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1 Introduction

In last two RAN1 meetings, there are following agreements,
· For in-band operation, the length-2 NPRS sequence is truncated from Rel-14 PRS sequence corresponding to the LTE PRB of the NB-IoT carrier [1].

· Use PRS baseband definition for NPRS in case of in-band NB-IoT carrier configured with NPRS [2].
Based on the above agreements, for in-band operation, NPRS and PRS configured in same the PRB can be clearly supported when they have same (N)cell ID or configured (N)PRS ID. However, there are still some unclear cases when both NPRS and PRS are configured in same PRB but have different (N)cell IDs or configured (N)PRS IDs which results in different transmit signals.  If UE does not know the actual transmission in the PRB, there might be impact on RSTD measurement. In this contribution, we show our investigation and proposal on this issue of collision between NPRS and PRS in same PRB.
2 Possible collision between NPRS and PRS in same PRB
For NPRS and PRS, the sequence generation and v_shift for resource mapping (i.e. the RE position) depend on their (N)cell IDs or configured (N)PRS IDs. There are two cases if NPRS and PRS signals are generated by different (N)cell IDs or configured (N)PRS IDs in same PRB configured for positioning.
Case 1: Values of v_shift are different between NPRS and PRS

[image: image1.png]PRB #k+1

The EPRE of PRS between
PRBs may be different

PRB #k

One and two PBCH antenna

ports

| PRS

"

1=61=0

The EPRE of NPRS between
PRBs may be different

sub—frame #n+1




Figure 1 Case 1: values of v_shift are different between NPRS and PRS
In this case, REs of NPRS and PRS are not collided in the PRB. Therefore, at the eNB side, both NPRS and PRS signals can be transmitted in the PRB and neither needs to be discarded. At the UE side, although the NPRS signal and PRS signal are different, each can be used for positioning measurement without impact on UE behavior, just like the case of NPRS and PRS being configured in different PRBs. However, considering the possible power boosting on NPRS and/or PRS signals, the EPRE of NPRS or PRS in a PRB where both are present may be different to the EPRE in PRBs where NPRS and PRS are not transmitted simultaneously. Different EPRE of (N)PRS between PRBs may cause a negative impact on the performance of RSTD measurement. This could possibly be solved for NB-IoT UE by introducing additional signaling but legacy LTE UE would not have such new signaling.
Observation 1: In case values of v_shift are different between NPRS and PRS, EPRE of NPRS signal in a PRB with both NPRS and PRS configured may be different to a PRB where only one of NPRS or PRS are configured.
Observation 2: If UE is not aware of the varying EPRE of NPRS or PRS between positioning PRBs, there may be a negative impact on the performance of RSTD measurement.

Observation 3: Additional signaling to indicate the difference of EPRE between such PRBs could be introduced for NB-IoT positioning but legacy LTE UEs are still impacted.

Case 2: Values of v_shift are the same for NPRS and PRS but reference signal sequence is different
In this case, REs of NPRS and PRS are collided in the PRB. eNB has to decide which one would be discarded. Obviously, the performance of RSTD measurement related to the discarded one will degrade somehow. Generally, the degrade extent is related to the ratio of collisions in total allocated resources. If UE does not know the reference signal has been discarded and still performs measurement on that PRB, the performance may be even worse. NB-IoT UE is not forced to know PRS configuration and LTE UE does not know the NPRS configuration. Therefore, in order to avoid UE measurement performance degradation, this case should be precluded.
In summary, and considering legacy LTE UE cannot receive any new positioning configuration signaling we propose:
Proposal: For in-band operation, UE can assume NPRS and PRS occur in the same PRB only if 
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3 Conclusions
In this paper, the problem of collision between NPRS and PRS with different (N)cell ID or (N)PRS ID for in-band mode was discussed. Following observations and proposal are summarized as,
Observation 1: In case values of v_shift are different between NPRS and PRS, EPRE of NPRS signal in a PRB with both NPRS and PRS configured may be different to a PRB where only one of NPRS or PRS are configured.

Observation 2: If UE is not aware of the varying EPRE of NPRS or PRS between positioning PRBs, there may be a negative impact on the performance of RSTD measurement.

Observation 3: Additional signaling to indicate the difference of EPRE between such PRBs could be introduced for NB-IoT positioning but legacy LTE UEs are still impacted.
Proposal: For in-band operation, UE can assume NPRS and PRS occur in the same PRB only if 
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