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1 Introduction
In this contribution, we provide summary of identified opens based on review of documents [1]-[11] submitted to AI 7.2.8.1 – DL positioning reference signals as a part of the Rel.16 maintenance work. It should be noted that during review, we have ignored editorial corrections that can be resolved at a later stage (e.g. cross WG CR alignment phase, etc.) and can be automatically addressed in the new revision of specifications.
The document also provides initial input on how to organize RAN1#100-E e-mail discussions in order to address identified critical issues. Finally, summary of the RAN1 e-mail discussion [100e-Prep-NR-Pos-DL-PRS] on the proposed list of identified issues is captured.
2 Overview of Open Issues for AI 7.2.8.1 – DL PRS
In this section, all open issues are categorized based on relevance to RAN1 specifications.
Opens for the TS 38.211
DL PRS reference-signal sequence
In [Nokia, [10]], it was noticed that modulation of DL PRS reference-signal sequence is incorrectly captured in TS 38.211. As a correction, the following change was proposed:




1. Feature lead recommendation:
0. Adopt modification proposed above

DL PRS sequence ID
In order to handle the case when DL PRS Sequence ID is not configured it is proposed to assume physical cell ID [LGE, [8]]:
	“where  is the slot number, the downlink PRS sequence ID  is given by the higher-layer parameter dl-PRS-SequenceId-r16, unless otherwise configured,  is equal to physical cell ID, and  is the OFDM symbol within the slot to which the sequence is mapped”



1. Feature lead recommendation:
1. Companies are encouraged to comment on whether it can be assumed that sequence ID is not configured and the value to be assumed in this scenario

DL PRS seed initialization - cinit
The update of DL PRS cinit initialization was proposed in [vivo, [3]] due to identified repeated initialization sequences.
1. For DL PRS sequence generation, the value of ‘a’ in cinit equation is proposed to be changed to 2^29 (i.e. a = 2^29 instead of a = 2^22)

1. Feature lead recommendation: 
3. Companies are encouraged to check proposal and comment, if update of cinit initialization is needed, i.e. change value of ‘a’ to “a = 2^29”

Single port DL PRS transmission
The following modification on single port DL PRS transmission was proposed in [Ericsson, [11]]:
	-	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.
[bookmark: _Hlk32832667]-	The UE shall assume that a PRS is transmitted using a single antenna port 



1. Feature lead recommendation:
4. Single port was agreed for DL PRS transmission in Rel.16. Therefore, it should be captured in TS.
4. Proposal: Capture in the TS 38.211: “DL PRS is transmitted using a single antenna port 5000”

Relationship of DL PRS resource, resource set and frequency layer
The following modification was proposed in [Futureway, [6]] with the intention to clarify procedure for unique identification of DL PRS resource.
	The following texts are proposed to be included into Section 7.4.1.7.1 of TS38.211:
“A positioning frequency layer consists of one or more downlink PRS resource sets, each of which consists of one or more downlink PRS resources as described in [6, TS 38.214]. The UE is configured via higher layer parameters DL-PRS-PositioningFrequencyLayer, DL-PRS-ResourceSet and DL-PRS-Resource to uniquely identify the PRS resource within the positioning frequency layer in a cell as described in [6, TS 38.214].”



1. Feature lead recommendation:
5. Clarification can be considered for CR alignment phase
0. At this stage, the proposed correction does not seem to be a critical issue that needs to be resolved during RAN1#100-E

DL PRS periodicity numerology factor
In [Nokia, [10]], it was proposed to add numerology scaling factor to DL PRS periodicity.
	· “the periodicity  is given by the higher-layer parameter DL-PRS-Periodicity”



1. Feature lead recommendation: 
6. Proposed change seems not needed given that numerology scaling was considered in equations
0. Note: It is recommended to refer to RAN2 specs instead of listing the set of values. This issue can be discussed/addressed as a part of CR alignment phase

DL PRS enhancements
The following enhancements were proposed in [Samsung, [7]]:
1. Support of DL PRS Comb-3
1. Support of DL PRS muting in frequency domain
1. When neighbour cells or BWPs employ different SCS and some of the UEs require time or energy critical PRS measurements from this cell or BWP, the lower SCS cell should be able to configure the PRS as a comb-N/µ pattern, where µ is the ratio between higher and lower SCS employed by the two respective cells/ BWPs.

