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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#98b meeting, significant progress in DL PRS design was achieved [1]. The higher layer parameters for DL-PRS configuration and related UE features were discussed.
In this contribution, we are going discuss the remaining issues for DL PRS design.

[bookmark: _Ref129681832]Discussion
Extra comb value and extra number of symbols
Supporting comb-12 PRS pattern has the following benefits:
· It allows more PRS resources to be multiplexed on the same OFDM symbol, as it reduces the PRS colliding among cells within the PRS coverage. This is very important if each base station is composed of 3 sectors, and PRS from each sector is associated with a different initial RE offset, in which case, one base station (one geographic location) uses 3 RE offsets. It makes it very difficult for frequency multiplexing of multiple base stations on the symbol, if only comb-2, comb-4, and comb-6 are supported.
· PRS RE mapping can be compatible with existing 1-port CSI-RS with frequency domain density 1. Rel-15 1-port CSI-RS has three frequency domain densities, i.e., 0.5 (every other RB has 1 RE), 1 (mostly used for BM CSI-RS and RRM CSI-RS), and 3 (mostly used for TRS). Comb-4 is now mapped to TRS, but the comb-12 that can be potential shared with BM CSI-RS and RRM CSI-RS has not been supported. The potential resource sharing between PRS and CSI-RS is very attractive for the case for indoor operation, for example, when the maximum propagation distance difference is 100 meters, even single-symbol comb-12 (CSI-RS for RRM) with 120kHz SCS can be used without causing any ambiguity, as shown in Table 1.
[bookmark: _Ref23166922]Table 1 Delay and ambiguity region for comb-12
	Maximum propagation distance difference = 100m

	Maximum delay difference
	0.33us

	Ambiguity region for comb-12
	30kHz
	1 symbol
	2.78us

	
	
	2 symbols
	5.56us

	
	120kHz
	1 symbol
	0.694us

	
	
	2 symbols
	1.39us


Note that to meet the commercial requirements for indoor positioning, it is expected that gNB synchronization requirements should be higher than those for TDD carrier phase synchronization, i.e., 3us. If through whichever mechanism the synchronization error is reduced to 10ns level, this uncertainty added to the maximum delay difference still would not exceed the ambiguity region for comb-12.
Observation 1: The ambiguity region for comb-12 is sufficient for indoor deployment.
Regarding the PRS power boosting, i.e., the ratio between EPRE of PRS and EPRE of other signals/channels, it is up to RAN4’s decision. However, Rel-15 has already supported comb-12 for CSI-RS for beam management without RE-level multiplexing with PDSCH, and it should be feasible to apply comb-12 to PRS.
Considering the benefit of comb-12 PRS RE mapping, 12 symbols and 14 symbols of a PRS resource should be supported so that either a full staggering pattern or a half-staggering with repetition can be supported. The benefit of repetition is to allow UE to estimate the frequency offset introduced by CFO or Doppler. This would also enable coherent combining across consecutive repetition slots. Besides, 1 symbol PRS can be used for indoor, where both the coverage and the ambiguity region is not of concern.
Proposal 1: Support comb-12 with the following number of symbols and relative RE offsets
· 1 symbol: {0}
· 12 symbols: {0, 6, 3, 9, 1, 7, 4, 10, 2, 8, 5, 11} and {0, 6, 2, 8, 4, 10, 0, 6, 2, 8, 4, 10}
· 14 symbols: {0, 6, 3, 9, 1, 7, 4, 10, 2, 8, 5, 11, 0, 6}
If 1, 12 and 14 symbols for comb-12 with are supported, we do not see the need to limit those to only comb-12, all the other comb values can be considered by extending the existing pattern repeatedly.
Proposal 2: Extend the support of 1, 12 and 14 symbols for comb-12 to other comb values.

