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1 Introduction

The RAN4#95-e agreements on UE Rx-Tx measurements are summarized in the WF [8]. In addition, the LS on intra-/inter-frequency measurements can be found in [9], and the endorsed CR on UE Rx-Tx measurement report mapping can be found in [11].

In this contribution, we continue the discussion on open issues for UE Rx-Tx in NR Rel-16 positioning, including:
· Measurement report mapping,
· The impact of PRS resource configuration on requirements and the definition of PRS occasion,
· Measurement requirements,
· Measurement accuracy.
2 Measurement Report Mapping
A CR with measurement report mapping and additional path reporting for PRS RSTD was endorsed in RAN4#95-e in [11]. The remaining open issues are:
· The range for k values in FR1

· Relationship between k1 and k2
· Measurement report mapping range issue with different k in differential report mapping and additional path reporting
2.1 Relationship between k1 and k2
RAN4 agreed that the UE may select/adjust parameter k, but the relation between k1 (configured by LMF) and k2 (selected by the UE) is FFS.
For UE Rx-Tx, the same conclusions on the relation between k1 and k2 shall apply as for RSTD. Ericsson’s proposals for RSTD are in [6].
· Proposal 1: For UE Rx-Tx, the same conclusions on the relation between k1 and k2 shall apply as for RSTD.
2.2 k-values in FR1

For FR2, the agreed values for k are {0,1,2,3,4,5}, i.e., kmin=0 and kmax=5 for FR2. But the range of k-values is still open for FR1.

For UE Rx-Tx, the same conclusions on the range for k-values in FR1 shall apply as for RSTD. Ericsson’s proposals for RSTD are in [6].
· Proposal 2: For UE Rx-Tx, the same conclusions on the range for k-values in FR1 shall apply as for RSTD.
2.3 Measurement report mapping range issue with different k
2.3.1 Differential reporting for UE Rx-Tx measurements

According to [2], the differential reporting range is from 0 to +8191(Tc, with the reporting granularity to be the same as for the absolute measurement reporting. Below we derive the corresponding reporting tables. However, from the Tables 1 – 6 (see Option 1) one can observe that:

· the agreed in [2] range up to 8191(Tc can only be achieved for k=0 if the uniform granularity 2kTc is followed, and 

· for other k-values, the achievable range is smaller.

· Observation 1: With Option 1 in Tables 1-6, the agreed in [2] range up to 8191(Tc can only be achieved for k=0; the range is smaller for other k-values.
Without increasing the number of bits, achieving the same range for all k-values would be possible, e.g., by increasing the last measured quantity interval to the same value for all k, e.g., to 8191 or 8192 (which is a power of 2 closest to the agreed 8191). No new LS to RAN2 is needed with this approach.

· Proposal 3: Ensure the same range for all k-values, e.g., by increasing the last reporting interval in the tables for k≥1 (e.g., to 8191).
· Proposal 4: Agree on measurement report mapping tables based on the agreed range from 0 to +8191 Tc, according to Tables 1–6 (Option 2).
Table 1: k=0, resolution 1 Tc
	Reported Quantity Value
	Option 1:

TUE Rx-Tx,

maximum range [0,8191] for k=0
	Option 2:

(TUE Rx-Tx,

range [0,8191] for all k
	Unit

	DIFF_RX-TX_TIME_DIFFERENCE_0000
	0 ( (TUE Rx-Tx < 1
	Same as

Option 1
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_0001
	1 ( (TUE Rx-Tx < 2
	
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_0002
	2 ( (TUE Rx-Tx < 3
	
	Tc

	(
	(
	
	…

	DIFF_RX-TX_TIME_DIFFERENCE_8189
	8189 ( (TUE Rx-Tx < 8190
	
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_8190
	8190 ( (TUE Rx-Tx < 8191
	
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_8191
	8191 ( (TUE Rx-Tx
	
	Tc


Table 2: k=1, resolution 2Tc
	Reported Quantity Value

DIFF_RX-TX_TIME_DIFFERENCE_i
	Option 1:

(TUE Rx-Tx,

maximum range [0,8191] for k=0
	Option 2:

(TUE Rx-Tx,

range [0,8191] for all k
	Unit

	DIFF_RX-TX_TIME_DIFFERENCE_0000
	0 ( (TUE Rx-Tx < 2
	0 ( (TUE Rx-Tx < 2
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_0001
	2 ( (TUE Rx-Tx < 4
	2 ( (TUE Rx-Tx < 4
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_0002
	4 ( (TUE Rx-Tx < 6
	4 ( (TUE Rx-Tx < 6
	Tc

	(
	(
	(
	…

	DIFF_RX-TX_TIME_DIFFERENCE_4093
	8186 ( (TUE Rx-Tx < 8188
	8186 ( (TUE Rx-Tx < 8188
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_4094
	8188 ( (TUE Rx-Tx < 8190
	8188 ( (TUE Rx-Tx < 8191
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_4095
	8190 ( (TUE Rx-Tx
	8191 ( (TUE Rx-Tx
	Tc


Table 3: k=2, resolution 4Tc
	Reported Quantity Value

DIFF_RX-TX_TIME_DIFFERENCE_i
	Option 1:

(TUE Rx-Tx,

maximum range [0,8191] for k=0
	Option 2:

(TUE Rx-Tx,

range [0,8191] for all k
	Unit

	DIFF_RX-TX_TIME_DIFFERENCE_0000
	0 ( (TUE Rx-Tx < 4
	0 ( (TUE Rx-Tx < 4
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_0001
	4 ( (TUE Rx-Tx < 8
	4 ( (TUE Rx-Tx < 8
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_0002
	8 ( (TUE Rx-Tx < 12
	8 ( (TUE Rx-Tx < 12
	Tc

