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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#93, the following agreements are achieved.
Agreement:
· The new NPRS sequence is generated by changing current NPRS mapping to resource elements  in TS 36.211 Section 10.2.6A.2 to
.
· No other changes
Agreement:
[bookmark: _GoBack]For the guard band and standalone cases, the UE is not expected to be configured with a legacy NPRS sequence
Agreement:
For the in-band case, the new NPRS sequence that is designed can operate in a backward compatible manner with the Rel-14 NPRS by configuration
According to the agreements, the legacy NPRS is not applied for guard band and standalone cases, and the new NPRS can operate in a backward compatible manner with legacy NPRS only for in-band case. In this contribution, we further provide detailed analysis on how to handle new and legacy NPRS for in-band operation mode.
[bookmark: _Ref129681832]Discussion
In [1][2][3], some companies proposed to change the legacy NPRS and finally it was agreed to introduce the new NPRS for Rel-14. The reason that UE is not expected to be configured with a legacy NPRS for guard-band and stand-alone is due to the understanding that no commercial field test and deployment in real for OTDOA so far by using legacy NPRS. So RAN1 decided to timely replace legacy NPRS by new NPRS which can prevent duplicate signaling and resource overhead in the future.
There is an exception for the in-band case that the new NPRS sequence that is designed can operate in a backward compatible manner with the legacy NPRS by configuration. This is because legacy NPRS is designed to keep full synergy between LTE PRS and NB-IoT NPRS for in-band case. Specifically, legacy NPRS and PRS are identical when they are configured to be present at same REs within the PRB. Now the new NPRS mapping is changed which means in case it is configured to be overlapped with LTE PRS then they are no longer same. 
Observation 1: For in-band case, legacy NPRS is identical to LTE PRS to allow the network to configure overlapped resource elements for NPRS and LTE PRS.
Observation 2: For in-band case, new NPRS is different to LTE PRS in overlapped resource elements which are configured with both NPRS and LTE PRS. 
On the other hand, NB-IoT UE can report to the network whether it is capable to support receiving LTE wideband PRS configuration. The problem is: 
· An NB-IoT UE capable to receive LTE PRS configuration does not know the eNB behavior for which positioning signal (new NPRS or LTE PRS) is expected to be transmitted on the overlapped resource elements. Such UEs may lose performance due to incorrect interpretation of what the eNB transmits.
· An NB-IoT UE not capable to receive LTE PRS configuration does not know whether and where the network configure overlapped REs for new NPRS and PRS. Such UEs may lose performance because they are not aware of the overlap and eNB may transmit different signal than UE expected. 
That is the reason why it was agreed the new NPRS can operate in a backward compatible manner with the legacy NPRS by configuration for in-band case. The following illustrations show three different cases for this new NPRS and LTE PRS overlapping issue.
[image: ]
Figure 1 Case 1: eNB transmits LTE PRS on the overlapped resource
In Case 1, no impact is on LTE UE measurement. But NB-IoT UE may be impacted since it does not know eNB is transmitting PRS on the overlapped resource.
[image: ]
Figure 2 Case 2: eNB transmits new NPRS on the overlapped resource
In Case 2, there is impact on LTE UE measurement. Even though eNB transmits new NPRS, NB-IoT UEs capable of receiving PRS configuration may also suffer impact, since they do not know whether eNB is transmitting new NPRS on the overlapped resource. Fortunately, there is no impact on those NB-IoT UE not capable of receiving LTE PRS because they only see new NPRS configuration.
[image: ]
Figure 3 Case 3: eNB transmits legacy NPRS on the overlapped resource
In Case 3, network informs NB-IoT UE where the overlapping happens and transmits legacy NPRS on the overlapping part between LTE PRS and new NPRS configurations. Since the legacy NPRS is identical to PRS on that overlapped resource, it does not have any impact on measurement for both LTE UE and NB-IoT UE.
The consequence of above 3 scenarios for UE measurement impact is summarized in the Table 1.
Table 1  Summary of impact on the UE measurement for OTDOA
	Impact on measurement
	Case 1
	Case 2
	Case 3

	LTE UE
	No impact
	Yes
	No impact

	NB-IoT UE - capable of receiving LTE PRS configuration
	Yes
	Yes
	No impact

	NB-IoT UE – not capable of receiving LTE PRS configuration
	Yes
	No impact
	No impact



Observation 3: The only reason for the agreement that  new NPRS can operate in a backward compatible manner with the legacy NPRS by configuration for in-band case is to solve the problem in case overlapped resource elements configured with both new NPRS and LTE PRS.
For in-band case, if the NB-IoT UE does not expect overlapping resource for new NPRS and LTE PRS, there is no need for the new NPRS to have backward compatible operation with legacy NPRS since no problem exists. In other words, the usage of legacy NPRS is for the intention to solve the problem when new NPRS and LTE PRS are configured overlapped for in-band case. No such issue happens in stand-alone and guard band cases, thus no legacy NPRS is defined for stand-alone and guard band cases.
In other words, if overlapping configuration of new NPRS and LTE PRS is not expected there would be no longer any need of the backward compatibility constraint for in-band operation mode. In such a case, legacy NPRS appear to be redundant in the specifications.
Observation 4: If overlapping configurations were not supported, there would be no need  of legacy NPRS in-band (nor guard-band/standalone).
Finally, following the agreement on backward compatibility for in-band case, the remaining thing to clarify is that in case LTE PRS is configured overlapping with new NPRS, the UE expects only legacy NPRS transmission on the overlapped resource elements.
Proposal 1: For in-band case, NB-IoT UE expects legacy NPRS transmission on the overlapped resource elements which are configured with both LTE PRS and new NPRS.
Proposal 2: Adopt the associated draft CR for TS36.211 in R1-1808114 and send LS to inform RAN2/3.
Conclusions
In this contribution, we discuss the detail on handling new and legacy NPRS for in-band operation mode. The observations and proposals are summarized as follows.
Observation 1: For in-band case, legacy NPRS is identical to LTE PRS to allow the network to configure overlapped resource elements for NPRS and LTE PRS.
Observation 2: For in-band case, new NPRS is different to LTE PRS in overlapped resource elements which are configured with both NPRS and LTE PRS. 
Observation 3: The only reason for the agreement that  new NPRS can operate in a backward compatible manner with the legacy NPRS by configuration for in-band case is to solve the problem in case overlapped resource elements configured with both new NPRS and LTE PRS.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 4: If overlapping configurations were not supported, there would be no need  of legacy NPRS in-band (nor guard-band/standalone).
Proposal 1: For in-band case, NB-IoT UE expects legacy NPRS transmission on the overlapped resource elements which are configured with both LTE PRS and new NPRS.
Proposal 2: Adopt the associated draft CR for TS36.211 in R1-1808114 and send LS to inform RAN2/3.
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