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[bookmark: _Ref189046994]Introduction
 This contribution address  maintenance issues pertaining to DL reference signals for NR positioning. 
[bookmark: _Ref7792543][bookmark: _Ref7598514]Maintenance for the DL PRS
Muting pattern for DL PRS:
In 38.211, the PRS muting pattern is defined using two bitmaps  and   which, when both configured, are used with a logical AND to create the final muting pattern.
	For a downlink PRS resource in a downlink PRS resource set, the UE shall assume the downlink PRS resource being transmitted when the slot and frame numbers fulfil

and one of the following conditions are fulfilled:
-	the higher-layer parameter DL-PRS-MutingPattern is not provided;
-	the higher-layer parameter DL-PRS-MutingPattern is provided and bitmap  but not bitmap  is provided, and bit  is set;
-	the higher-layer parameter DL-PRS-MutingPattern is provided and bitmap  but not bitmap  is provided, and bit  is set;
-	the higher-layer parameter DL-PRS-MutingPattern is provided and both bitmaps  and  are provided, and both bit  and  are set.



In 38.214, the muting pattern is described as follow:

	-	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, 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 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].



In 38.214, the bitmap size is specified as {2, 4, 8, 16, 32} bits long. However, this is only true for option 1. Option 2 can also take a 1-bit bitmap (no repetitions) and the combined bitmap can take a value of up to 32 + 32. To correct the muting description in 38.214, we propose the changes shown in text proposal 2.
[bookmark: _Toc32609228] Endorse text proposal 1 for inclusion in 38.214.
Collision handling for PRS and SS/PBCH
The agreement on collision for SSB and PRS from RAN1#99 states
	Agreement: 
· For serving TRP, UE assumes that DL PRS is not mapped to any symbol that contains SS/PBCH
· Note: In a slot in which SS/PBCH is transmitted on some symbols, DL PRS can be transmitted on other symbols
· For neighbor TRPs, when time-frequency location for SSB transmissions on the neighbour TRP is provided, UE assumes that the DL-PRS is not mapped on symbols occupied by SSB transmissions of the neighbour TRP (i.e. DL PRS is not transmitted on these symbols)



The agreement does not differentiate between FR1 and FR2. In FR1, digital beamforming will allow to multiplex multiple beams so that SSB REs and non-overlapping PRS REs could coexist in the same transmitting symbol, with PRS REs punctured only at the SSB location. In FR2, in general only the SSB or the PRS will be possible to be transmitted at the same time.It is proposed to allow for different dropping behaviour between FR1 and FR2, to increase efficiency. 
[bookmark: _Toc32609229]For Frequency range 1, for serving TRP, UE assumes that DL PRS is not transmitted in any resource element that contains SS/PBCH. For neighbor TRPs, when time-frequency location for SSB transmissions on the neighbour TRP is provided, UE assumes that the DL-PRS is not transmitted on resource elements occupied by SSB transmissions of the neighbour TRP  
[bookmark: _Toc32609230]For frequency range 2, For serving TRP, UE assumes that DL PRS is not transmitted in any symbol that contains SS/PBCH. For neighbor TRPs, when time-frequency location for SSB transmissions on the neighbour TRP is provided, UE assumes that the DL-PRS is not transmitted on symbols occupied by SSB transmissions of the neighbour TRP (i.e. DL PRS is not transmitted on these symbols)
Text proposal 2 reflects the proposal for changes  in the specification 38.214. 
[bookmark: _Toc32609231] Endorse text proposal 2 for inclusion in 38.214.

Number of antenna ports for PRS
During the study item phase it was concluded that a single antenna port was to be used for the DL PRS,  with an FFS on using further port. 

	Agreement:
For NR DL PRS resource design:
One antenna port is supported.
· FFS: configurable number of antenna ports (more than one) in addition to support of a single port




The design in the work item phase carried on with the assumption of a single port PRS but there was never a clear agreement on the number of PRS port. The specification of the DL PRS does not explicitely state the number of PRS ports, however it is implied by the fact that nothing in the PRS mapping  is port dependent. 
 TS 38.211 states:
	7.4.1.7.3	Mapping to physical resources in a downlink PRS resource
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 indicated by the higher-layer parameter SSB-positionInBurst for downlink PRS transmitted from a non-serving cell;
-	the slot number satisfies the conditions in clause 7.4.1.7.4.
and where 
-	 is the first symbol of the downlink PRS within a slot and given by the higher-layer parameter DL-PRS-ResourceSymbolOffset;
-	the size of the downlink PRS resource in the time domain  is given by the higher-layer parameter DL-PRS-NumSymbols;
-	the comb size  is given by the higher-layer parameter transmissionComb;
-	the resource-element offset  is given by the higher-layer parameter combOffset;
-	the quantity  is given by Table 7.4.1.7.3-1.