	(
	(
	(
	…

	DIFF_RX-TX_TIME_DIFFERENCE_2045
	8180 ( (TUE Rx-Tx < 8184
	8180 ( (TUE Rx-Tx < 8184
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_2046
	8184 ( (TUE Rx-Tx < 8188
	8184 ( (TUE Rx-Tx < 8191
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_2047
	8188 ( (TUE Rx-Tx
	8191 ( (TUE Rx-Tx
	Tc


Table 4: k=3, resolution 8Tc
	Reported Quantity Value

DIFF_RX-TX_TIME_DIFFERENCE_i
	Option 1:

(TUE Rx-Tx,

maximum range [0,8191] for k=0
	Option 2:

(TUE Rx-Tx,

range [0,8191] for all k
	Unit

	DIFF_RX-TX_TIME_DIFFERENCE_0000
	0 ( (TUE Rx-Tx < 8
	0 ( (TUE Rx-Tx < 8
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_0001
	8 ( (TUE Rx-Tx < 16
	8 ( (TUE Rx-Tx < 16
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_0002
	16 ( (TUE Rx-Tx < 24
	16 ( (TUE Rx-Tx < 24
	Tc

	(
	(
	(
	…

	DIFF_RX-TX_TIME_DIFFERENCE_1021
	8168 ( (TUE Rx-Tx < 8176
	8168 ( (TUE Rx-Tx < 8176
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_1022
	8176 ( (TUE Rx-Tx < 8184
	8176 ( (TUE Rx-Tx < 8191
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_1023
	8184 ( (TUE Rx-Tx
	8191 ( (TUE Rx-Tx
	Tc


Table 5: k=4, resolution 16Tc
	Reported Quantity Value

DIFF_RX-TX_TIME_DIFFERENCE_i
	Option 1:

(TUE Rx-Tx,

maximum range [0,8191]
	Option 2:

(TUE Rx-Tx,

range [0,8191] for all k
	Unit

	DIFF_RX-TX_TIME_DIFFERENCE_0000
	0 ( (TUE Rx-Tx < 16
	0 ( (TUE Rx-Tx < 16
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_0001
	16 ( (TUE Rx-Tx < 32
	16 ( (TUE Rx-Tx < 32
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_0002
	32 ( (TUE Rx-Tx < 48
	32 ( (TUE Rx-Tx < 48
	Tc

	(
	(
	(
	…

	DIFF_RX-TX_TIME_DIFFERENCE_509
	8144 ( (TUE Rx-Tx < 8160
	8144 ( (TUE Rx-Tx < 8160
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_510
	8160 ( (TUE Rx-Tx < 8176
	8160 ( (TUE Rx-Tx < 8191
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_511
	8176 ( (TUE Rx-Tx
	8191 ( (TUE Rx-Tx
	Tc


Table 6: k=5, resolution 32Tc
	Reported Quantity Value

DIFF_RX-TX_TIME_DIFFERENCE_i
	Option 1:

(RSTD,

maximum range [0,8191] for k=0
	Option 2:

(RSTD,

range [0,8191] for all k
	Unit

	DIFF_RX-TX_TIME_DIFFERENCE_0000
	0 ( (TUE Rx-Tx < 32
	0 ( (TUE Rx-Tx < 32
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_0001
	32 ( (TUE Rx-Tx < 64
	32 ( (TUE Rx-Tx < 64
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_0002
	64 ( (TUE Rx-Tx < 96
	64 ( (TUE Rx-Tx < 96
	Tc

	(
	(
	(
	…

	DIFF_RX-TX_TIME_DIFFERENCE_253
	8096 ( (TUE Rx-Tx < 8128
	8096 ( (TUE Rx-Tx < 8128
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_254
	8128 ( (TUE Rx-Tx < 8160
	8128 ( (TUE Rx-Tx < 8191
	Tc

	DIFF_RX-TX_TIME_DIFFERENCE_255
	8160 ( (TUE Rx-Tx
	8191 ( (TUE Rx-Tx
	Tc


2.3.2 Additional path reporting for UE Rx-Tx measurements

Reporting additional paths with PRS-based UE timing measurements (for UE Rx-Tx in this case) is a UE capability. Together with each reported timing measurement for NR positioning, such UE can also report up to 2 additional paths. The reporting range is symmetric [1,2], i.e., both earlier and later paths can be reported, and is with respect to the path timing used for determining the corresponding nr-UE-RxTxTimeDiff value, according to TS 37.355.

· Observation 2: With Option 1 in Tables 7-12, the mapping is not fully symmetric for k≥2 and not fully covering the agreed range for all k-values.
· Proposal 5: Ensure the same range for all k-values, e.g., by centering the range and increasing the first and last reporting intervals in the tables for k≥2 to cover exactly the agreed range [-8175, 8175].
· Proposal 6: Agree on Option 2 in Tables 7-12 for implementing in TS 38.133.
Table 7: k=0, resolution 1 Tc
	Reported Quantity Value,
path_i
	Measured Quantity Value,
(path
	Unit

	
	Option 1
	Option 2
	

	path_00000
	(path < -8175
	Same as Option 1
	Tc

	path_00001
	-8175 ( (path < -8174
	
	Tc

	path_00002
	-8174 ( (path < -8173
	
	Tc

	(
	(
	
	…

	path_08175
	-1 ( (path < 0
	
	Tc

	path_08176
	0 ( (path < 1
	
	Tc

	…
	…
	
	…

	path_ 16349
	8173 ( (path < 8174
	
	Tc

	path_ 16350
	8174 ( (path < 8175
	
	Tc

	path_ 16351
	8175 ( (path
	
	Tc


Table 8: k=1, resolution 2Tc
	Reported Quantity Value,
path_i
	Measured Quantity Value,
(path
	Unit

