3GPP TSG RAN WG1 #97            			       R1-1906719
Reno, USA, May 13th – 17th, 2019
Agenda Item:	7.2.10.1
Source: 	LG Electronics
Title: 	Discussions on DL Reference Signals for NR Positioning
[bookmark: Source]Document for:   Discussion and decision
Introduction
Regarding the reference signal design, the following agreements were made in 3GPP RAN1 #96bis meeting [1], which is captured as follows:
	Agreement:
· A DL PRS Resource Set is defined as a set of DL PRS Resources, where each DL PRS Resource has a DL PRS Resource ID
· The DL PRS Resources in a DL PRS Resource set are associated with the same TRP
· A DL PRS Resource ID in a DL PRS Resource set is associated with a single beam transmitted from a single TRP (A TRP may transmit one or more beams)
· Note: This does not have any implications on whether the TRPs and beams from which signals are transmitted are known to the UE. 

Agreement:
· DL PRS sequence is generated using a Gold sequence generator as defined in TS 38.211 Section 5.2.1
· FFS: cinit value for DL PRS
· QPSK modulation is used for the DL PRS signal transmitted using CP-OFDM
· FFS: Whether a DL PRS sequence generated using a different mechanism is also specified

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.
 
Agreement:
Comb-N resource element pattern per DL PRS Resource is supported to map DL PRS sequence to resource elements in frequency domain
· Comb-N pattern can shift in frequency domain across symbols within DL PRS Resource
· FFS values for N. The potential values for down-selection are provided in the set {1,2,3,4,6,8,12}
· FFS relationship between N and number of symbols per DL PRS Resource 
· FFS support of staggered and non-staggered patterns and exact definition of staggered pattern

Agreement:
DL PRS configuration including DL PRS transmission schedule is to be indicated to the UE for DL PRS positioning measurements
· The UE is not expected to perform any blind detection of DL PRS configurations

Agreement:
Number of DL PRS Sequence IDs is at least 4096

Agreement:
Support of numerologies (CP length and sub-carrier spacing) for the DL PRS is the same as for data transmissions in Rel-15.
Agreement:
DL PRS muting is supported. The UE is expected to be indicated when the DL PRS is muted.


Based on the agreements above, we mainly discuss the DL reference signal design to support NR positioning especially for the issues on PRS resource and resource set configuration considering TX/RX beam sweeping, PRS bandwidth configuration and whether or not to support the current DL reference signals for NR positioning.

Discussion on Downlink Reference Signal Design 
DL PRS for NR positioning 

PRS bandwidth
Regarding PRS signal bandwidth configuration, it was agreed that “the DL PRS configuration provided to the UE is independent of the configured DL BWPs of the UE”, so it is reasonable that the UE can measure outside the configured DL BWP if the measurement gap is configured. The potential benefits are not clear through the restriction of the UE measurement within the configured BWP in spite of the measurement gap configuration. This is also mentioned in our companion contribution [2].

NR PRS resource
For NR PRS resource, comb-N RE pattern was agreed for the frequency-domain RE pattern from the previous meeting as follows, and several FFS points are discussed below.
	Agreement:
Comb-N resource element pattern per DL PRS Resource is supported to map DL PRS sequence to resource elements in frequency domain
· Comb-N pattern can shift in frequency domain across symbols within DL PRS Resource
· FFS values for N. The potential values for down-selection are provided in the set {1,2,3,4,6,8,12}
· FFS relationship between N and number of symbols per DL PRS Resource 
· FFS support of staggered and non-staggered patterns and exact definition of staggered pattern



Proposal 1: 
· For the value of N, NR positioning supports at least 3, 4, and 6.

