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1 Introduction

In RAN4#94-e-Bis, the following was agreed [1] on new measurement gaps for PRS-based measurements:

· FFS: Introduction of new measurement gap pattern with MGL > 6 ms.

· Candidate MGL and MGRP if new MG patterns are specified:

· MGL = {10, 20, 40 and 50} ms

· MGRP = {80, 160, 320 and 640} ms

· Combination of MGL and MGRP is FFS

· Independent MG patterns for positioning and RRM measurements is deferred to future release.

In this contribution, we provide our view on measurement gaps for positioning.
2 PRS configuration
Positioning reference signal (PRS) are periodically transmitted on a positioning frequency layer in PRS resources in the DL by the gNB. The information about the PRS resources is signaled to the UE by the positioning node via LPP but may also be provided by base station e.g. via broadcast. Each positioning frequency layer contains one or more PRS resource sets with common parameters configured by dl-PRS-PositioningFrequencyLayer, where each PRS resource set contains one or more PRS resources. All the DL PRS resources within one PRS resource set are configured with the same periodicity, and all the PRS resources within one PRS resource set have the same dl-PRS-ResourceRepetitionFactor. The UE may also be configured with dl-PRS-ResourceTimeGap which defines the offset in number of slots between two repeated instances of a DL PRS resource with the same dl-PRS-ResourceID within a single instance of the DL PRS resource set; the UE only expects to be configured with dl-PRS-ResourceTimeGap if dl-PRS-ResourceRepetitionFactor is configured with value greater than 1; all the DL PRS resources within one resource set have the same dl-PRS-ResourceTimeGap. The time duration spanned by one instance of a dl-PRS-ResourceSet is not expected to exceed the configured value of dl-PRS-Periodicity. 
Maximum PRS BW is 272 PRBs. Minimum PRS BW is 24 PRBs. The configured PRS BW is always a multiple of 4.
Supported SCSs (dl-PRS-SubcarrierSpacing) for PRS resources:
· FR1: 15 kHz, 30 kHz, 60 kHz
· FR2: 60 kHz, 120 kHz.
Time-related configuration parameters for PRS resource set:
· PRS periodicity in slots (dl-PRS-Periodicity): 
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 slots, where for PRS SCS of 15 kHz, 30 kHz, 60 kHz, and 120 kHz respectively. [image: image7.png]Tp'z'}s = 2K.
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· PRS repetition factor (dl-PRS-ResourceRepetitionFactor): 1, 2, 4, 6, 8, 16, 32 – the number of times each single PRS resource is repeated for a single PRS resource set. 

· PRS resource time gap (dl-PRS-ResourceTimeGap): [image: image11.png]PRS
TERS € {1,2,4,8,16,32)



 slots.

· dl-PRS-SFN0-Offset defines the time offset of the SFN0 slot 0 for the transmitting cell with respect to SFN0 slot 0 of [FFS in RAN2].
· dl-PRS-ResourceSetSlotOffset defines the slot offset with respect to SFN0 slot 0 and takes values [image: image13.png]TR € {0,1,.., TERS



.
· dl-PRS-CombSizeN defines the comb size of a DL PRS resource where the allowable values are given in Clause 7.4.1.7.1 of TS 38.211. All DL PRS resource sets belonging to the same positioning frequency layer have the same value of dl-PRS-combSizeN. PRS are transmitted in consecutive number of symbols (LPRS) within a slot: LPRS({2,4,6,12}. The following DL PRS RE patterns, with comb size KPRS equal to number of symbols LPRS are supported:

Comb-2: Symbols {0, 1} have relative RE offsets {0, 1},


Comb-4: Symbols {0, 1, 2, 3} have relative RE offsets {0, 2, 1, 3},


Comb-6: Symbols {0, 1, 2, 3, 4, 5} have relative RE offsets {0, 3, 1, 4, 2, 5}.


Comb-12: Symbols {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11} have relative RE offsets {0,6,3,9,1,7,4,10,2,8,5,11}.