	
	Option 1
	Option 2
	

	path_0000
	(path < -8175
	Same as Option 1
	Tc

	path_0001
	-8175 ( (path < -8173
	
	Tc

	path_0002
	-8173 ( (path < -8171
	
	Tc

	(
	(
	
	…

	path_4088
	-1 ( (path < 1
	
	Tc

	…
	…
	
	…

	path_8174
	8171 ( (path < 8173
	
	Tc

	path_8175
	8173 ( (path < 8175
	
	Tc

	path_8176
	8175 ( (path
	
	Tc


Table 9: k=2, resolution 4Tc
	Reported Quantity Value,
path_i
	Measured Quantity Value,
(path
	Unit

	
	Option 1
	Option 2
	

	path_0000
	(path < -8175
	(path < -8175
	Tc

	path_0001
	-8175 ( (path < -8171
	-8175 ( (path < -8170
	Tc

	path_0002
	-8171 ( (path < -8167
	-8170 ( (path < -8166
	Tc

	(
	(
	(
	…

	path_2044
	-3 ( (path < 1
	-2 ( (path < 2
	Tc

	…
	…
	…
	…

	path_4086
	8165 ( (path < 8169
	8166 ( (path < 8170
	Tc

	path_4087
	8169 ( (path < 8173
	8170 ( (path < 8175
	Tc

	path_4088
	8173 ( (path
	8175 ( (path
	Tc


Table 10: k=3, resolution 8Tc
	Reported Quantity Value,
path_i
	Measured Quantity Value,
(path
	Unit

	
	Option 1
	Option 2
	

	path_0000
	(path < -8175
	(path < -8175
	Tc

	path_0001
	-8175 ( (path < -8167
	-8175 ( (path < -8164
	Tc

	path_0002
	-8167 ( (path < -8159
	-8164 ( (path < -8156
	Tc

	(
	(
	(
	…

	path_1022
	-7 ( (path < 1
	-4 ( (path < 4
	Tc

	…
	…
	…
	…

	path_2042
	8153 ( (path < 8161
	8156 ( (path < 8164
	Tc

	path_2043
	8161 ( (path < 8169
	8164 ( (path < 8175
	Tc

	path_2044
	8169 ( (path
	8175 ( (path
	Tc


Table 11: k=4, resolution 16Tc
	Reported Quantity Value,
path_i
	Measured Quantity Value,
(path
	Unit

	
	Option 1
	Option 2
	

	path_0000
	(path < -8175
	(path < -8175
	Tc

	path_0001
	-8175 ( (path < -8159
	-8175 ( (path < -8152
	Tc

	path_0002
	-8159 ( (path < -8143
	-8152 ( (path < -8136
	Tc

	(
	(
	(
	…

	path_511
	-15 ( (path < 1
	-8 ( (path < 8
	Tc

	…
	…
	…
	…

	path_1020
	8129 ( (path < 8145
	8136 ( (path < 8152
	Tc

	path_1021
	8145 ( (path < 8161
	8152 ( (path < 8175
	Tc

	path_1022
	8161 ( (path
	8175 ( (path
	Tc


Table 12: k=5, resolution 32Tc
	Reported Quantity Value,
path_i
	Measured Quantity Value,
(path
	Unit

	
	Option 1
	Option 2
	

	path_000
	(path < -8175
	(path < -8175
	Tc

	path_001
	-8175 ( (path < -8143
	-8175 ( (path < -8128
	Tc

	path_002
	-8143 ( (path < -8111
	-8128 ( (path < -8096
	Tc

	(
	(
	(
	…

	path_256
	-15 ( (path < 17
	0 ( (path < 32
	Tc

	…
	…
	…
	…

	path_509
	8081 ( (path < 8113
	8096 ( (path < 8128
	Tc

	path_510
	8113 ( (path < 8145
	8128 ( (path < 8175
	Tc

	path_511
	8145 ( (path
	8175 ( (path
	Tc


3 The Impact of PRS Resource Configuration on Requirements and the Definition of PRS Occasion
PRS configuration is very flexible in NR. A PRS resource can be configured as the number of PRS symbols (can be up to 12) which can accommodate in the time domain one or more (in fact, up to 6) PRS comb patterns:

-
the size of the downlink PRS resource in the time domain [image: image2.png]Lors € {2,4,6,12}



 is given by the higher-layer parameter dl-PRS-NumSymbols-r16;

-
the comb size [image: image4.png]KPRS € {2,4,6,12}



 is given by the higher-layer parameter dl-PRS-CombSizeN-r16 such that the combination [image: image6.png]{Lprs, K225}



 is one of {2, 2},{4, 2}, {6, 2}, {12, 2}, {4, 4}, {12, 4}, {6, 6}, {12, 6} and {12, 12};

Furthermore, a PRS resource can be repeated in time (up to 32 times) within a single periodicity, with a gap inbetween. The repetition, which is the number of times each single PRS resource is repeated for a single PRS resource set, is controlled by:

-
the repetition factor [image: image8.png]TERS € {1,2,4,6,8,16,32}



 which is given by the higher-layer parameter dl-PRS-ResourceRepetitionFactor,

-
the time gap [image: image10.png]PRS
T8 € {1,2,4,8,16,32}



 is given by the higher-layer parameter dl-PRS-ResourceTimeGap-r16.
And the periodicity (defined in the number of slots) is controlled by:

· the periodicity [image: image12.png]7?88 € 2¢{4, 5,8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240}



 and the slot offset [image: image14.png]


 are given by the higher-layer parameter dl-PRS-Periodicity-and-ResourceSetSlotOffset-r16.
· Observation 3: There is a big range of the number of PRS symbols which can be available within each PRS periodicity Tper, depending on the configuration:

· For comb-2: from 2 symbols (1 pattern in slot and no repetitions) up to 384 symbols (2 symbols of one comb-2 pattern ( 6 comb patterns within a slot ( 32 slot repetitions)

· For comb-12: from 12 symbols (1 pattern in slot and no repetitions) up to 384 symbols (12 symbols of one comb-12 pattern ( 32 slot repetitions)

· Proposal 7: The UE requirements (accuracy and/or measurement period) shall depend on:

· the number of slot repetitions (note: two closest repetitions within the same PRS period can be separated by up to 32 slots), and 

· the number of comb patterns per slot.