1. Feature lead recommendation:
10. Do not introduce new functionality of Rel.16 at this stage, unless critical issue is found

SSB for UE measurements
The extension of SSB for UE NR Positioning measurements was proposed in [LGE, [8]]
· SSB can be used for the RSTD/ UE RX-TX time difference measurement and reporting for OTDOA and Multi-cell RTT technique.

1. Feature lead recommendation:
11. Support of Rel.15 signals for NR Positioning was discussed during Rel.16 work item phase
0. There was no consensus to extend SSB for NR Positioning measurements introduced in Rel.16

Opens for the TS 38.214
Numerology factor for DL PRS periodicity
The following correction was suggested in [CMCC, [9]]. The proposed modification is aligned with RAN1 agreement and therefore should be resolved.
	DL-PRS-Periodicity defines the DL PRS resource periodicity and takes values  slots, where for DL-PRS-SubcarrierSpacing=15, 30, 60 and 120kHz respectively. 20480 is not supported for  All the DL PRS resources within one resource set are configured with the same periodicity.



1. Feature lead recommendation:
12. Proposed above modification can be resolved during the CR alignment phase
0. Note: The same set of values is already captured in TS 38.211 and is likely to be captured in RAN2 specs. Therefore, it may be easier to remove the values and refer to corresponding sections in other TSs. This can be decided during the CR alignment phase or in future meetings

DL PRS start PRB – Attribute of DL PRS resource set / frequency layer
In [vivo, [3]] it was noticed that start PRB is an attribute of the DL PRS Resource set or frequency layer rather than DL PRS resource. Therefore, the following change was proposed:
	-	-	DL-PRS-ResourceBandwidth defines the number of resource blocks configured for PRS transmission. The parameter has a granularity of 4 PRBs with a minimum of 24 PRBs and a maximum of 272 PRBs. All DL PRS resources sets within a positioning frequency layer have the same value of DL-PRS-ResourceBandwidth.
-	DL-PRS-StartPRB defines the starting PRB index of the DL PRS resources within a DL PRS resource set with respect to reference Point A. The starting PRB index has a granularity of one PRB with a minimum value of 0 and a maximum value of 2176 PRBs. All DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of Start PRB.
A PRS resource is defined by:
< Unchanged parts are omitted >
-	DL-PRS-QCL-Info defines any quasi-colocation information of the DL PRS resource with other reference signals. The DL PRS may be configured to be ‘QCL-Type-D’ with a DL PRS or SS/PBCH Block from a serving cell or a non-serving cell. The DL PRS may be configured to be ‘QCL-Type-C’ with a SS/PBCH Block from a serving or non-serving cell. If the DL PRS is configured as both ‘QCL-Type-C’ and ‘QCL-Type-D’ with a SS/PBCH Block then the SSB index indicated should be the same.
-	DL-PRS-StartPRB defines the starting PRB index of the DL PRS resource with respect to reference Point A. The starting PRB index has a granularity of one PRB with a minimum value of 0 and a maximum value of 2176 PRBs. All DL PRS Resource Sets belonging to the same Positioning Frequency Layer have the same value of Start PRB.




1. Feature lead recommendation:
13. Proposed above modification seems not very critical and can be addressed during the CR alignment phase or in future meetings

DL PRS Muting 
The following text proposals were provided on DL PRS muting by [Ericsson, [11]], [CATT, [5]], [ZTE, [2]] and [Huawei, [1]]  as provided below:
[Ericsson, [11]]
	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 --------



