 – Step size, configuration parameter.
If  the provided above equation produces diagonal patterns. In order to reduce number of configuration parameters, we suggest to use fixed value of K for each combination of comb-size and number of symbols. The proposed K values are provided in the Table 2 and their patterns are shown in Figure 1 together with patterns for other K values.

[bookmark: _Ref19106329]Table 2. Table of NR UL  values for K-step staggered mapping pattern
	
	K values

	Number of symbols
	Comb-size 2
	Comb-size 4
	Comb-size 8

	1
	1
	1
	1

	2
	1
	2
	4

	4
	1
	2
	2

	8
	1
	2
	4

	12
	1
	2
	N/A





[bookmark: _Ref20753979][bookmark: _Ref20753976]Figure 1: Staggered RE Mapping Patterns for UL SRS for Positioning

For UL PRS (SRS), adopt resource element pattern defined by the equation:
,
where, K values depend on values of N and M as provided in Table 1
Combination of comb-size 8 and number of symbols 12 is not supported for UL SRS for positioning

BWP and UL PRS (SRS)
The bandwidth of UL PRS is directly proportional to the positioning measurement accuracy. From this perspective it is beneficial to have ability to configure the UL BWP for SRS transmission which is likely to be wider than currently active BWP. In general, the following alternatives need to be analyzed by RAN1 WG:
Alt.1 UL PRS(SRS) is configured and transmitted within active UL BWP only
· It is very unlikely scenario that active UL BWP will be aligned with DL PRS BW and thus from positioning perspective this option does not seems to be reasonable in multi-cell RTT type of applications since performance will be limited by UL
Alt.2 UL PRS(SRS) is configured and transmitted within dedicated BWP configured for UL Positioning
· In this case, UE may need to switch from active UL BWP to dedicated UL BWP for positioning. This option can be used if no additional dynamic signaling is needed to control this switching.
Alt.3 UL PRS configuration and transmission is independent of UL BWP configuration(s)
· This option is aligned with the DL PRS solution and can be also used for NR UL Positioning without any additional physical layer signaling.
In our view, Alt. 2 and Alt.3 can be considered for UL positioning. In order to be consistent with DL PRS solution we have preference to use Alt.3 and enable UE transmission on configured UL PRS resources w/o any dedicated physical layer signaling to control UE behavior.

Based on analysis above, we suggest RAN1 to select between Alt.-2. and Alt.-3. For both alternatives, we assume that UE will transmit UL PRS according to provided configurations w/o any dedicated physical layer signaling to control UE behavior in terms of BWP switching. Oppositely, we assume that UE can autonomously switch for the purpose of UL PRS transmission and back to active BWP once transmission is comleted.


Enable mechanism for configuration of dedicated BWP for UL PRS transmission or independent from UL BWPs configuration of UL PRS (similar to DL PRS)

Review of Higher Layer Parameters for UL PRS
The following table (Table 2) provides discussion on applicability of UL SRS higher layer parameters for UL PRS configuration.
[bookmark: _Ref20821110]Table 2:  Parameters Related to UL PRS/SRS Configuration/Measurements
	Parameter name in specification
	Applicability to NR UL Positioning 
	Value range
	Parent IE

	SRS-ResourceSet
	List of SRS Resources with SRS related configuration settings. Each resource set defines a set of SRS-Resources.

Similar parameter “UL-PRS Resource Set” is needed for NR UL Positioning
	
	SRS-ResourceSet

	SRS-Resource
	SRS resource configuration settings

Similar parameter “UL-PRS Resource” is needed for NR UL Positioning
	
	SRS-Resource

	SRS-ResourceId
	Unique per SRS-ResourceSet index for SRS-Resource
Similar parameter “UL-SRS Resource Id” is needed for NR UL Positioning
	FFS: INTEGER (0..maxNrofSRS-Resources-1)
	SRS-Resource

	nrofSRS-Ports
	Similar to DL Positioning, we assume that “UL-PRS Resource” supports only single port transmission in R16. 
Therefore this parameter is not needed since only single port is assumed and therefore there is no need for configuration.
	port1
	SRS-Resource

	ptrs-PortIndex
	The PTRS port index for this SRS resource for non-codebook based UL MIMO. This is only applicable when the corresponding PTRS-UplinkConfig is set to CP-OFDM. The ptrs-PortIndex configured here must be smaller than the maxNrofPorts configured in the PTRS-UplinkConfig (see TS 38.214 [19], clause 6.2.3.1).