The impact of the number of slot repetitions and the number of comb patterns per slot can be accounted as described in the proposal below (similar to the approach for RSTD in FeMTC and NB-IoT in LTE). The corresponding measurement period for UE Rx-Tx depending on NUERxTx,req and the actual PRS configuration is further elaborated in Section 4.
· Proposal 8: The total required number of comb patterns for a PRS resource set of a given <FR, SCS, BW> is specified in accuracy requirements, and the measurement period will then depend on the required and the actual configuration of the number of slot repetitions and the number of patterns per slot. The accuracy level will apply, provided the corresponding numbers of comb patterns are available for the measurement.
Table 13: An example template for minimum number of comb patterns to meet the accuracy requirements.
	FRx, SCS, number of PRBs
	Minimum number of comb patterns, NUERxTx,req

	
	Es/Iot≥-3
	Es/Iot≥-6
	Es/Iot≥-13

	FR1, 15 kHz, ≤52 PRBs (10 MHz)
	
	
	

	FR1, 15 kHz, ≤104 PRBs (20 MHz)
	
	
	

	FR1, 15 kHz, >104 PRBs
	
	
	

	FR1, 30 kHz, ≤48 PRBs (20 MHz)
	
	
	

	FR1, 30 kHz, ≤132PRBs (30 MHz)
	
	
	

	FR1, 30 kHz, ≤272 PRBs (100 MHz)
	
	
	

	FR2, 120 kHz, ≤32 PRBs (50 MHz)
	
	
	

	FR2, 120 kHz, >32 PRBs
	
	
	


· Observation 4: Given that two closest repetitions within the same PRS period can be separated by up to 32 slots and the number of repetitions can be up to 32, a PRS occasion defined to include all repetitions would be too long and could contain PRS slots sparsely configured in time which could not be coherently aggregated anyway.

· Observation 5: defining PRS occasion as one PRS slot is also not efficient since one PRS slot may contain different number of comb patterns, depending on comb (e.g., up to 6 comb-2 patterns but only one comb-12 pattern).

· Proposal 9: Do not define the term “PRS positioning”; or, alternatively, define PRS occasion as one PRS pattern in time. 
4 Measurement Requirements
4.1 UE Rx-Tx Side Conditions

UE Rx-Tx side conditions for neighbor cells were agreed in [1], to be the same as for RSTD. No reference cell side conditions will be defined for UE Rx-Tx [4]. The serving cell side conditions, however, remain still open. For the serving cell, a typical assumption is -3 dB for side conditions, which is proposed to reuse also for UE Rx-Tx.

· Proposal 10: Serving cell side condition for UE Rx-Tx: -3 dB, for FR1 and FR2.
4.2 The Impact of UE rx beam sweeping on UE Rx-Tx measurement period

The following was agreed on the impact of UE rx beam sweeping during RAN4#95-e for RSTD:

· For FR1, no impact of UE RX beam sweeping on RSTD measurement period shall be considered
· For FR2
· Use Rx beam sweeping factor similar way as in SSB-based RRM (i.e. no intra-PRS-occasion Rx beam sweeping) for the case when the QCL information is not available to the UE
· FFS how to handle the case when the QCL information is available to the UE
· Option 1: Do not perform RX beam sweeping
· Option 2: Perform RX beam sweeping
· Solutions with more advanced RX beam sweeping can be considered in the future releases
No agreement was made for UE Rx-Tx.
· Proposal 11: For UE Rx-Tx in FR1, no impact of UE RX beam sweeping on RSTD measurement period shall be considered.
· Proposal 12: For UE Rx-Tx in FR2, for the case when the QCL information is available to the UE, there is no impact of UE rx beam sweeping on UE Rx-Tx measurement period.

4.3 UE Rx-Tx Measurement Period

· Proposal 13: When measurement gaps are used, the measurement period TUERxTx, without considering the dropped PRS impact, can be determined as:

TUERxTx = ceil(NUERxTx,req / KPRS) ( max(TPRS, MGRP) ( CSSF ( X, 

where:
NUERxTx,req comb patterns are required for an RSTD measurement to meet the required accuracy,

KPRS is the number of comb patterns within the effective measurement time of a single measurement gap (NOTE: MGL can be longer than one PRS period),
TPRS is the PRS periodicity,

X is FFS (X≥1) related to UE measurement capability.
The UE is configured with multiple UE Rx-Tx measurements via LPP. In NR, PRS are configured in PRS resource sets consisting of PRS resources. Furthermore, multiple PRS resource sets can be configured per TRP. The smallest PRS configuration entity is, however, PRS resource. Hence UE Rx-Tx measurement period needs to be specified with respect to PRS resources and apply when the UE is configured with up to MPRS PRS resources in up to MPRSset for up to MTRP TRPs, where MPRS, MPRSset, and MTRP shall not exceed X4, X3, and X2, respectively, which have been defined by RAN1.

· Proposal 14: During the UE Rx-Tx measurement period TUERxTx specified in TS 38.133, the UE shall be able to perform UE Rx-Tx measurements for up to MPRS PRS resources per PRS resource set (MPRS≤X4=64) in up to MPRSset per TRP (MPRSset≤X3=2) for up to MTRP TRPs per carrier frequency (MTRP≤X2=64).