[CATT, [5]]
	5.1.6.5	PRS reception procedure
< Unchanged parts are omitted >
-	DL-PRS-MutingPattern defines the time locations where the DL PRS resource is not expected to be transmitted for a DL PRS resource set. DL-PRS-MutingPattern may include a mutingPattern defined by parameter mutingOption1, and/or a mutingPattern defined by parameter mutingOption2. The size of each mutingPattern can be {2, 4, 8, 16, 32} bits long. If mutingOption1 is configured but mutingOption2 is not, each bit of the mutingPattern in mutingOption1corresponds 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 set instance that is indicated to be muted. The number of consecutive instances of a DL-PRS-ResourceSet is provided by DL-PRS-MutingBitRepetitionFactor.  If mutingOption2 is configured but mutingOption1 is not, each bit of the mutingPattern in mutingOption2 corresponds to a single repetition index for each of the DL-PRS-Resources within each instance of a DL-PRS-ResourceSet. If both mutingOption1 and mutingOption2 are configured at the same time the logical AND operation is applied to the mutingPattern from mutingOption1 and the mutingPattern from mutingOption2 as described in clause 7.4.1.7.4 of [4, TS 38.211].



1. Feature lead recommendation:
14. Address the proposed above modification(s) during the CR alignment phase
0. Proposed changes aim to align TS38.211, TS38.214 and RAN2 specs and can be done later

DL PRS and SSB transmission/reception
The following text proposals were provided to clarify DL PRS and SSB transmission/reception by [ZTE, [2]] and [Huawei, [1]]  as provided below:

[bookmark: _Hlk33195612][ZTE, [2]]
	




	
 [Huawei, [1]]



1. Feature lead recommendation:
15. Address the proposed above clarifications(s) during the CR alignment phase

UE Feature – Capability Related Discussion
Multiple proposals that are relevant to UE capability discussion were submitted in [Huawei, [1]]. Given that UE capabilities are discussed in dedicated e-mail thread it is recommended to propose discussion there. As an exception, it can be recommended to finalize details for the following RAN1 agreement if it is allowed by RAN1 chair:
	Agreement
Duration of DL PRS symbols in units of ms a UE can process every T ms assuming 272 PRB allocation is a UE capability



1. Feature lead recommendation:
16. Current plan was to continue discussion on UE features for NR Positioning in corresponding thread on UE features.

Besides capability considerations, the UE behavior on semi-static flexible symbols for the serving cell, if dynamic SFI indicates flexible or if dynamic SFI is not detected was also discussed in [1]. Based on feedback from feature lead it is proposed to continue discuss it in AI 7.2.8.4 on physical layer procedures for NR positioning.


3 Preliminary Conclusion
In above sections, we have provided review of documents submitted to AI 7.2.8.1 “DL Reference Signals for NR Positioning”. According to our observation many of the reported opens can be addressed during the CR alignment phase and there is no serious issue identified. For RAN1#100-E-Meeting time, as an initial input it was proposed to organize the following e-mail discussions:

1. E-mail Discussion #1 – Remaining opens of DL PRS design
17. Motivation is to address the minor technical opens listed below, which seems to be rather straightforward:
0. Correction to reference-signal sequence generation, as proposed in R1-2000804
0. Value of DL PRS sequence ID, if higher layer parameter is not configured, as proposed in R1-2000686
0. Corrections to DL PRS seed cinit, if it is agreed/justified, as proposed in R1-2000341
0. Corrections of the TS 38.211 to capture single port assumption for DL PRS transmission, as proposed in R1-2001002
1. E-mail Discussion #2 – UE DL PRS processing capability
18. Motivation: Finalize RAN1 agreement to facilitate future UE capability discussion
0. Finalization of details for the following agreement to assist future UE capability discussion
	[bookmark: _Hlk32854515]Agreement
Duration of DL PRS symbols in units of ms a UE can process every T ms assuming 272 PRB allocation is a UE capability


1. [bookmark: _Toc29673158][bookmark: _Toc29673299][bookmark: _Toc29674292]E-mail Discussion #3 – “List of recommended revisions to section 5.1.6.5 PRS reception procedure” for the TS 38.214
19. Given that quite many companies provided corrections to the TS 38.214 section 5.1.6.5 it makes sense to collect all recommended changes to facilitate future revision of the TS 38.214 section 5.1.6.5
0. List of recommended modifications should aim
0. Corrections to the captured values of parameters
0. Alignment with the TS 38.211
0. Alignment with the ongoing RAN2 work
0. Editorial corrections

The provided above list was debated over the RAN1 e-mail reflector in e-mail thread [100e-Prep-NR-Pos-DL-PRS]. The outcome of the RAN1 discussion is captured in the next section.