Regarding support of staggered patterns, the advantage of this compared to the use of non-staggered patterns was clearly shown through NR positioning SI and most of the companies have shared a similar view on the staggered RE pattern as a strong candidate of the PRS RE pattern design, since this pattern shows better cross-correlation peak characteristic than non-staggered pattern. In consideration of this staggered RE pattern for N OFDM symbols occupied by a PRS resource, configurable frequency RE density (REs/symbol/PRB) and the number of spanning OFDM symbols of a PRS resource should be jointly considered. For example, if comb-3 is considered (the frequency RE density of a PRS resource is 4 [RE(s)/symbol/RB]), then this PRS resource needs to span 3 consecutive OFDM symbols, which can be seen in Figure 2 (a).
Proposal 2:
· NR positioning needs to support the staggered RE pattern of a single PRS resource. The number of occupied OFDM symbols of a PRS resource, denoted by N, needs to be configurable, and the frequency RE pattern of the occupied symbols is comb-N with difference comb offset.
Note: staggered RE pattern of PRS
· For a single PRS resource occupying N OFDM symbols, frequency-domain RE pattern of each OFDM symbol is Comb-N and Comb-offset (frequency-domain RE offset) for each OFDM symbol is different so that the whole subcarriers within a RB are occupied by PRS RE of the PRS resource.

In consideration of PRS transmitted by multiple TX beam(s) from a gNB/TP, PRS resource set needs to be defined for a more efficient configuration of the PRS resource and measurement/reporting behaviour at UE side. For example, let us see Figure 1, where a gNB/TP transmits PRS resources in multiple directions through TX beam sweeping to the target UE#1 and UE#2. Intuitively, the PRS resource(s) transmitted in the gNB3 direction would not be meaningful to UE#1 since those are deviated from the LoS direction for between gNB2 and UE#1. Thus, it would be reasonable that UE#1 performs the ToA(s) measurement for the PRS resource set #1 and considers only the PRS resources included in the PRS resource set #1 when calculating the RSTD with the PRS resource(s) transmitted from other gNB(s)/TP(s).
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[bookmark: _Ref993284]Figure 1. An illustrative example for PRS transmission of a gNB/TP with multiple TX beams, where each TX beam is mapped to a single PRS resource, and TX beams denoted by bold line are PRS resource set #1 and the TX beams denoted by dashed line are PRS resource set #2.

Time duration of a UE for the PRS transmission and reception, which might be called as PRS occasion, could be unnecessarily increased if all of the PRS resources are configured in the cell-specific way.

Proposal 3: 
· PRS resource configuration needs to be UE-specific.

Proposal 4: 
· The UE could be indicated by the network to report the information on a specific PRS resource and a PRS resource set including the PRS resource chosen by the UE as a reference for RSTD calculation.