We do not see the need for PTRS in case of UL PRS

	ENUMERATED {n0, n1}
	SRS-Resource

	transmissionComb combOffset
transmissionComb cyclicShift
	transmissionCombComb value (2 or 4 or 8) and comb offset (0..combValue-1) (see TS 38.214 [19], clause 6.2.1)
	n2 combOffset (0,1), cyclicShift (0,…,7)
n4 combOffset (0,..,3), cyclicShift (0,…,11)
n8 comboffset (0,..,7), cyclicShift (0,…,FFS) 
	SRS-Resource

	resourceMapping startPosition
resourceMapping nrofSymbols
FFS: resourceMapping repetitionFactor
	OFDM symbol location of the SRS resource within a slot including number of OFDM symbols (N = 1, 2 or 4 per SRS resource), startPosition (SRSSymbolStartPosition = 0..5;
"0" refers to the last symbol, "1" refers to the second last symbol) and RepetitionFactor (r = 1, 2 or 4) (see TS 38.214 [19], clause 6.2.1 and TS 38.211 [16], clause 6.4.1.4).
The configured SRS resource does not exceed the slot boundary.

Repetition factor is not needed. The number of symbols per resource was increased. Therefore we assume repetitionFactor = 1.

	startPosition INTEGER (0,…,5, 6, …,13)
nrofSymbols ENUMERATED {n1,n2,n4, n8, n12}
FFS: repetitionFactor ENUMERATED {n1,n2,n4}
	SRS-Resource

	freqDomainPosition
	Defining frequency domain position and configurable shift, as defined by the higher layer parameters freqDomainPosition and freqDomainShift, respectively, and described in Subclause 6.4.1.4 of [4, TS 38.211]

If (freqHopping.b-SRS == 0) the value of freqDomainPosition does not affect SRS allocation in frequency

Therefore this parameter may not be needed

	INTEGER (0,…,67)
	SRS-Resource

	freqDomainShift
	Defining frequency domain position and configurable shift, as defined by the higher layer parameters freqDomainPosition and freqDomainShift, respectively, and described in Subclause 6.4.1.4 of [4, TS 38.211]


	INTEGER (0,…,268)
	SRS-Resource

	freqHopping c-SRS
freqHopping b-SRS
freqHopping b-hop
	Includes parameters capturing SRS frequency hopping (see TS 38.214 [19], clause 6.2.1).

In order to disable frequency hopping and support wideband SRS allocation the following settings should be used:
freqHopping b-SRS = 0
freqHopping b-hop ≥ 0

	c-SRS INTEGER (0,…,63)
b-SRS INTEGER (0,…,3)
b-hop INTEGER (0,…,3)
	SRS-Resource

	groupOrSequenceHopping
	Parameter(s) for configuring group or sequence hopping (see TS 38.211 [16], clause 6.4.1.4.2).
	ENUMERATED {neither, groupHopping, sequenceHopping }
	SRS-Resource

	resourceType SRS-PeriodicityAndOffset
	resourceType
Periodicity and offset for semi-persistent and periodic SRS resource (see TS 38.214 [19], clause 6.2.1)

Periodicity and slot offset for this SRS resource. All values in "number of slots". sl1 corresponds to a periodicity of 1 slot, value sl2 corresponds to a periodicity of 2 slots, and so on. For each periodicity the corresponding offset is given in number of slots. For periodicity sl1 the offset is 0 slots


Similar parameter seems needed for NR UL Positioning to support configuration of periodic and semi-persistent transmissions
	sl1 NULL, 
sl2 INTEGER(0..1), 
sl4 INTEGER(0..3), 
sl5 INTEGER(0..4), 
sl8 INTEGER(0..7), 
sl10 INTEGER(0..9), 
sl16 INTEGER(0..15), 
sl20 INTEGER(0..19), 
sl32 INTEGER(0..31), 
sl40 INTEGER(0..39), 
sl64 INTEGER(0..63), 
sl80 INTEGER(0..79), 
sl160 INTEGER(0..159), 
sl320 INTEGER(0..319), 
sl640 INTEGER(0..639),
sl1280 INTEGER(0..1279),
sl2560 INTEGER(0..2559)
	SRS-Resource

	sequenceID
	Sequence ID used to initialize pseudo random group and sequence hopping

Similar parameter is needed for NR UL Positioning sequence generation

	INTEGER (0..1023)
	SRS-Resource

	spatialRelationInfo
	spatialRelationInfo
Configuration of the spatial relation between a reference RS and the target SRS. 