4 Summary and List of E-Mail Discussions
This section gives summary of the views provided by companies on the list of e-mails discussions proposed in section 3 and final decision from the RAN1 chair.

1. E-mail Discussion #1 (ED#1) – Remaining opens of DL PRS design
20. Motivation is to address technical opens listed below:
0. Correction to the reference-signal sequence generation, as proposed in R1-2000804
0. Value of DL PRS sequence ID, if higher layer parameter is not configured, as proposed in R1-2000686
0. Corrections to DL PRS seed cinit, if it is agreed/justified, as proposed in R1-2000341
0. Corrections of the TS 38.211 to capture single port assumption for DL PRS transmission, as proposed in R1-2001002
All companies expressed positive views and recommendation to confirm ED#1.
20. In favor: All companies that have provided feedback
20. Not in favor: NA

1. E-mail Discussion #2 – UE DL PRS processing capability
21. Motivation: Finalize RAN1 agreement to facilitate future UE capability discussion
0. Finalization of details for the following agreement to assist future UE capability discussion
	Agreement
Duration of DL PRS symbols in units of ms a UE can process every T ms assuming 272 PRB allocation is a UE capability


The following views were provided by companies
· In favor (reason – good input to facilitate future UE capability discussion) 
· 7 companies: Intel, Qualcomm, Huawei, Futurewei, OPPO, Samsung, Mediatek
· Not in favor (reason - relates to UE capability and can be handled in dedicated thread)
· 5 companies: Nokia, Ericsson, CATT, ZTE, LGE

As for ED#3, many companies (interested in discussion) mentioned that it may be better to directly come-up with a harmonized TP for section “5.1.6.5 PRS reception procedure” of the TS 38.214. Based on received feedback, the scope of the originally proposed discussion was updated:
1. E-mail Discussion #3 – “TP for section 5.1.6.5 PRS reception procedure - TS 38.214”
22. Motivation: Quite many companies provided corrections to the TS 38.214 section 5.1.6.5, it makes sense to collect and discuss all recommended changes to facilitate its future revision 
0. Harmonized TP proposal should be based on submitted TPs across all AIs and aim the following
0. Technical corrections to the captured values of parameters to align w/ RAN1 agreements
0. Clarifications to existing text, if provided clarifications are agreed by the group
0. Alignment with the TS 38.211
0. Alignment with the ongoing RAN2 work
0. Editorial corrections
The following views were provided by companies
· In favor (reason – section requires revisions: incorrectly captured values of parameters, clarifications needed, inconsistency w/ other specs, editorial corrections)
· 8 companies: Intel, Ericsson, ZTE, OPPO, LGE, Huawei, Futurewei, Mediatek
· Not in favor (reason - does not look critical and can be done during CR alignment phase or later)
· 3 companies: Nokia, Qualcomm, Samsung
NOTE:	It is recommended to merge this email discussion (i.e. ED#3) with email discussion #1 in agenda item 7.2.8.4 to create a single TP for the PRS reception procedure (TS 38.214, sub-clause 5.1.6.5).

Finally, based on decision of RAN1 chair, the following e-mail discussions were allocated for RAN1#100 e-Meeting:
[100e-NR-Pos-DL-PRS-01] E-mail discussion/approval to resolve issue #1 in R1-2001176 by 2/27; if there is a specification impact, followed by endorsing the corresponding TP by 3/2
[100e-NR-Pos-DL-PRS-02] E-mail discussion/approval to resolve issue #2 in R1-2001176 by 2/27; if there is a specification impact, followed by endorsing the corresponding TP by 3/2
Scope of e-mail discussion#3 was merged into the scope of e-mail discussion #1 under AI 7.2.8.4
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The UE assumes that fertheservingeel-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.
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5.1.6.5 PRS reception procedure
<Unchanged parts are omitted>

The UE does not expect assumes-that for the serving cell the DL PRS is sot-mapped to 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 alse-assumes that the DL PRS is not transmitted onmapped-to-any the symbol(s) that contains the
SS/PBCH block of the non-serving cell.
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