Further, the UE Rx-Tx measurement may or may not be configured together with PRS-RSRP. When the two measurements are configured together, it is reasonable to assume that the UE Rx-Tx measurement and the other measurement are performed during the same measurement period. However, since both measurements are going to be used for positioning the UE, they both need to be reliable and accurate. Therefore, the measurement period should be such as both accuracies can be met.

· Proposal 15: If UE Rx-Tx is not configured together with PRS-RSRP, the UE Rx-Tx measurement period is defined as TUERxTX.

· Proposal 16: If UE Rx-Tx is configured together with PRS-RSRP, then the measurement periods for both measurements are defined as:

· max(TUERxTx,TPRS-RSRP), where TPRS-RSRP and TUERxTx are the measurement periods for PRS-RSRP and UE Rx-Tx, when configured without other measurements.
4.4 Impact of Dropped Transmissions
According to the RAN1 LS, the configured periodic PRS may be repeatedly not transmitted in some cases, e.g., when overlapping with SSB symbols or PRS slot is configured as UL slot for this UE. The related RAN1#99 agreements are, e.g.:

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)
Agreement:

In case DL PRS Resources are processed in the active BWP and there is no measurement gap configured to the UE, at least in FR2, the UE is not expected to process DL PRS in the same OFDM symbol where other DL signals and channels are transmitted to the UE. Behaviour in FR1 is up to RAN4 to decide.

To compensate for dropped PRS, the measurement period TUERxTx may need to be extended, at least when there are relatively many such dropped PRS symbols during the measurement period. 
· Proposal 17: The UE Rx-Tx measurement period TUERxTx can be extended to compensate for the number of PRS symbols not available at the UE due to their overlap with SSB symbols, at least when the number of the non-available PRS symbols is large and the SSB symbols location is known to the UE.
· Proposal 18: The extension amount of TUERxTx can be determined by a scaling factor k and depends on the periodicity of the PRS resource which has non-available PRS symbols and the number of dropped PRS symbols in relation to the number of configured PRS symbols within a measurement gap.
· Proposal 19: If the number of PRS symbols not available at the UE exceeds an acceptable limit in relation to the number of configured PRS symbols within a measurement gap, the entire measurement can be dropped.
· Proposal 20: The UE Rx-Tx measurement period TUERxTx can also be extended to compensate for the number of dropped SRS transmissions, at least when the number of dropped SRS transmissions is large.
4.5 The impact of SRS periodicity

The UE Rx-Tx time difference measurement is performed based on PRS but also SRS, both of which are not continuously available unlike CRS in LTE. Furthermore, the PRS and SRS support very large range of periodicities. The PRS resource periodicity (TperPRS) comprises:

[image: image16.png]TSRS € 2#{4,8,16,32,64,5,10,20,40, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480}



 slots, where [image: image18.png]u=0123



for PRS SCS of 15, 30, 60 and 120kHz respectively. [image: image20.png]ToRS
26



20480 is not supported for [image: image22.png]



The periodic SRS resource can be configured with one of the following SRS periodicity (TSRS):

TSRS ( {1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560} slots.

PRS and SRS can be configured independently, with their respective periodicities. Furthermore, SRS is configured by the serving cell via RRC while PRS is configured by LMF via LPP. Furthermore, SRS and PRS may even be on different frequencies. It is therefore practically impossible to require any dependency between the SRS configuration and PRS configuration.

· Observation 6: SRS and PRS are configured by different network nodes (serving cell and LMF, respectively).
· Observation 7: SRS and PRS may be on different frequencies (inter-frequency UE Rx-TX).

· Observation 8: UE Rx-Tx measurement period depends on the periodicity of SRS signals.

· Observation 9: UE Rx-Tx measurement period depends on the periodicity of PRS signals.

Therefore, both the PRS configuration and SRS configuration impact the measurement period of the UE Rx-Tx time difference measurement, e.g., both PRS periodicity and SRS periodicity.

· Proposal 21: UE Rx-Tx measurement period depends on max(PRS periodicity, SRS periodicity).
4.6 Time relation between SRS and PRS

RAN4 has discussed the need for a proximity condition of SRS and PRS resources in time for UE Rx-Tx time difference measurements.
Already in LTE it could happen that UL and DL subframes are quite separated in time and are not available in the same radio frame, e.g., for HD-FDD UE. Nevertheless, such UE can still perform UE Rx-Tx measurements. If that happens, the UE is required to compensate for the difference in the received timing of the radio frame with the UL subframe and the radio frame in which it did receive a DL transmission used for TUE-RX estimation.

The same approach shall be used in NR.

UE Rx-Tx time difference measurement definition in TS 36.214:

· The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:

TUE-RX is the UE received timing of downlink radio frame #i from the serving cell, defined by the first detected path in time.

TUE-TX is the UE transmit timing of uplink radio frame #i.

For a HD-FDD UE, if the UE does not receive any DL transmission in radio frame #i, it shall compensate for the difference in the received timing of radio frame #i and the radio frame in which it did receive a DL transmission used for TUE-RX estimation.

UE Rx-Tx time difference measurement definition in TS 38.215:

· The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:

TUE-RX is the UE received timing of downlink subframe #i from a positioning node, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the positioning node.

· Proposal 22: The requirements for UE Rx-Tx apply regardless of the time separation between SRS and PRS.

· Proposal 23: If the closest subframes #i and #j are separated by more than ½ subframe, the UE shall compensate for the difference in the received timing of radio frame #i used for TUE-TX estimation and the subframe #j.

