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1 Introduction
The RAN4#96-e agreements on UE Rx-Tx measurements are summarized in the WF [1]. 
RAN4#96-e agreements [1] for UE Rx-Tx:

· The exact measurement period for UE Rx-Tx is captured in CR R4-2012130 or its further revision
· For UE Rx-Tx in FR1, no impact of UE RX beam sweeping on UE Rx-Tx time difference measurement period shall be considered.

· Measurement period in case of HO

· UE restarts the measurement
· For defining UE Rx-Tx time difference accuracy requirements, follow the same conclusion for RSTD on 

· Number of PRS occasions or PRS repetitions for defining accuracy

· Whether accuracy requirements are agnostic to comb size

· Antenna panel assumption
· Applicable propagation channel for accuracy requirement
Open issues from RAN4#96-e [1] for UE Rx-Tx:

· Whether SRS periodicity should be accounted in measurement period

· Option 1: No
· Option 2: UE Rx-Tx measurement period depends on max(PRS periodicity, SRS periodicity)

· Option 3: clarify that the requirements can be more relaxed if SRS is more sparse than PRS

· Whether SRS dropping should be accounted in measurement period

· Option 1: No, FFS: RAN4 to define requirements for UE Rx-Tx time difference measurement period assuming no SRS dropping due to any reason

· Option 2: The UE Rx-Tx measurement period can also be extended to compensate for the number of dropped SRS transmissions, at least when the number of dropped SRS transmissions is large.

· Option 3: clarify in the requirements that the measurement period can be longer if some (or more than X) SRS are dropped

· SRS/PRS proximity
· Option 1: The measurement requirements is applicable only if any SRS transmission is within [-X, X] msec of at least one DL PRS resource of each of the TRPs in the assistance data. Accuracy requirements is independent of PRS and SRS separation
· Option 2: The measurement accuracy requirements for UE Rx-Tx time difference is applicable regardless of time separation of SRS transmissions and PRS receptions. Accuracy requirements shall be a function of maximum time separation among SRS transmissions and their corresponding closest PRS receptions

· Option 3: The requirements for UE Rx-Tx apply regardless of the time separation between SRS and PRS.

· Option 4: Add proper TRS settings in both all timing accuracy requirements and test cases so that UE can compensate the crystal clock frequency offset by measuring TRS

· SRS/PRS being in same band

· Option 1: Basic requirements for UE Rx-Tx time difference measurements shall be based on the assumption that positioning SRS resources are in the same band as PRS frequency layers.

· Option 2: RAN4 to define Rx-Tx time difference requirements only for the case where SRS resource is in the same band as PRS resource.

· Option 3: no restriction to the same band

· Measurement period in case of TA change (due to TA command)

· Option 1: UE Rx-Tx time difference measurement requirements are not applicable if TA change is received during the measurement period. 

· Option 2: UE shall discard the UE Rx-Tx time difference measurement if the uplink transmission timing changes during the UE Rx-Tx measurement period.

· Option 3: UE could continue UE/gNB Rx-Tx time difference measurement during which timing adjustment for its UL transmissions.

· Measurement period in case of TA change (due to UE autonomous adjustment)

· Option 1: UE Rx-Tx time difference measurement requirements are applicable for UE autonomous adjustment of UL timing.

· Option 2: UE shall discard the UE Rx-Tx time difference measurement if the uplink transmission timing changes during the UE Rx-Tx measurement period.

· Measurement period in case of NTA_offset change

· Option 1: the UE shall discard the UE Rx-Tx measurement if the NTA_offset changes during the measurement period (can be clarified in UE Rx-Tx measurement requirements in section 9.9.4 in TS 38.133)

· Option 2: No need to clarify UE Rx-Tx measurement requirements in case of NTA_offset change.
· Accuracy for serving/neighbor cells
· Option 1: Only one set of accuracy requirements applicable to both serving and neighbor cells to be defined

· Option 2: Define separate side conditions for serving and neighbor cells 

· Serving cell side condition for UE Rx-Tx: -3 dB, for FR1 and FR2

· FFS: same or different requirements for serving and neighbor cells

· Rx-Tx calibration error budget at UE and gNB

· Option 1: The Rx-Tx calibration error budget at UE and gNB shall be defined to be of the same scale.

· Option 2: FFS in Performance part
· Applicability of accuracy requirements in case of HO

· Option 1: UE Rx-Tx time difference accuracy requirements do not apply with HO during the measurement period.

· Option 2: Define the applicable accuracy requirements for UE Rx-Tx measurements under cell change, considering the cases of intra-frequency HO and inter-frequency HO

· Applicability of accuracy requirements in case of NTA_offset change

· Option 1: RAN4 not to capture applicability of UE Rx-Tx time difference accuracy requirements under NTA_offset change during the measurement period

· Option 2: 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.”

