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1. Introduction

In RAN4#94-e, RRM requirements for Rx-Tx time difference measurement were discussed and the outcomes are captured in the agreed WF [1]. The remaining issues include
· Definition of intra/inter-frequency and the maximum number of PRS layers in UE active BWP 
· Need for measurement gap and scheduling restriction
· Measurement period 

· Measurement capability 
· Measurement accuracy and side condition

· Reporting criteria
· Proximity between SRS and PRS
· Measurement report mapping

In this paper, we will provide our views for the above issues.
2. Discussion
2.1. Commonality between Rx-Tx time difference and RSTD
There are some commonalities in Rx-Tx time difference measurement and RSTD measurement, as both of them are measured on PRS, and the signalling for assistance data provision, measurement request and measurement reporting are quite similar. In our view, the conclusions on the following issues for RSTD can be re-used for Rx-Tx time difference, so RAN4 does not need to repeat the discussions.

· Definition of intra/inter-frequency and the maximum number of PRS layers in UE active BWP 
· Need for measurement gap and scheduling restriction
· Measurement period framework

· The framework can be re-used while the exact number of PRS occasions can be further discussed based on the simulation results and the target Rx-Tx time difference accuracy

· Measurement capability
· Reporting criteria 
Proposal 1: Conclusions on the following issues for RSTD are re-used for Rx-Tx time difference
· Definition of intra/inter-frequency and the maximum number of PRS layers in UE active BWP 

· Need for measurement gap and scheduling restriction

· Measurement period framework

· Measurement capability 
· Reporting criteria
We have addressed the above issues for RSTD in our companion paper [2], and next we will only focus on the other open issues that need special considerations for Rx-Tx time difference, which include
· Measurement accuracy and side condition

· Measurement report mapping
On the proximity between SRS and PRS we are still checking on the feasibility and its impact.
2.2. Measurement accuracy and side condition
In our view, the same side condition should apply for all cells involved in Rx-Tx time difference measurement. 

· Serving cell is not applicable for PRS measurement, and it may be the reference cell or a neighbour cell or even not part of the PRS measurement, so there is no need to define particular side condition for it. 
· Although reference cell and neighbour cell are both applicable for PRS measurement, unlike RSTD the Rx-Tx time difference is separately measured from each PRS resource. In this sense, the reference cell and the neighbour cell are same for Rx-Tx time difference measurement. 

· It should be noted that the Es/Iot level may be same or different for reference cell and neighbour cell, and that depends on the scenario and deployment.
The next question is what Es/Iot level should be used to define the accuracy requirements and how many samples are assumed. Due to time limit, we did not provide simulation results for TOA accuracy for this meeting, but based on our observations, the accuracy of single-shot TOA measurement is not heavily impacted by the SNR condition. Therefore, we suggest to define Rx-Tx time difference accuracy based on single-shot measurement for the following side condition:
· Es/Iot = -13dB for FR1 and Es/Iot = -10dB for FR2
Proposal 2: Define Rx-Tx time difference accuracy requirements based on single-shot measurement for the following side condition:

· Es/Iot = -13dB for FR1 and Es/Iot = -10dB for FR2

Same side condition applies for all cells involved in Rx-Tx time difference measurement.
Another issue discussed in RAN4#94-e is whether the measurement requirements are applicable in case of cell change or TA change. In our view, in case of cell change or TA change, the Tx time of SRS will change, and UE should restart the Rx-Tx time difference. It means the measurement period needs to be restarted and the accuracy requirements can be met only after the measurement period.

Proposal 3: The measurement period and accuracy requirements do not apply if cell change or TA change occurs during Rx-Tx time difference measurement period.