4.7 UE Rx-Tx time difference measurement period under cell change
In [1], it was agreed:

· If the cell change occurs on the serving cell where the SRS is configured then after the serving cell change:

· the UE shall restart the UE Rx-Tx time difference measurement;

· otherwise the UE shall continue the ongoing UE Rx-Tx time difference measurement.

However, the exact measurement requirements under the cell change have not been agreed yet for the case when the UE continues the on-going UE Rx-Tx time difference measurement. Different types of serving cell changes need to be considered.

· Proposal 24: When the on-going UE Rx-Tx measurement continues under a serving cell change (according to the earlier agreement), the UE Rx-Tx time difference measurement period is extended, and the extension depends on the number of serving cell changes and on the corresponding interruption time.
4.8 UE Rx-Tx measurement procedure under NTA_offset change
In RAN4#95-e, it has been agreed that:

· UE Rx-Tx time difference accuracy requirements do not apply under NTA_offset change during the measurement period

· FFS: whether/how this needs to be captured in the specification 

The above clarification is needed in the accuracy requirements as described later. 

It is also important that the UE does not combine measurement samples with different NTA offset values. Therefore, in addition to the above clarification for the accuracy requirements (see Section 5.4 below), it needs to be further clarified in the UE Rx-Tx measurement requirements as follows: 

· Proposal 25: It is clarified in UE Rx-Tx measurement requirements (section 9.9.4 in TS 38.133) that the UE shall discard the UE Rx-Tx measurement if the NTA_offset changes during the measurement period.

4.9 UE Rx-Tx measurement procedure under TA adjustment

In [1], the following agreement related to TA was made:
· Impact of PRS based measurements on UE timing:
· Existing requirements on UE transmit timing in section 7.1 and TA in section 7.3 in TS 38.133 shall apply during the PRS based positioning measurements.

However, with the above agreement, it is unclear what is the UE behavior and what are the UE requirements for the UE Rx-Tx measurement during which timing adjustment was applied at least once.
In RAN4#95-e, this has been captured as an open issue:

· FFS: whether UE shall continue the UE Rx-Tx time difference measurement during which timing adjustment for its UL transmissions, autonomous adjustment or based on configured TA, occurred one or more times

· FFS: for UE autonomous adjustment and for network issued TA change

· Consider the issue together with gNB Rx-Tx time difference measurement behavior

Furthermore, for gNB it has been agreed that:
· In both serving and neighbour cells of the UE, gNB Rx-Tx accuracy shall not apply if UE transmit timing changes due to gNB sending Timing Advanced (TA) during the measurement period.

A similar clarification is needed also for UE Rx-Tx accuracy requirements, i.e., the accuracy requirements shall not apply (see Section 5.5 below). Furthermore, to align with the accuracy requirements applicability condition, it is important to make sure that inaccurate measurements are not continued and not reported, which means they have to be discarded.
· Proposal 26: The UE shall discard the UE Rx-Tx time difference measurement if the uplink transmission timing (autonomous or based on network-configured TA) changes during the UE Rx-Tx measurement period.

5 UE Rx-Tx Measurement Accuracy
5.1 UE Rx-Tx accuracy requirements

Based on the results in [7], it has been observed that:
· Observation 10: In the studied scenarios, multiple repetitions are very beneficial for small bandwidths, in both FR1 and FR2.

· Proposal 27: Multiple repetitions or comb patterns in time are considered when defining the accuracy requirements for UE Rx-Tx, at least for small bandwidths.

The accuracy would then be decided, based on the agreed numbers of the comb patterns.
5.2 The impact of antenna panel on UE Rx-Tx accuracy
The systematic errors related to the receive timing associated with different UE antenna panels have a very large impact on positioning measurement accuracy. In fact, when the same antenna panel is used to transmit SRS and receive PRS, the error can be cancelled out, while the errors may add up in case different antenna panels are used for performing the same UE Rx-Tx measurement.
· Proposal 28: RAN4 specifies at least the UE Rx-Tx accuracy requirements (+/-Y dB) under the assumption of using the same antenna panel for transmitting SRS and receiving PRS for the same UE Rx-Tx measurement. 
· Proposal 29: For different antenna panels within the same UE Rx-Tx measurement, the UE Rx-Tx accuracy can be specified as +/-Y+(Y dB.
5.3 UE Rx-Tx measurement accuracy under cell change

In [1], it was agreed:

· If the cell change occurs on the serving cell where the SRS is configured then after the serving cell change:

· the UE shall restart the UE Rx-Tx time difference measurement;

· otherwise the UE shall continue the ongoing UE Rx-Tx time difference measurement.
It is however not decided yet which accuracy requirements apply under the cell change.
· Proposal 30: FFS: The applicable accuracy requirements for UE Rx-Tx measurements under cell change, considering the cases:
· intra-frequency HO,

· inter-frequency HO.

5.4 UE Rx-Tx measurement accuracy under NTA_offset change
In RAN4#95-e, it has been agreed that:
· UE Rx-Tx time difference accuracy requirements do not apply under NTA_offset change during the measurement period

· FFS: whether/how this needs to be captured in the specification 

The above agreement can be easily captured in the accuracy requirements:
· Proposal 31: Clarify in section 10.1.25.2 in TS 38.133: “UE Rx-Tx time difference accuracy requirements shall not apply if NTA_offset defined in Table 7.1.2-2 in 38.133 changes during the UE Rx-Tx measurement period.”
5.5 UE Rx-Tx measurement accuracy under TA adjustment

In [1], the following agreement related to TA was made:
· Impact of PRS based measurements on UE timing:
· Existing requirements on UE transmit timing in section 7.1 and TA in section 7.3 in TS 38.133 shall apply during the PRS based positioning measurements.