Potential multiplexing with E-UTRA PRS
In case of dynamic spectrum sharing between NR and LTE, there is possibility that one or multiple neighbouring gNBs/eNBs may transmit LTE PRS to meet the regulatory requirements. Since there is a dedicated subframe for LTE PRS transmission, which is a low-interference subframe, transmitting NR PRS in that subframe is a natural choice. However, to allow NR PRS to multiplex with LTE PRS, the following facts should be considered.
· Synchronous cell deployment should be assumed between NR and LTE, which may not be big issue since both RATs are transmitted from a single base station.
· LTE PRS has discontinuity at the half-subframe boundary.
· LTE PRS is comb-6 with stair-case staggering.
· LTE PRS are punctured by CRS symbols.
In order to design NR PRS that can be FDMed with E-UTRA PRS, only comb-6 and comb-12 with 15kHz subcarrier spacing should be consider with staircase staggering.
[bookmark: _Ref16669386]Proposal 3: To support NR-PRS to be multiplexed with LTE PRS, only comb-6 and comb-12 with 15kHz subcarrier spacing with staircase staggering should be considered, with
· Additional 1-RE offset for symbol .

PRS collision with other reference signals
In LTE, the PRS is not mapped to RBs allocated to the core part of PBCH, PSS, SSS, PDCCH, or PDSCH from the same cell [2]. Similarly, for NR, collisions between SSB/PDCCH/PDSCH and PRS should be avoided. This can be done by puncturing the PRS in RBs that contains SSB/PDCCH/PDSCH. However, this should not be extended to handle collision between PRS from one TRP and SSB from another TRP because it is very difficult to coordinate PRS transmission and a lot of signaling is required to inform each gNB and the UE. As shown in Figure 1, the PRS from Cell #1 is not mapped to RBs containing SSB from Cell #1, but can be mapped to RBs containing SSB from Cell #2, and the UE should take that into account.
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[bookmark: _Ref7086235]Figure 1 PRS RE mapping with respect to SSB
Proposal 4: The PRS from a cell is not mapped to RBs containing SSB/PDCCH/PDSCH from the same TRP. UE shall assume that PRS from a cell is mapped to RBs containing SSB/PDCCH/PDSCH from a different TRP.
LTE PSS, SSS, and PBCH all have a fixed resource location within a radio frame. Thus, when a UE receives the PRS from a cell, it knows whether the PRS has collision with PSS, SSS, or PBCH and which part of the PRS is not transmitted. For the NR SS/PBCH block, the time domain resource is configurable. The frequency domain resource is also flexible since the SS raster is not on the channel raster. Therefore, it is necessary for the LMF to send information about the SS/PBCH blocks for each cell to the UE, based on which the UE determines if a collision between the PRS and an SS/PBCH block happens.
For NR broadcast PDCCH and PDSCH, a mechanism should also be introduced to indicate the resources that are used for the broadcast PDCCH/PDSCH and thus not available for PRS transmission.
Proposal 5: The network provides information about SSB and resources occupied by broadcast PDSCH/PDCCH along with the PRS configuration of a cell by LPP.
· Note that the SSB information can be shared for other purposes, e.g., PRS QCL indication.

Positioning frequency layer
In RAN1#98b, it was agreed that PRS resources in one positioning frequency layer should have the same numerology, center frequency, and point A. It was FFS for the bandwidth and starting RB.
One use case for allowing multiple PRS resource sets per TRP was shown in Figure 2, where
· One PRS resource set has a larger bandwidth and a large period
· One PRS resource set has a small bandwidth and a small period
UE uses the first PRS resource for fine timing measurement, and the second for beam/coarse timing tracking.
PRS with small bandwidth and small period
PRS with large bandwidth and large period

[bookmark: _Ref23169140]Figure 2 Illustration of two PRS resource sets each with a different BW and period
However, we also see the complexity of specifying UE performance requirement when multiple bandwidths are configured in one positioning frequency layer, especially for RAN4. One way to achieve the benefit shown in Figure 2, while not compromising RAN4 specification, is that we put a restriction on each TRP to have a single PRS resource set whose PRS bandwidth is aligned across multiple TRPs on the same positioning frequency layer, and RAN4 performance requirements are based on that PRS resource set. Without loss of generality, that PRS resource set can have an ID #0.
Proposal 6: The bandwidth/starting PRB should be same for the PRS resource set with the set ID#0 across all TRPs on a positioning frequency layer.
· RAN4 performance requirements are based on the bandwidth of the PRS resource set #0.
· No restrictions on the bandwidth for other PRS resource sets with a non-zero set ID.
· Send an LS to RAN2 and RAN4.

