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In RAN1#100-e meeting [1], some text proposals were adopted in the specification and the following agreements related to DL PRS processing capability were reached. 
Agreement:
· UE DL PRS processing capability is reported for maximum DL PRS bandwidth in MHz, which is supported and reported by UE
· UE is not expected to support DL PRS bandwidth that exceeds the reported DL PRS bandwidth value
· FFS values of maximum DL PRS bandwidth in MHz for UE DL PRS processing capability report
· FFS if UE DL PRS processing capability is scaled inversely proportional to DL PRS processing bandwidth
· Note: this overrides the 272 RB assumption in the previous RAN1 agreement.
Agreement:
· UE DL PRS processing capability is signaled per band
· FFS if UE DL PRS processing capability is agnostic to the configured SCS settings of DL PRS
· FFS if reported values of T are the same across bands within a FR or across FRs
Agreement:
· UE DL PRS processing capability is defined for a single positioning frequency layer
Agreement:
· UE DL PRS processing capability is agnostic to DL PRS comb factor configuration
In this contribution, we present our views on some remaining issues on DL PRS for Rel-16 NR positioning.
DL PRS muting 
In RAN1#100-e meeting, some change related to the bitmap size of DL PRS muting pattern was adopted and captured in TS38.214.
	-	DL-PRS-MutingPattern defines a bitmap of the time locations where the DL PRS resource is expected to not be transmitted for a DL PRS resource set. The bitmap size can be {2, 4, 6, 8, 16, 32} bits long. The bitmap has two options for applicability. In the first option each bit in the bitmap corresponds to a configurable number provided by higher layer parameter DL-PRS-MutingBitRepetitionFactor of consecutive instances of a DL-PRS-ResourceSet where all the DL-PRS-Resources within the set are muted for the instance that is indicated to be muted. In the second option each bit in the bitmap corresponds to a single repetition index for each of the DL-PRS-Resources within each instance of a DL-PRS-ResourceSet and the length of the bitmap is equal to DL-PRS-ResourceRepetitionFactor. Both options may be configured at the same time in which case the logical AND operation is applied to the bit maps as described in clause 7.4.1.7.4 of [4, TS 38.211].


 However, the same change is not captured in TS38.211 as below
	-	 is bit  in the bitmap given by the higher-layer parameter DL-PRS-MutingPattern where  is the size of the bitmap; 


Therefore, we propose that 
Proposal 1: 
· Adopt the following text proposals into TS 38.211 for the description of DL PRS muting.
	TS 38.211-g10
7.4.7.1.4   Mapping to slot in a downlink PRS resource set
< Unchanged parts are omitted >
-	 is bit  in the bitmap given by the higher-layer parameter DL-PRS-MutingPattern where  is the size of the bitmap; 
< Unchanged parts are omitted >



DL PRS collision with SSB 
In RAN1#100-e meeting, the following TP was adopt related to DL PRS collision with SSB.
	The UE assumes that for the serving cell the DL PRS from the serving cell is not mapped to any symbol that contains SS/PBCH block from the same serving cell. If the time frequency location of the SS/PBCH block transmissions from non-serving cells are provided to the UE then the UE also assumes that the DL PRS from a non-serving cell is not mapped to any symbol that contains the SS/PBCH block of the same non-serving cell. 


To align the description in TS38.211 with TS38.214, we proposal that:
Proposal 2: 
· Adopt the following text proposals into TS 38.211 for the description of DL PRS collision with SSB.
	TS 38.211-g10
7.4.1.7.3 Mapping to physical resources in a DL PRS resource
< Unchanged parts are omitted >
For each downlink PRS resource configured, the UE shall assume the sequence  is scaled with a factor  and mapped to resources elements  according to 

when the following conditions are fulfilled:
-	the resource element  is within the resource blocks occupied by the downlink PRS resource for which the UE is configured;
-	the symbol  is not used by any SS/PBCH block used by the serving cell for downlink PRS transmitted from the serving cell or any SS/PBCH block from a non-serving cell indicated by the higher-layer parameter SSB-positionInBurst for downlink PRS transmitted from a the same non-serving cell;
-	the slot number satisfies the conditions in clause 7.4.1.7.4.
< Unchanged parts are omitted >