It is propose to clarify the use of a single port for DL PRS in the specification.
[bookmark: _Toc32609232]DL PRS uses a single antenna port. 
[bookmark: _Toc32609233]Endorse text proposal 3 for inclusion in 38.211.
Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Endorse text proposal 1 for inclusion in 38.214.
Proposal 2	For Frequency range 1, for serving TRP, UE assumes that DL PRS is not transmitted in any resource element that contains SS/PBCH. For neighbor TRPs, when time-frequency location for SSB transmissions on the neighbour TRP is provided, UE assumes that the DL-PRS is not transmitted on resource elements occupied by SSB transmissions of the neighbour TRP
Proposal 3	For frequency range 2, For serving TRP, UE assumes that DL PRS is not transmitted in any symbol that contains SS/PBCH. For neighbor TRPs, when time-frequency location for SSB transmissions on the neighbour TRP is provided, UE assumes that the DL-PRS is not transmitted on symbols occupied by SSB transmissions of the neighbour TRP (i.e. DL PRS is not transmitted on these symbols)
Proposal 4	Endorse text proposal 2 for inclusion in 38.214.
Proposal 5	DL PRS uses a single antenna port.
Proposal 6	Endorse text proposal 3 for inclusion in 38.211.
 
[bookmark: _In-sequence_SDU_delivery]References
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Text Proposals for Specification CRs
Text proposal 1 (38.214):
	5.1.6.5	PRS reception procedure
----unchange text ommitted --------
-	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, 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 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 and the length of the bitmap can be {2, 4, 8, 16, 32} bits long. 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].
----unchange text ommitted --------




Text proposal 2 (38.214):
	5.1.6.5	PRS reception procedure
----unchange text ommitted --------
For frequency range 1, the UE assumes that for the serving cell the DL PRS is transmitted in any resource element that contains SS/PBCH. 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 for  the non-serving cell the DL PRS is not transmitted to any resource element that contains the SS/PBCH block of the non-serving cell.  
For frequency range 2, Tthe UE assumes that for the serving cell the DL PRS is not mapped totransmitted in any symbol that contains SS/PBCH. 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 for the non serving cell the DL PRS is not mapped totransmitted in any symbol that contains the SS/PBCH block of the non-serving cell. 
For the serving cell, if the DL PRS resource collides with SS/PBCH, the UE assumes that the PRS resource is transmitted if the  PRS resource is muted in the symbols where the SS/PBCH is transmitted, otherwise the PRS resource colliding with the SS/PBCH is dropped. For the non-serving cell, when time-frequency location for SSB transmissions on the neighbour TRP is provided, if the DL PRS resource collides with SS/PBCH, the UE assumes that the PRS resource is transmitted if the  PRS resource is muted in the symbols where the SS/PBCH is transmitted, otherwise the PRS resource colliding with the SS/PBCH is dropped. 

----unchange text ommitted --------



 
Text proposal 3 (38.211):
	
[bookmark: _Toc29230406]7.4.1.7.3	Mapping to physical resources in a downlink PRS resource
[bookmark: _Hlk20398772]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 indicated by the higher-layer parameter SSB-positionInBurst for downlink PRS transmitted from a non-serving cell;
-	the slot number satisfies the conditions in clause 7.4.1.7.4.
and where 
-	 is the first symbol of the downlink PRS within a slot and given by the higher-layer parameter DL-PRS-ResourceSymbolOffset;
-	the size of the downlink PRS resource in the time domain  is given by the higher-layer parameter DL-PRS-NumSymbols;
-	the comb size  is given by the higher-layer parameter transmissionComb;
-	the resource-element offset  is given by the higher-layer parameter combOffset;
[bookmark: _Hlk20911140]-	the quantity  is given by Table 7.4.1.7.3-1.
-	The UE shall assume that a PRS is transmitted using a single antenna port 
----unchange text ommitted --------
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