Time-related configuration parameters for PRS resource:

· dl-PRS-ResourceSlotOffset determines the starting slot of the DL PRS resource with respect to corresponding dl-PRS-ResourceSetSlotOffset.
· dl-PRS-ResourceSymbolOffset determines the starting symbol of the DL PRS resource within the starting slot. 

Furthermore, in RAN1#99, the following agreements were made:

	Description
	Maximum numbers for DL PRS resources
	Values that can be signaled as part of UE Capability 

	Max number of frequency layers (X1)


	X1=4


	Values = {1,4}

FFS: other values 

	Max number of TRPs per frequency layer (X2)
	X2=64
	

	Max number of PRS resource sets per TRP (X3) per frequency layer
	X3=2


	Values = {1,2}

	Max number of Resources per PRS resource set (X4)
	X4=64


	FFS: values

	Max number of DL PRS Resources per UE (X5)
	NA
	FFS: values

	Max number of TRPs for all frequency layers (X6) per UE
	256
	FFS: values

	Max number of Resources per frequency layer (X7)
	NA


	FFS: values


3 On new measurement gaps for positioning
In LTE, only 6 ms measurement gaps are used for positioning measurements for non-FeMTC UE. For CatM1 and Cat M2 UEs, gaps with longer MGL (10, 14, 24, 32, 54, 64, and 80 ms) and longer MGRP (80, 160, 320, 640, and 1280 ms) were introduced to allow the UE to receive positioning occasions with more than 6 PRS subframes.
To analyze the need for new measurement gaps, it’s important to understand at least how PRS are configured in time domain and the impact of TDD configurations on PRS availability.
3.1 MGL

Theoretically, the length of a single PRS resource set is limited by dl-PRS-Periodicity. The maximum number of PRS resources per PRS resource set is 64, which, even without repetitions can lead to up to 64 slots (16 ms with 60 kHz SCS or 8 ms with 120 kHz) for 64 PRS resources with comb-12 or to up to 32 slots (8 ms with 60 kHz SCS or 4 ms with 120 kHz) for a single PRS resource repeated up to 32 times with a gap of 1 slot. A number of repetitions (e.g., at least 2-4 repetitions), however, are desirable from the performance point of view. 4 repetitions with the time gap of 1 slot for 64 PRS resources with comb-12 PRS would require at least 64*4 (=256) slots (64 ms with 60 kHz SCS or 32 ms with 120 kHz SCS). 
One should also note configuring time gaps so that slots without PRS occur is not efficient within a measurement gap, so PRS resources need to be grouped to reduce the waste of system resources during measurement gaps for PRS measurements.
Furthermore, in TDD, the UE is not able to receive PRS in slots configured for UL, even if PRS is configured (e.g., for other UEs). PRS can be configured in DL symbols for special subframes, but this is not required. In A.3.1.4, the portion of DL slots can be as small as 1/4, 3/8, and 3/5 for 15 kHz, 30 kHz, and 120 kHz, respectively. The reduced DL slot availability in TDD (compared to FDD) can justify longer MGL for TDD to compensate for UL and special subframes not used for PRS. For example, receiving at least 8, 16, and 32 DL subframes in FR2/TDD may require MGL of 14, 28, and 54 ms for 120 kHz.
· Observation 1: For FR2/TDD, the following MGLs are of practical interest (based on calculations) for new measurement gap patterns for positioning: 14 ms, 28 ms, and 54 ms.
For FR1, much fewer PRS resources would be relevant, e.g., up to 8 PRS resources. 8 PRS resources with 1 PRS resource per slot and no repetitions gives 8 slots (8 ms with 15 kHz or 4 ms with 30 kHz), and this number will proportionally increase with the number of repetitions, resulting with 4 repetitions in 32 slots (32 ms with 15 kHz or 16 ms with 30 kHz). In FR1, we have FDD and TDD bands. Similar to FR2, longer MGLs are needed for TDD (consider, e.g., 1/4 and 3/8 DL slot availability for 15 kHz and 30 kHz, respectively).
· Observation 2: For FR1/FDD, the following MGLs are of practical interest (based on calculations) for new measurement gap patterns for positioning: 8 ms, 16 ms, and 32 ms.
· Observation 3: For FR1/TDD, the following MGLs are of practical interest (based on calculations) for new measurement gap patterns for positioning: 
· 15 kHz: 32 ms, 64 ms, and 128 ms, 
· 30 kHz: 22 ms, 44 ms, and 86 ms.