For NR UL Positioning parameter is needed to configure SSB as a reference DL RS

	SSB-Index
	SRS-Resource

	srsResourceSetId
	The ID of this resource set. 

Similar parameter is needed for NR UL Positioning to identify NR UL PRS Resource Set
	FFS:
INTEGER (0..maxNrofSRS- ResourceSets-1)
Or
INTEGER (0..maxSRS- ResourceSetsId-1), where maxSRS- ResourceSetsId – maximum allowed SRS Resource Set Id value
	SRS-ResourceSet

	srsResourceIdList
	The IDs of the SRS-Resources used in this SRS-ResourceSet.

FFS: If this SRS-ResourceSet is configured with usage set to codebook, the srs-ResourceIdList contains at most 2
entries. If this SRS-ResourceSet is configured with usage set to nonCodebook, the srs-ResourceIdList contains at most 4 entries.

Similar parameter is useful for NR UL Positioning to identify resource configurations that belong to NR UL PRS Resource Set

	SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-ResourceId
	SRS-ResourceSet

	resourceType
	Time domain behavior of SRS resource configuration, see TS 38.214 [19], clause 6.2.1. The network configures SRS resources in the same resource set with the same time domain behavior on periodic, aperiodic and semi-persistent SRS.
	aperiodic, semipersistent, periodic
	SRS-ResourceSet

	usage
	FFS Indicates if the SRS resource set is used for beam management, codebook based or non-codebook based transmission or antenna switching. See TS 38.214 [19], clause
6.2.1. Reconfiguration between codebook based and non-codebook based transmission is not supported

The need for this parameter is not obvious. Alternative option could be to define UL PRS or UL SRS for Positioning.

	ENUMERATED {beamManagement, codebook, nonCodebook, antennaSwitching}

	SRS-ResourceSet

	alpha
	alpha value for SRS power control (see TS 38.213 [13], clause 7.3). When the field is absent the UE applies the value 1

This parameter is needed if serving cell RS is configured for OLPC.

	Alpha
	SRS-ResourceSet

	P0
	P0 value for SRS power control. The value is in dBm. Only even values (step size 2) are allowed (see TS 38.213 [13], clause 7.3)

This parameter is needed if serving cell RS is configured for OLPC
	INTEGER (-202..24)
	SRS-ResourceSet

	pathlossReferenceRS
	A reference signal to be used for SRS path loss estimation (see TS 38.213 [13], clause 7.3).
	ssb-Index SSB-Index
DL-PRS-ResourceId
	SRS-ResourceSet

	alpha_neighbor
	alpha value for SRS power control with neighbour TRP/gNB (see TS 38.213 [13], clause 7.3). When the field is absent the UE applies the value 1 if pathlossReferenceRS_neighbour is configured and UE estimated it.

This parameter is needed if neighbour cell RS is configured for OLPC.

	Alpha 
In case if power control fallback mechanism to serving cell will be defined parameters 
	SRS-ResourceSet

	P0_neighbor
	P0 value for SRS power control with neighbour TRP/gNB. The value is in dBm. Only even values (step size 2) are allowed (see TS 38.213 [13], clause 7.3)

This parameter is needed if neighbour cell RS is configured for OLPC.