However, with the above agreement, it is unclear what are the UE requirements for the UE Rx-Tx measurement during which timing adjustment was applied at least once.
In RAN4#95-e, this has been captured as an open issue:

· FFS: whether UE shall continue the UE Rx-Tx time difference measurement during which timing adjustment for its UL transmissions, autonomous adjustment or based on configured TA, occurred one or more times

· FFS: for UE autonomous adjustment and for network issued TA change

· Consider the issue together with gNB Rx-Tx time difference measurement behavior

Furthermore, for gNB it has been agreed that:

· In both serving and neighbour cells of the UE, gNB Rx-Tx accuracy shall not apply if UE transmit timing changes due to gNB sending Timing Advanced (TA) during the measurement period.

A similar clarification is also needed in UE Rx-Tx accuracy requirments.
· Proposal 32: UE Rx-Tx measurement accuracy requirements shall not apply if the uplink transmission timing (autonomous or based on network-configured TA) changes during the UE Rx-Tx measurement period.
6 Summary

The following have been observed and proposed in this contribution for PRS RSTD measurements.
· Proposal 1: For UE Rx-Tx, the same conclusions on the relation between k1 and k2 shall apply as for RSTD.
· Proposal 2: For UE Rx-Tx, the same conclusions on the range for k-values in FR1 shall apply as for RSTD.
· Observation 1: With Option 1 in Tables 1-6, the agreed in [2] range up to 8191(Tc can only be achieved for k=0; the range is smaller for other k-values.
· Proposal 3: Ensure the same range for all k-values, e.g., by increasing the last reporting interval in the tables for k≥1 (e.g., to 8191).
· Proposal 4: Agree on measurement report mapping tables based on the agreed range from 0 to +8191 Tc, according to Tables 1–6 (Option 2).
· Observation 2: With Option 1 in Tables 7-12, the mapping is not fully symmetric for k≥2 and not fully covering the agreed range for all k-values.
· Proposal 5: Ensure the same range for all k-values, e.g., by centering the range and increasing the first and last reporting intervals in the tables for k≥2 to cover exactly the agreed range [-8175, 8175].
· Proposal 6: Agree on Option 2 in Tables 7-12 for implementing in TS 38.133.
· Observation 3: There is a big range of the number of PRS symbols which can be available within each PRS periodicity Tper, depending on the configuration:

· For comb-2: from 2 symbols (1 pattern in slot and no repetitions) up to 384 symbols (2 symbols of one comb-2 pattern ( 6 comb patterns within a slot ( 32 slot repetitions)

· For comb-12: from 12 symbols (1 pattern in slot and no repetitions) up to 384 symbols (12 symbols of one comb-12 pattern ( 32 slot repetitions)

· Proposal 7: The UE requirements (accuracy and/or measurement period) shall depend on:

· the number of slot repetitions (note: two closest repetitions within the same PRS period can be separated by up to 32 slots), and 

· the number of comb patterns per slot.

· Proposal 8: The total required number of comb patterns for a PRS resource set of a given <FR, SCS, BW> is specified in accuracy requirements, and the measurement period will then depend on the required and the actual configuration of the number of slot repetitions and the number of patterns per slot. The accuracy level will apply, provided the corresponding numbers of comb patterns are available for the measurement.
Table 13: An example template for minimum number of comb patterns to meet the accuracy requirements.

	FRx, SCS, number of PRBs
	Minimum number of comb patterns, NUERxTx,req

	
	Es/Iot≥-3
	Es/Iot≥-6
	Es/Iot≥-13

	FR1, 15 kHz, ≤52 PRBs (10 MHz)
	
	
	

	FR1, 15 kHz, ≤104 PRBs (20 MHz)
	
	
	

	FR1, 15 kHz, >104 PRBs
	
	
	

	FR1, 30 kHz, ≤48 PRBs (20 MHz)
	
	
	

	FR1, 30 kHz, ≤132PRBs (30 MHz)
	
	
	

	FR1, 30 kHz, ≤272 PRBs (100 MHz)
	
	
	

	FR2, 120 kHz, ≤32 PRBs (50 MHz)
	
	
	

	FR2, 120 kHz, >32 PRBs
	
	
	


· Observation 4: Given that two closest repetitions within the same PRS period can be separated by up to 32 slots and the number of repetitions can be up to 32, a PRS occasion defined to include all repetitions would be too long and could contain PRS slots sparsely configured in time which could not be coherently aggregated anyway.

· Observation 5: defining PRS occasion as one PRS slot is also not efficient since one PRS slot may contain different number of comb patterns, depending on comb (e.g., up to 6 comb-2 patterns but only one comb-12 pattern).

· Proposal 9: Do not define the term “PRS positioning”; or, alternatively, define PRS occasion as one PRS pattern in time. 
· Proposal 10: Serving cell side condition for UE Rx-Tx: -3 dB, for FR1 and FR2.
· Proposal 11: For UE Rx-Tx in FR1, no impact of UE RX beam sweeping on RSTD measurement period shall be considered.
· Proposal 12: For UE Rx-Tx in FR2, for the case when the QCL information is available to the UE, there is no impact of UE rx beam sweeping on UE Rx-Tx measurement period.
· Proposal 13: When measurement gaps are used, the measurement period TUERxTx, without considering the dropped PRS impact, can be determined as:

TUERxTx = ceil(NUERxTx,req / KPRS) ( max(TPRS, MGRP) ( CSSF ( X, 

where:
NUERxTx,req comb patterns are required for an RSTD measurement to meet the required accuracy,

KPRS is the number of comb patterns within the effective measurement time of a single measurement gap (NOTE: MGL can be longer than one PRS period),
TPRS is the PRS periodicity,

X is FFS (X≥1) related to UE measurement capability.
· Proposal 14: During the UE Rx-Tx measurement period TUERxTx specified in TS 38.133, the UE shall be able to perform UE Rx-Tx measurements for up to MPRS PRS resources per PRS resource set (MPRS≤X4=64) in up to MPRSset per TRP (MPRSset≤X3=2) for up to MTRP TRPs per carrier frequency (MTRP≤X2=64).