PRS sequence generation
It is beneficial from network perspective, PRS can be reused for other purposes, e.g., CSI-RS for beam management, shown in Figure 3. To enable resource sharing between PRS and CSI-RS, the sequence design should be compatible. For example, with the same point A and density, the sequence of PRS is the same as that of a CSI-RS resource in the same RE with the same scrambling ID [3].
Observation 2: PRS sequence generation should consider potential resource sharing with CSI-RS from network perspective.
PRS
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[bookmark: _Ref7529254]Figure 3 Resource sharing between PRS and CSI-RS

In order to make the PRS sequence compatible with NR CSI-RS sequence, the following formula is proposed for the c_init:

Since in NR CSI-RS, the maximum scrambling ID is 10 bits. In the proposed formula, the 10 LSBs of the PRS scrambling ID replaces the CSI-RS scrambling ID, while the 2 MSBs of the PRS scrambling ID is added to MSB of . It can be proven that the sequences are unique.
Proposal 7: Support the c_init with the following formula:


PRS measurement window configuration
In LTE, it is assumed that PRS from multiple cells in one frequency layer should be at most half subframe offset. In NR, since multiple PRS resources can be configured by taking into account the transmit beam sweeping, it is no longer feasible to force PRS resources from two TRPs to overlap in the LTE way.
However, PRS transmission and reception should be localized as much as possible to facilitate UE to perform measurement. The same mechanism as SMTC introduced for SSB-based RRM can be considered. For example, the location server can provide the measurement window configuration to the UE in the assistance data, and UE is only expected to receive PRS within the window, shown in Figure 4.
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[bookmark: _Ref20474185]Figure 4 PRS MTC example
For the window configuration, similar to SMTC, it should have a configurable periodicity and the window length. If the offset with respect the periodicity is provided, it should be defined based on the timing of a TRP on a positioning frequency layer, whose timing may not be acquired by the UE if it is inter-frequency measurement.
One simple to assume that PRS MTC configuration for a positioning frequency layer is provided as below:
Periodicity and window length is provided per positioning frequency layer.
The start of the window is defined [0.5] ms prior the Rx timing corresponding to the DL-PRS-ResourceSetSlotOffset for the first PRS resource set belonging the first [TRP/DL-PRS-Config] of a positioning frequency layer.
Proposal 8: Support LMF to provide a UE-specific measurement window configuration for PRS, and UE is only expected to measure the PRS within the window. The window configuration is provided per positioning frequency layer, with
· Periodicity and window length.
· The start of the window is defined [0.5] ms prior the Rx timing corresponding to the DL-PRS-ResourceSetSlotOffset for the first PRS resource set belonging the first [TRP/DL-PRS-Config] of a positioning frequency layer.

Higher layer parameters
In RAN1#98b, we reached the following agreement regarding TRP related ID
	Agreement:
· An ID is defined that can be associated with multiple DL PRS Resource Sets associated with a single TRP.
· This ID can be used along with a DL PRS Resource Set ID and a DL PRS Resources ID to uniquely identify a DL PRS Resource
· Name can be defined by RAN2
· Each TRP should only be associated with one such ID


However, the latest RAN3 agreement said [4]
	A TRP is identified by a {TRP ID, cell ID} pair, where the cell ID is optional. Absence of the cell ID indicates that the TRP is not associated with a cell


