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Introduction
In this document, we provide summary of the offline discussion on NR Positioning WI where the following aspects were discussed: DL reference signal design, UL reference signal design and relationship between reference signals and measurements for NR Positioning.
Reference Signals, Measurements and Positioning Techniques
Proposal (Offline Consensus):
	It is RAN1 understanding that discussion on mapping of positioning techniques to reference signals and measurements is out of RAN1 scope and therefore RAN1 does not intend to define such mapping. 
It is RAN1 understanding that RAN2 will define signalling that can support any RAT dependent positioning technique including hybrid RAT dependent positioning solutions
RAN1 agreed on the tables below that provide mapping between reference signals and measurements based on the latest status of RAN1 discussion
FFS on use of additional reference signals for UE/gNB measurements 
The positioning techniques are indicated for information purpose as examples and do not intend to influence higher layer signalling to be developed by RAN2

	DL/UL Reference Signals
	UE Measurements
	To facilitate support of the following positioning techniques

	Rel.16 DL PRS
	DL RSTD
	DL-TDOA, DL-AoD

	Rel.16 DL PRS
	DL PRS RSRP
	DL-TDOA, DL-AoD, Multi-RTT

	Rel.16 DL PRS / Rel.16 SRS for positioning 
	UE Rx-Tx time difference
	Multi-RTT

	Rel. 15 SSB
	SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM)
	E-CID



	DL/UL Reference Signals
	gNB Measurements
	To facilitate support of the following positioning techniques

	Rel.16 SRS for positioning
	UL RTOA
	UL-TDOA

	Rel.16 SRS for positioning
	UL SRS-RSRP
	UL-TDOA, UL-AoA, Multi-RTT

	Rel.16 SRS for positioning, Rel.16 DL PRS
	gNB Rx-Tx time difference
	Multi-RTT

	Rel.16 SRS for positioning,
	AoA and ZoA
	UL-AoA, Multi-RTT




DL PRS Reference Signal Design
DL PRS Sequence Initialization
Companies provided the following views with respect to the DL PRS sequence initialization:
 should depend on the slot and symbol index. Support resource specific PRS [Mitsubishi, [2]]
The  value for DL PRS sequence generation should take the cell/TRP ID, CP type, slot/symbol number, beam information into account [vivo, [3]]
Consider time-varying encryption ID for PRS generation, or only support Cell-specific configuration. Define the PRS sequence generation seed as one of the following [ZTE, [5]]:
·  or 
· 
Different PRS resources within a PRS resource set should transmit correspondingly same sequences for detecting [ZTE, [5]]
The initialization of DL PRS sequence shall include slot number, OFDM symbol number, the ID associated with a DL PRS resource set and CP value [OPPO, [7]]
Consider the easy extension by modifying the seed generation equation for CSI-RS to support 4096 ID number for positioning purpose [MediaTek]:
, 
     Another consideration is to extend CSI-RS seed generation to support more ID number. The current ID number for CSI-RS is 0 to 1023.

For notational convenience, let
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The CSI-RS seed generation can then be re-written as, 
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 An offset should be added in order to avoid overlapping on the seed value for ID index >= 1024. Now we have,
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The offset can be given by
[image: ]
Through the simulation, a= 229 is feasible.

cinit value should depend on slot number, OFDM symbol number, cell ID, CP and PRS resource ID [Samsung, [9]]
The pseudo-random sequence generator for DL PRS shall be initialized with follows [CATT, [10]]

where   is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  is PRS sequence ID, where  and 
Support 8192 DL PRS Sequence IDs [CATT, [10]]
Keep 4096 as a number of sequences for NR Positioning [Intel, [11]]
Apply the same cinit values for DL PRS Resources with different or similar DL TX spatial filter within DL PRS Resource Set [Intel, [11]]
For   initialization, apply equation as follows [Intel]:

Consider the introduction of different sequence initialization values for a PRS resource transmitted from different TPs, since it is difficult to use all of the independent PRS resources between many TPs [LGE]
NR should consider a new DL PRS sequence generation mechanism to improve the auto-correlation performance of PRS [BUPT, ZTE, CAICT]
The initial value of the PRS sequence should take the cell/TRP ID, CP type, slot/symbol number, beam ID into account. Support 4096 as the number of DL PRS Sequences [BUPT, ZTE, CAICT]
Use the following c_init formula for scrambling initialization at the start of each OFDM symbol [Qualcomm]:

where is the slot number within a radio frame of each TRP transmitting the PRS resource,  is the OFDM symbol number within a slot and  is higher layer configured for each PRS resource with a size of 16 bits.
We propose that Zadoff-Chu sequences should be considered, as an alternative to Gold sequences in combination with cyclic shifts [Ericsson]
· Such PRS use 12 free bits for different sequence ID () combinations. The symbol counter parameters are contained in 7( + 1) + l + 1, which occupy 8 bits in total and ranges from 8 to 147. 
· An alternative to the normal CP LTE PRS used e.g. for 15 kHz SCS NR could be:
· 
· where the symbol counter t depends on ns and l and ranges from 8 to 147. 

Considering that different options for DL PRS sequence initialization are proposed by companies, we suggest to continue discussion on DL PRS sequence initialization () together with details of DL PRS resource allocation and UE TX/RX beam sweeping behavior.

Proposal (Offline Consensus):
  is a function of PRS sequence ID, slot index and symbol index
· FFS other parameters and initialization details till the RAN1#98bis meeting

Note: companies are encouraged to work further and harmonize proposals for initialization of 

RE Offset for DL PRS
DL PRS resource element mapping pattern was discussed in multiple contributions. The following sub-bullets represent views from multiple companies:
Mapping of at least comb-N PRS pattern for N symbols should be supported. Support staggered patterns (a collection of PRS symbols from the same antenna port with different vertical frequency offsets for at least some symbols) in a single PRS resource. Support RB-level comb pattern for PRS [Mitsubishi, [2]]
Support PRS patterns constructed with repetition of basic patterns. Non-staggered DL PRS pattern is not supported. Support configuring RE offset to form a staggered PRS pattern by defining a RE offset as the relative offset in frequency domain between PRS REs on two adjacent PRS symbols in a PRS resource. RE offset value is configurable from a set including all integers which are factor of and smaller than the Comb size. The configured number of symbols for PRS resource should not be less than a value which is equal to Comb size divided by the RE offset. [vivo, [3]]
DL PRS RE mapping should support a staggered pattern with: The value of v_shift changes by a constant value (e.g., 1) from DL PRS symbol to DL PRS symbol within a DL PRS resource. [Nokia, [6]]
One frequency offset parameter is included in a DL PRS Resource. The frequency offsets of the PRS REs in the OFDM symbols of a DL PRS Resource are derived based on the frequency offset parameter together with the OFDM symbol index in a slot. [CATT, [10]]
Resource element offset in frequency domain depends on configured number of symbols and comb-size N configured per resource varies depending on symbol index of DL PRS Resources varies. For DL PRS adopt resource element patterns provided by Table 2 illustrated by Figure 6 in [Intel, [11]]
Not support the non-staggered RE patterns for a NR PRS resource. Support a single frequency RE offset (Comb-offset) value for a NR PRS resource. E.g., the single offset value can be the frequency RE offset of the first OFDM symbol of a PRS resource, and offset(s) for other symbols could be defined based on the indicated single RE offset. [LGE, [12]]
One RE Offset in frequency domain is provided per PRS resource which applies to the first symbol of the PRS resource occasion, and the remaining symbols are deterministically chosen from a predefined sequence. FFS: the deterministic sequence of offsets [Qualcomm, [15]]
One frequency offset is used for a PRS resource and applied to the comb pattern for each symbol. [Ericsson, [16]]