2.3. Report mapping for absolute Rx-Tx time difference
In RAN4#94-e there was no conclusion for Rx-Tx time difference report mapping due to diverse views from companies. Instead, some design aspects are summarized by the moderator which in our view are helpful to facilitate the discussions. Next we will provide our views on these aspects.
1. Uniform vs. Non-uniform granularity

We prefer uniform granularity across the whole range 

In NR, unlike in LTE, the Rx-Tx time difference is measured from neighbour cells. Also, the measurement is used for multi-RTT, which does not require synchronization between cells. Therefore, depending on the transmit timing difference between the neighbour cell and UE’s serving cell, a neighbour TRP with large Ex-Tx time difference e.g. close to 500us may also be close in distance to UE. 
2. Reporting range
We prefer the range from -500us to +500us for FR1 and -125us to +125us for FR2
Before discussing the range of Rx-Tx time difference we need to clarify the scenarios. This is mainly discussed in RAN1, but we think PRS layer should be same as or at least intra-band with the SRS layer. 

· PRS layer is same as SRS layer if PRS layer is within CBW of the serving cell where UE transmits SRS
· PRS layer is intra-band with SRS layer if PRS layer is within CBW of the serving cell which is in the same band as the serving cell where UE transmits SRS
With above assumption the range of Rx-Tx time difference for FR2 can be small because in FR2
· the transmit timing of the PRS would be synchronized to the DL timing of the serving cell where UE transmits SRS, and 

· the receive time of the PRS and the transmit time of the SRS would also be close considering the small propagation in FR2

Therefore, we suggest to use a small range -125us to +125us for FR2 for FR2. For FR1, even PRS layer is same as SRS layer, the Rx-Tx time difference range needs to be from -500us to +500us because even cells on the same layer can be asynchronous e.g. in FDD.
Another issue related to the Rx-Tx time difference range is whether the range should cover only positive values (single sided) or both positive and negative values (double sided). For this issue, the definition of Rx-Tx time difference is copied from 38.215 as below. 

	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.


Based on our understanding of the definition, the measurement could be both positive and negative, and we show the example for each case in Figure 1. In the left figure Rx-Tx time difference is negative (Rx is earlier than Tx) while in the right figure it is positive (Rx is later than Tx).


[image: image1]

 SHAPE  \* MERGEFORMAT 
[image: image2]
Figure 1: Example of Rx-Tx time difference measurement.
3. Parameter k
We prefer to use allow UE to choose k value down to -1 but no greater than the nominal granularity
We do not have strong view on whether UE should always follow the configured k value or UE can choose the k value. We slightly prefer to allow UE to choose the k value for reporting because 

· the nominal granularity is determined by the configured PRB number and the SCS of the PRS layer (subject to the maximum PRS BW UE can support), and UE should at least be able to report with this granularity

· As an example, if PRS is configured with 272PRB and 30kHz SCS, and assuming UE can support PRS BW of 100MHz, the FFT size is 4096 and the nominal granularity is 1/(4096*30000) = 16 Tc, which corresponds to k = 4

· UE should be allowed to use finer granularity than the nominal granularity, e.g. UE may employ oversampling and interpolation to get finer granularity, and this should not be prohibited from specification as long as the accuracy requirements are met
On the minimum value for k, we prefer to define it as -1 to be more future proof. If UE can choose the actual k value for reporting, we also see no need to have different minimum k value for FR1 and FR2 as this will limit the UE implementation and again not future proof.
4. Number of mapping tables
We prefer to define one mapping table per k value
Following our preferences above, the reporting range is different for FR1 and FR2, but the reporting granularity is up to UE to choose and uniform across the whole range. 

In this case, we do not see any benefit to combine the mapping for different granularities in one table, but instead it will complicate the specification because RAN4 or RAN2 needs to describe how the bit string is mapped to indexes and how the indexes are mapped to values, which is not straightforward based on a single table for different granularities. 