NR PRS design considering multi-beam operation
In the previous meeting, it was agreed that NR DL PRS design for FR1 and FR2 supports use of DL beam sweeping/alignment, since the measurement values obtained through PRS such as RSRP, RSTD and ToA would be different depending on the transmitted beam directions of a single gNB/TP, and hence it might be reasonable that the target UE should be able to discriminate the PRS resource(s) transmitted with different TX beam directions from a single gNB/TP as well as the PRS resource(s) transmitted from different gNBs/TPs.
Fundamentally, the target UE should at least know whether each PRS resource within a PRS resource set is transmitted by the same or different TX beam, since the UE needs to determine whether or not to change the RX beam over the multiple symbols to receive the PRS resource(s). For this purpose, the following two approaches could be considered from the perspective of RS design.
1) Similar to CSI-RS for beam management, we can consider the introduction of a configuration parameter for each PRS resource set, denoted by “repetition” of 3GPP TS38.331. If the repetition configuration parameter of a PRS resource set is configured with “ON”, the target UE could assume the PRS resources within the PRS resource set are transmitted through the same TX beam. Also, if the repetition parameter is set to “OFF”, the target UE could assume the PRS resources within the PRS resource set are transmitted through different TX beams.
2) As another option, a systematic design of the PRS transmission and reception unit could be considered, so that the UE can implicitly or explicitly know whether the TX beam(s) of each gNB/TP is changed or not during a certain time period. For example, with respect to the same RX beam, PRS block could be defined considering overall TX beams from one or more TP(s)/gNB(s).
For the first option, we need to discuss how to support the configuration signalling in order to configure the repetition set to “ON” or “OFF”. In case of CSI-RS, the repetition parameter is controlled through RRC signalling with the configuration signalling for CSI-RS resource(s) and resource set(s). However, PRS would be configured by location server signalling and its configuration might be difficult to be dynamic.
For the second option, detailed design principle needs to be discussed. Regarding this option, we introduce a concept and structure of PRS block as a basic unit for the PRS transmission and reception considering TX beam sweeping period, and design PRS occasion composed of multiple PRS blocks. More specific descriptions are given below.
It can be considered that the UE(s) would be configured with multiple PRS resource(s) associated with a single gNB/TP where one or multiple PRS resource(s) could be mapped to a single PRS TX beam of the gNB/TP, and a PRS resource set containing one or multiple PRS resources is associated with a single TP/gNB according to the first agreement captured in Section 1.
[image: ]
(a) PRS resource and PRS resource set                               (b) PRS block
[bookmark: _Ref534984894]Figure 2. An illustrative example of PRS block structure
For the effective ToA measurement for both of the reference cell and neighbour cell, the target UE should be able to simultaneously and repeatedly receive PRS resources transmitted from multiple gNBs/TPs, where this feature is well reflected in the LTE PRS configuration such as “PRS occasion and occasion group”. In NR PRS, this occasion concept would also need to be introduced.. In contrast with the LTE PRS, however, PRS occasion in NR needs to be designed considering the time-domain beam sweeping behaviour of the gNB/TP and the UE(s). 
For this purpose, we first define a PRS block as a basic unit for the PRS transmission and reception for the measurement and/or reporting with respect to a fixed RX beam considering the TX beam sweeping of multiple gNBs/TPs, and then we design the “NR PRS occasion” as a repeated structure of a “PRS block”. Conceptually, we suggest that the PRS block design with multiple PRS resource sets considering the following aspects. 
· In terms of a single gNB/TP, all of the PRS resources within a PRS resource set are transmitted within a single PRS block, i.e., PRS is transmitted with multiple TX beams. 
· In consideration of overall gNBs/TPs, overall frequency RE(s) and time RE(s) within a RPS block are fully occupied by the PRS resource sets such as Figure 2.
As an intuitive example, let us consider three TPs where the TX beam sweeping periodicity of those TPs is two. For this case, there are three PRS resource sets and each one contains two PRS resources that can be respectively configured for two TX beams of each TP. The time-frequency RE pattern of the PRS resources satisfying the design constraints described above is depicted in the left-side of Figure 2 (denoted by (a)), and the PRS block structure is depicted in the right-side of this figure.
Then, the PRS occasion can be depicted as N times repeated structure of the PRS block shown in Figure 3. The network/LMF transmits the PRS block repeatedly, and then the UE may be able to RX beam sweeping according to its capability, or receive the PRS block for the improvement of hearability. 
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[bookmark: _Ref534984824]Figure 3. An illustrative example of NR PRS occasion which is shown as a repeated structure of a single PRS block.

As a baseline approach for the PRS occasion design from this example, the number of PRS TX (sweeping) beams in a PRS block could be the same between different gNBs /TPs, and let us assume that the number of gNBs/TPs which transmit PRS simultaneously in the same PRS occasion is “K”. Then, the frequency RE density satisfying the PRS design consideration points mentioned above can be simply determined as 12/K, and the time duration of the PRS block can be determined by  symbols where M denotes the number of PRS TX (sweeping) beams.

Proposal 5: 
· NR positioning supports that the UE should at least know whether each PRS resource within a PRS resource set is transmitted by the same or different TX beam, since the UE needs to determine whether or not to change the RX beam over the multiple symbols to receive the PRS resource(s).
· Option 1: Introduce a configuration parameter for each PRS resource set such as “repetition” which can be set to “On” or “Off”, which is similar to CSI-RS resource set configuration.
· Option 2: Design PRS occasion composed of one or more PRS blocks with consideration for TX and RX beam sweeping.