[bookmark: _GoBack]Proposal (Offline Consensus):
The RE pattern of a DL PRS resource is configured with a RE Offset in frequency domain for the first symbol in an DL PRS resource
The relative RE offsets of following symbols are defined relative to the RE Offset in frequency domain of the first symbol in the DL PRS resource
A relative RE offset of each of the following symbols is derived from the configured number of symbols for an DL PRS resource, the comb size for the DL PRS resource and the DL PRS Resource symbol index within the DL PRS resource

DL PRS Spatial TX Filter Repetition

Proposal for discussion:
DL PRS Resource Set can be configured to have all DL PRS resources transmitted with the same DL TX spatial filter

DL PRS Muting
Support of DL PRS muting was agreed at the RAN1#96bis with design details left open for further discussion. The following views were expressed by companies in submitted contributions:
Support PRS muting configuration [Huawei, [1]]
· At least per PRS resource set
· FFS per PRS resource, or per TP,
· With the indication granularity of per PRS occasion group and per PRS occasion.
PRS Muting pattern should be configured at resource set level [Mitsubishi, [2]]
Slot level granularity for PRS muting patterns should be supported [Mitsubishi, [2]]
Indicate PRS schedule with active PRS resource bit string and PRS resource set muting string [ZTE, [5]]
PRS Muting is configured per DL PRS resource and Muting is configured in DL PRS period-level, frequency-domain resource allocation-level, slot repetition-level within one period and symbol-level within one DL PRS resource [OPPO, [7]]
PRS Muting should only be supported in a pre-defined manner and its configuration should depend on comb pattern. Frequency domain muting should also be supported [Samsung, [9]]
RB-level muting in the frequency domain [Mitsubishi Electric, [2]]
NR should consider introducing the muting for the DL PRS transmission. The PRS muting patterns should take the multibeam transmission of the DL PRS signals into consideration [CATT, [10]]
· Muting configurations can be supported in different levels, including 1) at the level of PRS occasion groups; 2) at the level of  PRS occasions; 3) at the level of PRS resource sets, and 4) at the level of PRS resources [CATT, [10]]
NR supports DL PRS muting at the DL PRS Resource Set (i.e. TRP) level. DL PRS Resource Set is configured with bitmap pattern that indicates muting of DL PRS Resource Set across DL PRS occasions and DL PRS Resource Set repetitions [Intel, [11]]
· NR supports random DL PRS Resource Set muting across sets of PRS occasions [Intel, [11]]
Decide one or more of the PRS muting unit/level among PRS resource, PRS resource set, and TP [LGE, [12]]
A PRS resource set with N_resources resources can be configured with up to N_muting T_rep-bit muting pattern(s) where each bit of the sequence controls whether a corresponding occasion of an associated muting group of the N_muting muting groups of the PRS resources of the set is muted or not [Qualcomm, [15]]
· 	N_muting=1 is supported (i.e., all PRS resources of the set have the same muting pattern)
· 	FFS: other values of N_muting 
· 	T_rep=[2,4,8,16] is supported 
· 	FFS: other values of T_rep
· 	Note: It shall be possible to configure the same N_muting  muting pattern(s) for all PRS resource sets of a gNB even if they have different periodicities.
· 	FFS: Further ways to reduce the configuration overhead (e.g., cyclic shifted muting patterns, permutation-based muting patterns, randomized muting patterns). 
Each PRS resource is configured with a muting pattern. The muting pattern is defined by a bitstring combined with a ‘muting pattern aggregation number’ Nmuting. Each bit in the bitstring is repeated Nmuting times to create the muting pattern. The whole muting pattern is then itself repeated as many times as needed to cover a SF [Ericsson, [16]]

Proposal for discussion:
DL PRS muting is controlled by pre-configured bitmap pattern(s) of length N = {2, 4, 8, 16}, repeated within SFN cycle
· 	the position of the n-th bit set to ‘0’ indicates muting on the k-th DL PRS occasion (mod(k, N) = n)
· FFS support of randomized muting patterns
DL PRS muting is supported at least at DL PRS Resource Set level (i.e. transmissions on all DL PRS Resources of a given DL PRS Resource Set in a given DL PRS occasion are muted) 
· FFS support of muting at DL PRS Resource level