DL PRS Processing capability 
In RAN1#100-e meeting, details on DL PRS processing capability were discussed. However, there are still remaining issues to be address in this meeting.
· General issues
Based on the email discussion during last meeting, UE report pairs of (N, T) as DL PRS processing capability seems reasonable, where N is duration of DL PRS symbols in units of ms a UE can process, T is processing period in units of ms. As a UE may support real-time processing and/or buffer-type processing, the UE can report processing period T with small values and/or larger values. Therefore, we propose that
Proposal 3: 
· For UE DL PRS processing capability, UE may report multiple pairs of values (N, T) assuming maximum DL PRS bandwidth in MHz.
· where N is duration of DL PRS symbols in units of ms a UE can process, T is processing period in units of ms.
· small values and/or large values of T should be included. 
· Issues related to bandwidth
UE DL PRS processing capability is reported for maximum DL PRS bandwidth in MHz, which is supported and reported by UE. We think the maximum bandwidth for UE DL PRS processing capability report should be one of 20M, 50M, 100M, 200M, 400M. 
Besides that, whether to introduce scaled inversely proportional to DL PRS processing bandwidth remains to be addressed. From our perspective, the relationship between UE processing capability and PRS bandwidth is not a simple inverse relationship. For the relationship between UE processing capability and PRS bandwidth, there may be 3 options below.
· Option1: introduce additional dimension such as (N, BW, T). This option can address this problem, but introduce two many combinations.
· Option2: support the scaled inversely proportional relationship and define an upper boundary. For example, an (N,T) pair is defined for 100MHz,  the network can assume the pair is changed to (2N,T) for 50MHz, but for different bandwidth, the pair has its upper limit such as (10N,T).
· Option3: support an inversely proportional relationship by multiplying by a formula. For example, an (N, T) pair is defined for 100MHz, the network can assume that for target bandwidth of X MHz, the pair is changed to [1/(0.4+0.6*(X-20)/80)]*N. 
Compared with option1, option2 or option3 is our preference.
Proposal 4: 
· For bandwidth related issues, we support following point:
· the maximum bandwidth for UE DL PRS processing capability report should be one of 20M, 50M, 100M, 200M, 400M.
· support one of the following options of the relationship between bandwidth and processing capability.
· support the scaled inversely proportional relationship and define an upper boundary.
· support an inversely proportional relationship by multiplying by a formula.
· Issues related to SCS
Considering the UE processing capability may be reported in unit of ms, we don’t see the need of the dependence on SCS.
Proposal 5: 
· UE DL PRS processing capability is agnostic to the configured SCS settings of DL PRS.
· Issues related to band
[bookmark: _GoBack]UE DL PRS processing capability is signaled per band. For each band, UE can report multiple pairs of (N, T). In order to reduce the signaling complexity, it is beneficial to unify the values of T across different bands. In other word, reported values of T should be the same across different bands.
Proposal 6: 
· Reported values of T should be the same across different bands.
· Issues related to positioning frequency layer
In the last meeting, there was still some discussion on simultaneously processing multiple positioning frequency layer. For RRM measurement, RAN4 requirement assumes only one frequency layer per measurement gap. We think this assumption is still applicable for positioning frequency layer. Therefore, our preference is not to introduce another UE capability of whether simultaneous processing of multiple frequency layers since the network could assume the UE could process at most one positioning frequency layer at a time.
Proposal 7: 
· Introducing UE capability of simultaneous processing of multiple frequency layers is not supported, since the network could assume the UE could process at most one positioning frequency layer at a time.
· Issues related to measurement gap configuration
During the time window of a measurement gap, the UE is not expected to transmit or receive any data/control signals. If the gap is configured, the UE has more resources to process DL PRS since it doesn’t process PDCCH/PDSCH.  Therefore, with or without gap configuration may have impact on the capability of processing PRS. 
However, whether to configure measurement gap for a UE is recommended by the UE and determined by the serving gNB. Even if this feature (processing capability with/without gap) is provided to the LMF, the LMF can’t determine the corresponding assistant data as whether a UE is configured with a measurement gap is unknown to the LMF. So this feature may be useless for the LMF. Thus we think when reporting UE processing capability, it is no need to separate this capability with or without gap configuration even if it has impact on the capability of processing PRS.    
Proposal 8: 
· When reporting UE processing capability, it is no need to separate this capability with or without gap configuration.
Conclusion
In this contribution, we discuss DL PRS design for positioning with the following proposals:
Proposal 1: 
· Adopt the following text proposals into TS 38.211 for the description of DL PRS muting.
	TS 38.211-g10
7.4.7.1.4   Mapping to slot in a downlink PRS resource set
< Unchanged parts are omitted >
-	 is bit  in the bitmap given by the higher-layer parameter DL-PRS-MutingPattern where  is the size of the bitmap; 
< Unchanged parts are omitted >



Proposal 2: 
· Adopt the following text proposals into TS 38.211 for the description of DL PRS collision with SSB.
	TS 38.211-g10
7.4.1.7.3 Mapping to physical resources in a DL PRS resource
< Unchanged parts are omitted >
For each downlink PRS resource configured, the UE shall assume the sequence  is scaled with a factor  and mapped to resources elements  according to 

when the following conditions are fulfilled:
-	the resource element  is within the resource blocks occupied by the downlink PRS resource for which the UE is configured;
-	the symbol  is not used by any SS/PBCH block used by the serving cell for downlink PRS transmitted from the serving cell or any SS/PBCH block from a non-serving cell indicated by the higher-layer parameter SSB-positionInBurst for downlink PRS transmitted from a the same non-serving cell;
-	the slot number satisfies the conditions in clause 7.4.1.7.4.
< Unchanged parts are omitted >



Proposal 3: 
· For UE DL PRS processing capability, UE may report multiple pairs of values (N, T) assuming maximum DL PRS bandwidth in MHz.
· where N is duration of DL PRS symbols in units of ms a UE can process, T is processing period in units of ms.
· small values and/or large values of T should be included. 
Proposal 4: 
· For bandwidth related issues, we support following point:
· the maximum bandwidth for UE DL PRS processing capability report should be one of 20M, 50M, 100M, 200M, 400M.
· support one of the following options of the relationship between bandwidth and processing capability.
· support the scaled inversely proportional relationship and define an upper boundary.
· support an inversely proportional relationship by multiplying by a formula.
Proposal 5: 
· UE DL PRS processing capability is agnostic to the configured SCS settings of DL PRS.
Proposal 6: 
· Reported values of T should be the same across different bands.
Proposal 7: 
· Introducing UE capability of simultaneous processing of multiple frequency layers is not supported, since the network could assume the UE could process at most one positioning frequency layer at a time.
Proposal 8: 
· When reporting UE processing capability, it is no need to separate this capability with or without gap configuration.
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