· Proposal 15: If UE Rx-Tx is not configured together with PRS-RSRP, the UE Rx-Tx measurement period is defined as TUERxTX.

· Proposal 16: If UE Rx-Tx is configured together with PRS-RSRP, then the measurement periods for both measurements are defined as:
· max(TUERxTx,TPRS-RSRP), where TPRS-RSRP and TUERxTx are the measurement periods for PRS-RSRP and UE Rx-Tx, when configured without other measurements.

· Proposal 17: The UE Rx-Tx measurement period TUERxTx can be extended to compensate for the number of PRS symbols not available at the UE due to their overlap with SSB symbols, at least when the number of the non-available PRS symbols is large and the SSB symbols location is known to the UE.
· Proposal 18: The extension amount of TUERxTx can be determined by a scaling factor k and depends on the periodicity of the PRS resource which has non-available PRS symbols and the number of dropped PRS symbols in relation to the number of configured PRS symbols within a measurement gap.
· Proposal 19: If the number of PRS symbols not available at the UE exceeds an acceptable limit in relation to the number of configured PRS symbols within a measurement gap, the entire measurement can be dropped.
· Proposal 20: The UE Rx-Tx measurement period TUERxTx can also be extended to compensate for the number of dropped SRS transmissions, at least when the number of dropped SRS transmissions is large.
· Observation 6: SRS and PRS are configured by different network nodes (serving cell and LMF, respectively).
· Observation 7: SRS and PRS may be on different frequencies (inter-frequency UE Rx-TX).

· Observation 8: UE Rx-Tx measurement period depends on the periodicity of SRS signals.

· Observation 9: UE Rx-Tx measurement period depends on the periodicity of PRS signals.

· Proposal 21: UE Rx-Tx measurement period depends on max(PRS periodicity, SRS periodicity).
· Proposal 22: The requirements for UE Rx-Tx apply regardless of the time separation between SRS and PRS.

· Proposal 23: If the closest subframes #i and #j are separated by more than ½ subframe, the UE shall compensate for the difference in the received timing of radio frame #i used for TUE-TX estimation and the subframe #j.

· Proposal 24: When the on-going UE Rx-Tx measurement continues under a serving cell change (according to the earlier agreement), the UE Rx-Tx time difference measurement period is extended, and the extension depends on the number of serving cell changes and on the corresponding interruption time.
· Proposal 25: It is clarified in UE Rx-Tx measurement requirements (section 9.9.4 in TS 38.133) that the UE shall discard the UE Rx-Tx measurement if the NTA_offset changes during the measurement period.

· Proposal 26: The UE shall discard the UE Rx-Tx time difference measurement if the uplink transmission timing (autonomous or based on network-configured TA) changes during the UE Rx-Tx measurement period.

· Observation 10: In the studied scenarios, multiple repetitions are very beneficial for small bandwidths, in both FR1 and FR2.

· Proposal 27: Multiple repetitions or comb patterns in time are considered when defining the accuracy requirements for UE Rx-Tx, at least for small bandwidths.

· Proposal 28: RAN4 specifies at least the UE Rx-Tx accuracy requirements (+/-Y dB) under the assumption of using the same antenna panel for transmitting SRS and receiving PRS for the same UE Rx-Tx measurement. 

· Proposal 29: For different antenna panels within the same UE Rx-Tx measurement, the UE Rx-Tx accuracy can be specified as +/-Y+(Y dB.
· Proposal 30: FFS: The applicable accuracy requirements for UE Rx-Tx measurements under cell change, considering the cases:
· intra-frequency HO,

· inter-frequency HO.

· Proposal 31: Clarify in section 10.1.25.2 in TS 38.133: “UE Rx-Tx time difference accuracy requirements shall not apply if NTA_offset defined in Table 7.1.2-2 in 38.133 changes during the UE Rx-Tx measurement period.”

· Proposal 32: UE Rx-Tx measurement accuracy requirements shall not apply if the uplink transmission timing (autonomous or based on network-configured TA) changes during the UE Rx-Tx measurement period.

7 References
[1] R4-1915854, Way forward on NR Positioning RRM, Ericsson, Nov. 2019.
[2] R1-1913522, RAN1 LS on agreements related to NR Positioning, Nov. 2019.

[3] R4-2002328, WF on NR Positioning UE requirements, Qualcomm Inc. Feb. 2020.

[4] R4-2005378, WF on NR Positioning UE measurements and reporting (RAN4#94-e-Bis email thread #115), Qualcomm Inc., Apr. 2020.

[5] R4-2009257, agreed CR to 38.133, Reporting criteria for NR RSTD, UE Rx-Tx, PRS-RSRP, Ericsson, May 2020.

[6] R4-2011357, On RSTD measurements and measurement reporting, Ericsson, Aug, 2020.
[7] R4-2011362, Link-level simulation results for NR UE Rx-Tx, Ericsson, Aug. 2020.

[8] R4-2008664, WF on requirements for RSTD and UE Rx-Tx time difference measurement, Huawei, May 2020.

[9] R4-2009111, LS on intra/inter-frequency measurement for NR positioning, May 2020.
[10] R4-2009119, RAN4 LS on impact of NTA offset on UE Rx-Tx time difference measurement, May 2020.
[11] R4-2009254, endorsed CR to TS 38.133, UE Rx-Tx Measurement Report Mapping in NR in 38.133, Ericsson, May 2020.
PAGE  
3