We also do not see the benefit to use relative mapping. In our understanding, relative mapping was introduced in LTE mainly due to backward compatibility issue, which does not exists for NR.
5. NTA_offset
We see no need to report NTA_offset to LMF
In RAN4#94-e, some companies proposed that NTA_offset is accounted in the report mapping for Rx-Tx time difference, and is also reported to the LMF. We agree that the SRS Tx timing always includes NTA_offset, and NTA_offset will impact the value from the measurement, so it is reasonable to account for it in the report mapping. However, we think the suggested range above, i.e. -500us to +500us for FR1 and -125us to +125us for FR2, is already sufficient to account for NTA_offset and no further adjustment is needed.
We also do not see the need to report NTA_offset to LMF. This is because the positioning fix will be based on the sum of the UE Rx-Tx time difference and gNB Rx-Tx time difference, and when they are added, NTA_offset will be cancelled out, so LMF does not need to know the NTA_offset used for SRS transmission. 

Proposal 4: The report mapping for absolute Rx-Tx time difference is defined by following principles.

· The reporting range is from -500us to +500us for FR1, and from -125us to +125us for FR2,

· The reporting granularity k is to be chosen by UE 

· The minimum value is -1 

· The maximum value is corresponding to the nominal granularity, which is determined by the configured PRB number and the SCS of the PRS layer (subject to the maximum PRS BW UE can support)

· The reporting granularity is uniform across the whole range
· One mapping table is defined for each k value, and relative reporting is not used
Proposal 5: Do not introduce reporting of NTA_offset to LMF.

2.4. Report mapping for differential Rx-Tx time difference
RAN1 and RAN2 have agreed [3] to introduce differential Rx-Tx time difference for 

· Additional PRS resources for the same TRP 

· Additional path for the same pair of PRS resources 
Granularity 

For both types of the differential reporting, the granularity should be same as for the absolute reporting. This is because the differential reporting is used only to save signalling overhead, but from UE measurement point of view, there is no difference between measurements on different resources or different paths.

Range

For additional resource reporting, we understand UE can select the PRS resource which gives the smallest TOA for absolute value reporting, so the additional resource reporting only needs to cover the positive range. 

For additional path reporting, we understand the additional path may be earlier or later than the “first path” determined by certain criteria which are up to UE implementation, so the reporting should have both positive and negative ranges.
On the maximum range, as the additional reporting is for the same PRS resource, the values should be quite small. In LTE the range for the additional path reporting is +/-4.17us, and for NR similar range can be used, and we propose to define the range as +/-5us.

Proposal 6: The report mapping for differential Rx-Tx time difference is defined by following principles.

· The reporting granularity k is same as for the absolute Rx-Tx time difference
· The range for additional resource reporting is from 0 to +5us

· The range for additional path reporting is from -5us to +5us
3. Conclusions

In this paper we provided our views on Rx-Tx time difference measurement requirements.
Proposal 1: Conclusions on the following issues for RSTD are re-used for Rx-Tx time difference
· Definition of intra/inter-frequency and the maximum number of PRS layers in UE active BWP 

· Need for measurement gap and scheduling restriction

· Measurement period framework

· Measurement capability 
· Reporting criteria
Proposal 2: Define Rx-Tx time difference accuracy requirements based on single-shot measurement for the following side condition:

· Es/Iot = -13dB for FR1 and Es/Iot = -10dB for FR2

Same side condition applies for all cells involved in Rx-Tx time difference measurement.

Proposal 3: The measurement period and accuracy requirements do not apply if cell change or TA change occurs during Rx-Tx time difference measurement period.

Proposal 4: The report mapping for absolute Rx-Tx time difference is defined by following principles.

· The reporting range is from -500us to +500us for FR1, and from -125us to +125us for FR2,

· The reporting granularity k is to be chosen by UE 

· The minimum value is -1 

· The maximum value is corresponding to the nominal granularity, which is determined by the configured PRB number and the SCS of the PRS layer (subject to the maximum PRS BW UE can support)

· The reporting granularity is uniform across the whole range
· One mapping table is defined for each k value, and relative reporting is not used
Proposal 5: Do not introduce reporting of NTA_offset to LMF.

Proposal 6: The report mapping for differential Rx-Tx time difference is defined by following principles.

· The reporting granularity k is same as for the absolute Rx-Tx time difference
· The range for additional resource reporting is from 0 to +5us

· The range for additional path reporting is from -5us to +5us
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