Consideration on NR PRS sequence design
In the previous meeting, it was agreed that the PRS sequence is generated using Gold sequence and sequence initialization value remains as FFS, which is captured in the 2nd agreement in Section 1. For the sequence initialization of PRS, PRS resource configuration perspective needs to be firstly considered. 
Each PRS resource set is associated with a single gNB/TP, and many PRS resource sets need to be configured in order to provide many RSTD measurements for high accuracy positioning. In consideration of the geometry and the efficient use of the time-frequency resource, it is difficult to guarantee that all of the PRS resource set contain independent PRS resources for providing separated time-frequency resource for PRS transmission. For example, let us assume that a PRS resource #1 is transmitted from gNB#1 intended to UE#1. Intuitively, a gNB #10 which is far from gNB #1 can also transmits the PRS resource #1 intended to another UE, but it is desirable to discriminate the PRS resource at the UE side. In addition, it would be desirable to use different the sequence initialization value according to the symbol index, slot index, scrambling ID, and so forth.
Proposal 6: 
· PRS sequence initialization needs to consider that a PRS resource can be contained in different PRS resource sets

Consideration on the current DL RS for NR positioning
SS block for NR positioning
Synchronization signal block (SSB) could be considered as a possible candidate used for NR positioning, which is transmitted in a burst form with periodicity from 5 ms to 160 ms. The SSB for L1-RSRP and L3-RSRP measurement would be respectively appropriate for the single-cell based and multi-cell based positioning technique, but several practical limitations need to be considered. Firstly, the signal bandwidth configuration of SSB is fixed to 20 RBs. Even though the actual bandwidth size is different according to the numerology, 20 RBs signals would be appropriate for rough or initial estimation of the UE’s location by OTDOA technique. In addition, for the inner-cell UE(s), the hearability for SSB(s) transmitted from neighbouring cell(s) would be a major limitation to apply the multi-cell based positioning technique(s) such as OTDOA and multi-cell RTT, since the time-frequency orthogonality between transmitted SSBs from multiple cells is not always guaranteed from the perspective of the UE(s). For the cell-edge UE(s), detection of multiple SSBs from neighbouring cells would be highly possible. It would be reasonable that SSB is basically used for single-cell based positioning utilizing RSRP and is used for OTDOA or multi-cell RTT technique for the UEs when they are capable of detecting SSBs transmitted from multiple cells.
Proposal 7: 
· SSB can be used for OTDOA and/or multi-cell RTT technique for the UEs when they are capable of detecting SSBs transmitted from multiple cells.
Also, it would be beneficial for NR positioning by joint utilization of the SSB and DL PRS could be considered for NR positioning as well as SSB only, which is also discussed in our companion contribution [2].

Conclusion
In this contribution, we describe our views on DL reference signal design for NR positioning, and summarize our proposals as follows:
Proposal 1: 
· For the value of N, NR positioning supports at least 3, 4, and 6.

Proposal 2:
· NR positioning needs to support the staggered RE pattern of a single PRS resource. The number of occupied OFDM symbols of a PRS resource, denoted by N, needs to be configurable, and the frequency RE pattern of the occupied symbols is comb-N with difference comb offset.

Proposal 3: 
· PRS resource configuration needs to be UE-specific.

Proposal 4: 
· The UE could be indicated by the network to report the information on a specific PRS resource and a PRS resource set including the PRS resource chosen by the UE as a reference for RSTD calculation.

Proposal 5: 
· NR positioning supports that the UE should at least know whether each PRS resource within a PRS resource set is transmitted by the same or different TX beam, since the UE needs to determine whether or not to change the RX beam over the multiple symbols to receive the PRS resource(s).
· Option 1: Introduce a configuration parameter for each PRS resource set such as “repetition” which can be set to “On” or “Off”, which is similar to CSI-RS resource set configuration.
· Option 2: Design PRS occasion composed of one or more PRS blocks with consideration for TX and RX beam sweeping.

Proposal 6: 
· [bookmark: _GoBack]PRS sequence initialization needs to consider that a PRS resource can be contained in different PRS resource sets

Proposal 7: 
· SSB can be used for OTDOA and/or multi-cell RTT technique for the UEs when they are capable of detecting SSBs transmitted from multiple cells
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