In this contribution, we continue the discussion on open issues for NR UE Rx-Tx measurement requirements in Rel-16.
2 UE Rx-Tx Side Conditions

UE Rx-Tx side conditions for neighbor cells were agreed in [2], to be the same as for RSTD. No reference cell side conditions will be defined for UE Rx-Tx [3]. 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.

Since the measurement is going to be used more frequently in the serving cell and also the measurement can be naturally more accurate in the serving cell than in a neighbor cell at -13 dB, it is important to ensure that better side condition than that for neighbor cells is also included in the requirements.
· Proposal 1: In addition to -13 dB, also a higher side condition (e.g., -3 dB) is defined for UE Rx-Tx measurements, for both FR1 and FR2.
3 UE Rx-Tx Measurement Period

The following measurement period was agreed for UE Rx-Tx in RAN4#96-e:
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The above measurement period was taken in RAN4#96-e, based on majority view, for the case when measurement gaps and processing time T have overlap between different frequency positioning frequency layers, and the UE is not able to simultaneously receive on multiple frequencies at the same time. The requirement for the case without the overlap was not agreed.
3.1 Overlapping (Shared Gap) Case

When a MG is shared among measurements on different frequencies, then the measurement period has to allow for sequential measurements (i.e., one frequency at a time). In NR, this is controlled by CSSF. For example:

· Figure 1a: CSSF=1 for a single frequency layer (L=1), 

· Figure 1b: CSSF=2 for two frequency layers (L=2) which are sharing the same gap.
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Figure 1a: CSSF=1, L=1.
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Figure 1b: L=2 with gap sharing, CSSF=2.

· Observation 1: The measurement period requirement in TS 38.133 is not correct (as seen from Figure 1b).

· Proposal 2: CSSF is the NR concept which is used for all types of measurements including RRM, scaling based on the number of frequency layers is the LTE concept. Hence, for the gap sharing case, CSSF shall be used in the requirements, but ( over frequency layers shall be replaced with the max operator:
[image: image7.png]TueRxTx Total = MaX; (TygreTxi)



.

3.2 Non-Overlapping (Non-Shared Gap) Case
When a MG is not shared with other measurements, CSSF=1, which is illustrated in Figure 2 for two frequencies (L=2). The figure also illustrates the current requirement (for the overlapping case) in 38.133, for comparison.
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Figure 2: L=2 without gap sharing, CSSF=1.

· Observation 2: The measurement period requirement in TS 38.133 for the sharing case is not relevant (unnecessarily too long) for the non-sharing case.

· Proposal 3: Measurement period for the non-sharing case shall be:
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4 Measurement Period for UE Rx-Tx with PRS-RSRP

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 and meet the accuracy requirements. Therefore, the measurement period should be such as both accuracies can be met.

· Proposal 4: When UE Rx-Tx is configured together with PRS-RSRP and the required PRS-RSRP measurement period is longer than that for UE Rx-Tx (configured without PRS-RSRP), then the UE Rx-Tx measurement continues over the entire PRS-RSRP measurement period.

5 The Impact of Dropped PRS
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.

· Proposal 5: RAN4 decides among the following options for the dropped PRS (which are allowed according to RAN1):
· Option 1: UE extends the UE Rx-Tx measurement period in a specified way, based on the number of dropped PRS.

· Option 2: UE is allowed to extend the UE Rx-Tx measurement period (clarified in the requirements) if more than N PRS are dropped, but the exact value is not specified.

· Option 3: The UE Rx-Tx requirements apply, regardless of how many PRS are dropped.
6 The Impact of Dropped SRS Transmissions

In some cases, the UE is allowed to drop its UL transmissions.
· Proposal 6: RAN4 decides among the following options for the dropped SRS:

· Option 1: UE extends the UE Rx-Tx measurement period in a specified way, based on the number of dropped SRS.

· Option 2: UE is allowed to extend the UE Rx-Tx measurement period (clarified in the requirements), but the exact value is not specified.

· Option 3: The UE Rx-Tx requirements apply, regardless of how many SRS are dropped.
7 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:
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for PRS SCS of 15, 30, 60 and 120kHz respectively. [image: image15.png]ToRS
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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 3: SRS and PRS are configured by different network nodes (serving cell and LMF/neighbor cells, respectively).
· Observation 4: The SRS is always transmitted to the serving cell while PRS may have to be received from non-collocated neighbor cells.

· Observation 5: The network cannot guarantee that SRS and PRS occur in a certain time relation and/or with the same periodicity. Even the first SRS may be transmitted much later or get never transmitted in the worst case.
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 7: UE Rx-Tx measurement period also depends SRS periodicity, e.g.:
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8 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.