 DL PRS Resource Set Configuration
The following views were expressed with respect to the DL PRS Resource Set configuration:
Support configuration of the following parameters of the DL PRS resources in the DL PRS resource set have the common values [Huawei, [1]]
· Comb size N
· Number of symbols per DL PRS resources
· Number of Tx ports
· Transmission bandwidth and starting PRB with respect to Point A
· Numerology 
· Period
The point A of neighboring cells should be configured by LMF. The point A of DL PRS resource should be configured at DL PRS Resource Set level [vivo, [3]]
To apply same values of comb size-N, number of symbols, number of Tx Ports, transmission bandwidth and starting PRB with respect to Point A, and numerology for all Resources within a Resource Set. These parameters should belong to the configuration of a Resource Set. [Nokia, [6]]
· Comb size-N, 
· Number of symbols, 
· Number of Tx Ports, 
· Transmission bandwidth and starting PRB with respect to Point A, 
· Numerology
 A DL PRS resource set should be defined with at least following parameters [Samsung, [9]]
· Comb Size-N
· RE Offset in frequency domain
· Number of symbols per DL PRS Resource
The following parameters are per DL PRS Resource set, if they are agreed to be introduced [CATT, [10]]
· 	Number of Tx Ports (in case more than 1 Tx antenna port is supported)
· 	Power offset b/w DL PRS and SSB
· 	Transmission bandwidth and starting PRB with respect to Point A
· 	Numerology
The following parameters describing DL PRS Resource are defined at DL PRS Resource Set level or above [Intel, [11]]:
· Resource Element Offset in Frequency Domain
· Bandwidth of DL PRS Resource
· Start PRB of DL PRS Resource
· Comb-N Size of DL PRS Resource
· Number of symbols per DL PRS Resource
· Periodicity of DL PRS Resource Allocation
· Numerology of DL PRS Resource (Subcarrier Spacing and Cyclic Prefix)
DL PRS Resource Set is described at least by the following attributes [Intel, [11]]:
· Cell ID
· DL PRS Resource Set ID
· Time Offset of DL PRS Resource Set
· List of DL PRS Resource IDs
· Number of DL PRS Resource Set Repetitions
· Spatial Filter Indicator (Repetition On/Off)
· Muting Pattern(s)
Support of “repetition on/off” parameter is proposed in multiple contributions [LGE, Intel, MediaTek]

Proposal for discussion:
The following parameters describing DL PRS Resource are defined at DL PRS Resource Set level
· Resource Element offset in frequency domain
· Bandwidth of DL PRS Resource
· Start PRB of DL PRS Resource
· Comb-N Size of DL PRS Resource
· Number of symbols per DL PRS Resource
· Periodicity of DL PRS Resource allocation
· Numerology of DL PRS Resource (subcarrier spacing and cyclic prefix)
DL PRS Resource Set is described at least by the following additional parameters:
· Cell ID
· DL PRS Resource Set ID
· Time offset of DL PRS Resource Set
· List of DL PRS Resource IDs
· Number of DL PRS Resource Set repetitions
· Repetition On/Off (DL TX spatial filter indicator)
· Muting pattern(s)


UL PRS Reference Signal Design
Number of Symbols of UL PRS Resource
Proposal for discussion:
UL SRS resource for NR positioning supports configuration of 14 symbols
The proposal above was discussed but a few companies have expressed opinion that benefits comparing to 12 symbol configuration are limited.
Power Control

Proposal for discussion:
Closed Loop PC is supported when pathloss corresponding to RS of serving cell is used for OLPC
Closed Loop PC is not supported for the case when pathloss corresponding to RS of neighbour cell is used for OLPC
The proposal above was discussed but a few companies have expressed opinion that closed loop power control should not be supported for NR UL Positioning.

Conclusions
In this contribution, we have provided overview of several NR positioning design aspects. In addition, tentative proposals have been made based on outcome of the offline discussion.
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