	INTEGER (-202..24)
In case if power control fall-back mechanism to serving cell will be defined parameters P0 parameter values may be different
	SRS-ResourceSet

	pathlossReferenceRS_neighbour
	A reference signal to be used for SRS path loss estimation (see TS 38.213 [13], clause 7.3) with neighbour TRP/gNB.
If parameter is configured UE use neighbour cell pathloss if its measurement is available otherwise serving cell pathloss

This parameter is needed to configure neighbour cell RS for OLPC.
	ssb-Index SSB-Index
DL-PRS-ResourceId

	SRS-ResourceSet

	srsPowerControlAdjustmentPhase
	Indicates whether hsrs,c(i) = fc(i,1) or hsrs,c(i) = fc(i,2) (if twoPUSCH-PC-AdjustmentStates are configured) or separate close loop is configured for SRS. This parameter is applicable only for Uls on which UE also transmits PUSCH. If absent or release, the UE applies the value sameAs-Fci1 (see TS 38.213 [13], clause 7.3)

Closed loop PC is not needed for NR UL Positioning

	ENUMERATED { sameAsFci2, separateClosedLoop}
	
SRS-ResourceSet



Based on analysis of above table with UL SRS parameters we observe the following:
UL SRS Parameters related to UL hopping are not needed for UL PRS
UL SRS supports multi-port transmission which in not discussed/agreed yet for UL PRS in R16 and single port is recommended
No association with PTRS port index
UL SRS Parameters support closed loop power control which in not agreed yet for UL PRS in R16 and is not recommended to be supported 
UL SRS Resource repetition factor is not needed
The usage field of UL SRS is not applicable for NR UL Positioning
UL PRS may require additional fields to support OLPC with neighbor cell pathloss


At least for NR UL Positioning in Rel.16 agree on the following:
· Do not support UL SRS frequency hopping for UL PRS
· Do not support UL SRS resource repetition factor for UL PRS
· Support only single port for UL PRS
· Do not support association of UL PTRS port index with UL PRS Resource
· Do not support closed loop power control for UL PRS 
· Introduce fields to support OLPC with neighbor cell pathloss and reuse other fields defined for SRS Resource and SRS Resource Set (except usage field)

It should be noted that in NR there no single specific parameter that enables or disable 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:
freqHopping b-SRS = 0
freqHopping b-hop ≥ 0


In order to disable frequency hopping for UL PRS and support wideband transmissions the following parameters freqHopping b-SRS and freqHopping b-hop are set to 0.

On Positioning Usage for UL SRS
The legacy “usage” field of UL SRS is not applicable for NR UL PRS. One of the topics that was discussed by RAN1 WG in the past is whether to introduce “positioning” usage field for UL SRS and thus indicate that this specific SRS resource set is configured for positioning purpose. In our view, this may not be really needed given that UL PRS parameters can be defined and configured through LPP. This option is more clean from specification perspective and avoids any potential confusions as well as overloading of current SRS structure. If this solution is not adopted, the RAN1 will need to discuss which settings of UL SRS are applicable for NR UL positioning and whether they are applicable for other use cases. In order to avoid this, we prefer to introduce dedicated structure for UL PRS or UL SRS-Positioning.


Introduce dedicated structure and parameters for UL PRS configuration (reusing UL SRS structure)

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

Proposal 1:
For UL PRS (SRS), adopt resource element pattern defined by the equation:
,
where, K values depend on values of N and M as provided in Table 1
Combination of comb-size 8 and number of symbols 12 is not supported for UL SRS for positioning
Proposal 2:
Enable mechanism for configuration of dedicated BWP for UL PRS transmission or independent from UL BWPs configuration of UL PRS (similar to DL PRS)
Proposal 3:
At least for NR UL Positioning in Rel.16 agree on the following:
· Do not support UL SRS frequency hopping for UL PRS
· Do not support UL SRS resource repetition factor for UL PRS
· Support only single port for UL PRS
· Do not support association of UL PTRS port index with UL PRS Resource
· Do not support closed loop power control for UL PRS 
· Introduce fields to support OLPC with neighbor cell pathloss and reuse other fields defined for SRS Resource and SRS Resource Set (except usage field)
Proposal 4:
In order to disable frequency hopping for UL PRS and support wideband transmissions the following parameters freqHopping b-SRS and freqHopping b-hop are set to 0.
Proposal 5:
Introduce dedicated structure and parameters for UL PRS configuration (reusing UL SRS structure) 
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Annex-A: RAN1#96bis Agreements on UL PRS
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
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