· Proposal 8: The requirements for UE Rx-Tx apply regardless of the time separation between SRS and PRS (LTE approach).

9 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 9: 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.

10 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.

· Observation 6: Neighbor cells are not aware of network-configured TA. Neither serving cell nor neighbor cell is aware of autonomous timing adjustments.
· Observation 7: For gNB, it has been already agreed that in both serving and neighbor 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.
· Proposal 10: 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.
11 UE Rx-Tx measurement procedure under cell change

In the existing requirements in section 9.9.4.5 (Measurement Period Requirements) the following rule is defined under cell change:

· The UE Rx-Tx time difference measurement is restarted if HO occurs during the measurement period and after SRS reconfiguration on the target cell is complete.

The underlying assumption is that the SRS is configured for UE Rx-Tx time difference on the PCell, which is the basic scenario. 

According to the approved WF at RAN4#93 in [2] the following 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.
This means if the serving cell, which does not have SRS, changes then the UE can continue the UE Rx-Tx time difference measurement. The reason is that in this case the serving cell change does not impact the on-going UE Rx-Tx time difference measurement. Therefore, we suggest to modify the current wording as follows.
· Proposal 11: The UE Rx-Tx time difference measurement is restarted if the serving cell (PCell, PSCell, or SCell) configured with the SRS for positioning changes during the measurement period. In this case, the UE shall restart the UE Rx-Tx time difference measurement after the SRS reconfiguration on the target cell is complete. Otherwise, the UE shall continue the on-going UE Rx-Tx time difference measurement after the serving cell change.
12 Summary

· Proposal 1: In addition to -13 dB, also a higher side condition (e.g., -3 dB) is defined for UE Rx-Tx measurements, for both FR1 and FR2.

· Observation 1: The measurement period requirement in TS 38.133 is not correct (as seen from Figure 1b).

· Proposal 2: CSSF is the NR concept which is used for all types of measurements including RRM, scaling based on the number of frequency layers is the LTE concept. Hence, for the gap sharing case, CSSF shall be used in the requirements, but ( over frequency layers shall be replaced with the max operator:
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· Observation 2: The measurement period requirement in TS 38.133 for the sharing case is not relevant (unnecessarily too long) for the non-sharing case.

· Proposal 3: Measurement period for the non-sharing case shall be:
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· Proposal 4: When UE Rx-Tx is configured together with PRS-RSRP and the required PRS-RSRP measurement period is longer than that for UE Rx-Tx (configured without PRS-RSRP), then the UE Rx-Tx measurement continues over the entire PRS-RSRP measurement period.

· Proposal 5: RAN4 decides among the following options for the dropped PRS (which are allowed according to RAN1):

· Option 1: UE extends the UE Rx-Tx measurement period in a specified way, based on the number of dropped PRS.

· Option 2: UE is allowed to extend the UE Rx-Tx measurement period (clarified in the requirements) if more than N PRS are dropped, but the exact value is not specified.
· Option 3: The UE Rx-Tx requirements apply, regardless of how many PRS are dropped.

· Proposal 6: RAN4 decides among the following options for the dropped SRS:

· Option 1: UE extends the UE Rx-Tx measurement period in a specified way, based on the number of dropped SRS.

· Option 2: UE is allowed to extend the UE Rx-Tx measurement period (clarified in the requirements), but the exact value is not specified.

· Option 3: The UE Rx-Tx requirements apply, regardless of how many SRS are dropped.
· Observation 3: SRS and PRS are configured by different network nodes (serving cell and LMF/neighbor cells, respectively).
· Observation 4: The SRS is always transmitted to the serving cell while PRS may have to be received from non-collocated neighbor cells.

· Observation 5: The network cannot guarantee that SRS and PRS occur in a certain time relation and/or with the same periodicity. Even the first SRS may be transmitted much later or get never transmitted in the worst case.
· Proposal 7: UE Rx-Tx measurement period also depends SRS periodicity, e.g.:
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· Proposal 8: The requirements for UE Rx-Tx apply regardless of the time separation between SRS and PRS (LTE approach).

· Proposal 9: 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.

· Observation 6: Neighbor cells are not aware of network-configured TA. Neither serving cell nor neighbor cell is aware of autonomous timing adjustments.
· Observation 7: For gNB, it has been already agreed that in both serving and neighbor 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.
· Proposal 10: 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.
· Proposal 11: The UE Rx-Tx time difference measurement is restarted if the serving cell (PCell, PSCell, or SCell) configured with the SRS for positioning changes during the measurement period. In this case, the UE shall restart the UE Rx-Tx time difference measurement after the SRS reconfiguration on the target cell is complete. Otherwise, the UE shall continue the on-going UE Rx-Tx time difference measurement after the serving cell change.
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