From the communication and TRP identification between NG-RAN and 5GC, such a pair of {TRP ID and cell ID} is necessary. However, giving both two IDs together to the UE firstly breaks the RAN1 agreement that only one ID is defined, and secondly makes referencing PRS resource extremely signaling consuming, e.g, SRS spatial relation info RS being a PRS.
Virtualize the ID pair, using a UE-specific ID, is a common practice in Rel-15, and one simple way is to define DL-PRSConfig between positioning frequency layer and PRS resource set, representing a TRP, and name the agreed ID as DL-PRSConfigId.
Proposal 9: Support DL-PRS-Config to include multiple PRS resource sets belonging to a TRP, and DL-PRS-ConfigId to represent the ID in the higher layer parameter. 
For other parameters, we think that all parameters that now are categorized as positioning frequency layer being the parent IE should be revisited, since PRS configuration is reported to the LMF by each individual gNB. When gNB reports the PRS configuration, there is no such positioning frequency layer, as it is grouped across multiple gNBs. For those parameters now under positioning frequency layers, it should be down-graded to either per TRP/DL-PRS-Config, or per DL-PRS-ResourceSet. Furthermore, specification would restrict that the PRS configured to the UE in the assistance data should have the same numerology, center frequency, point A, and etc. if the PRS resource sets are configured within a positioning frequency layer.
Proposal 10: Change the parent IE of DL-PRS-SubcarrierSpacing, DL-PRS-CyclicPrefix, and DL-PRS-PointA to DL-PRS-ResourceSet.
UE is not expected to be configured with PRS resource sets with different DL-PRS-SubcarrierSpacing, DL-PRS-CyclicPrefix, and DL-PRS-PointA over a single positioning frequency layer.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we present our views on the DL PRS design. Based on the discussion, we have the following observations and proposals:
Observation 1: The ambiguity region for comb-12 is sufficient for indoor deployment.
Observation 2: PRS sequence generation should consider potential resource sharing with CSI-RS from network perspective.
Proposal 1: Support comb-12 with the following number of symbols and relative RE offsets
· 1 symbol: {0}
· 12 symbols: {0, 6, 3, 9, 1, 7, 4, 10, 2, 8, 5, 11} and {0, 6, 2, 8, 4, 10, 0, 6, 2, 8, 4, 10}
· 14 symbols: {0, 6, 3, 9, 1, 7, 4, 10, 2, 8, 5, 11, 0, 6}
Proposal 2: Extend the support of 1, 12 and 14 symbols for comb-12 to other comb values.
Proposal 3: To support NR-PRS to be multiplexed with LTE PRS, only comb-6 and comb-12 with 15kHz subcarrier spacing with staircase staggering should be considered, with
· Additional 1-RE offset for symbol .
Proposal 4: The PRS from a cell is not mapped to RBs containing SSB/PDCCH/PDSCH from the same TRP. UE shall assume that PRS from a cell is mapped to RBs containing SSB/PDCCH/PDSCH from a different TRP.
Proposal 5: The network provides information about SSB and resources occupied by broadcast PDSCH/PDCCH along with the PRS configuration of a cell by LPP.
· Note that the SSB information can be shared for other purposes, e.g., PRS QCL indication.
Proposal 6: The bandwidth/starting PRB should be same for the PRS resource set with the set ID#0 across all TRPs on a positioning frequency layer.
· RAN4 performance requirements are based on the bandwidth of the PRS resource set #0.
· No restrictions on the bandwidth for other PRS resource sets with a non-zero set ID.
· Send an LS to RAN2 and RAN4.
Proposal 7: Support the c_init with the following formula:

Proposal 8: Support LMF to provide a UE-specific measurement window configuration for PRS, and UE is only expected to measure the PRS within the window. The window configuration is provided per positioning frequency layer, with
· Periodicity and window length.
· The start of the window is defined [0.5] ms prior the Rx timing corresponding to the DL-PRS-ResourceSetSlotOffset for the first PRS resource set belonging the first [TRP/DL-PRS-Config] of a positioning frequency layer.
Proposal 9: Support DL-PRS-Config to include multiple PRS resource sets belonging to a TRP, and DL-PRS-ConfigId to represent the ID in the higher layer parameter. 
Proposal 10: Change the parent IE of DL-PRS-SubcarrierSpacing, DL-PRS-CyclicPrefix, and DL-PRS-PointA to DL-PRS-ResourceSet.
UE is not expected to be configured with PRS resource sets with different DL-PRS-SubcarrierSpacing, DL-PRS-CyclicPrefix, and DL-PRS-PointA over a single positioning frequency layer.
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