In RAN4#94-e-Bis, RAN4 agreed [1] on the following candidate MGLs: 10, 20, 40, and 50.

Combining these agreements from [1] and the Observations 1-3, the new MGLs for NR positioning in Rel-16 can be as in Table 1 below.
· Proposal 1: New MGLs for NR positioning in Rel-16 are as in Table 1 below:
Table 1: The summary of the proposed MGLs (in ms) for new measurement gaps for positioning
	
	FR1
	FR2

	
	15 kHz
	30 kHz
	120 kHz

	FDD
	10, 20
	-

	TDD
	40, 50
	20, 40, 50
	10, 20, 40, 50


3.2 MGRP

One should also note that the PRS periodicity in NR (up to 2µ(10240 slots) is much longer than the currently defined MGRP (up to 160 ms). Using new gaps with old MGRP is not efficient from the resource utilization point of view, because a lot of resources can be wasted due to unused measurement gaps when PRS periodicity > MGRP.

· Proposal 2: Define at least one MGRP>160 ms.

· Proposal 3: Agree on the following MGRPs (in ms) for the new positioning measurement gaps: 
· 80, 160, 320 and 640.

· Proposal 4: Further discuss the possibility of introducing also the following MGRPs (in ms) for the new positioning measurement gaps: 
· 1280, 2560, 5120, and 10240.
3.3 Relation between MGRP and MGL
It is obvious that too long MGL should not be configured together with short MGRP. Furthermore, there should also be sufficient slots left outside the gaps. An example relation can be derived from LTE where 6 ms MGL was supported in combination with 40 ms and 80 ms MGRP. This corresponds to MGRP/MGL≈6.67 or MGRP/MGL≈13.33.
· Proposal 5: The measurement gap patterns for NR positioning are such that the relation between MGL and MGRP is at least MGRP/MGL>6.67.
· Proposal 6: Introduce at least the following measurement gap patterns:

	MGL
	MGRP

	10
	80, 160, 320, 640

	20
	160, 320, 640

	40
	320, 640

	50
	640


4 Summary

The following have been proposed in this contribution for PRS-RSRP measurement report mapping.

· Observation 1: For FR2/TDD, the following MGLs are of practical interest (based on calculations) for new measurement gap patterns for positioning: 14 ms, 28 ms, and 54 ms.
· Observation 2: For FR1/FDD, the following MGLs are of practical interest (based on calculations) for new measurement gap patterns for positioning: 8 ms, 16 ms, and 32 ms.

· Observation 3: For FR1/TDD, the following MGLs are of practical interest (based on calculations) for new measurement gap patterns for positioning: 
· 15 kHz: 32 ms, 64 ms, and 128 ms, 
· 30 kHz: 22 ms, 44 ms, and 86 ms.

· Proposal 1: New MGLs for NR positioning in Rel-16 are as in the table below:
	
	FR1
	FR2

	
	15 kHz
	30 kHz
	120 kHz

	FDD
	10, 20
	-

	TDD
	40, 50
	20, 40, 50
	10, 20, 40, 50


· Proposal 2: Define at least one MGRP>160 ms.

· Proposal 3: Agree on the following MGRPs (in ms) for the new positioning measurement gaps: 
· 80, 160, 320 and 640.

· Proposal 4: Further discuss the possibility of introducing also the following MGRPs (in ms) for the new positioning measurement gaps: 
· 1280, 2560, 5120, and 10240.

· Proposal 5: The measurement gap patterns for NR positioning are such that the relation between MGL and MGRP is at least MGRP/MGL>6.67.
· Proposal 6: Introduce at least the following 10 measurement gap patterns:

	MGL
	MGRP

	10
	80, 160, 320, 640

	20
	160, 320, 640

	40
	320, 640

	50
	640
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