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1. Introduction

In RAN #73 meeting, it was agreed to support OTDOA positioning in Rel-14 NB-IOT [1]. According to the agreement, RAN1 is working on specification of RSTD measurement based on NPRS to support OTDOA operation in Rel-14 NB-IoT. In this contribution, we discuss remaining open issues and suggest further details of operation related to NPRS to finalize introduction of OTDOA positioning in Rel-14 NB-IoT.
2. Remaining issues on OTDOA with NPRS
2.1. Collision handling between NPRS and other NB-IoT channels
As regards the coexistence of NPRS and other physical channels for NB-IoT, the following was agreed so far in previous RAN1 meetings.
	RAN1#86bis
· NB-IoT PRS do not occur in a subframe containing
· NPDCCH
· NPDSCH
· NPBCH
· NPSS/NSSS
RAN1#87
· UE is not required to receive NPSS/NSSS, NPBCH, NPDCCH, NPDSCH, nor transmit, during RSTD measurements


Although the agreements above intend to avoid collision between NPRS and other NB-IoT physical channels in a subframe, it is still unclear whether the network should avoid the collision by appropriate configuration of NPRS subframe or the UE should assume NPRS is not transmitted in a configured NPRS subframe depending on some condition related to the collision.
Regarding to NPRS and NPBCH/NPSS/NSSS, it seems straight forward to make UE assume NPRS is not transmitted in a subframe where NPBCH/NPSS/NSSS is transmitted rather than restricting NPRS subframe configuration since the subframes for NPBCH/NPSS/NSSS are fixed and known to both network and UE.
Proposal 1: Even if a subframe is configured for NPRS transmission, NPRS is not transmitted in the subframe if the subframe is designated to carry NPBCH/NPSS/NSSS.

Regarding to NPRS and NPDCCH/NPDSCH/NRS, it may cause too much restriction in NPRS transmission if network should avoid collision between NPRS subframe and DL valid subframe by appropriate subframe configuration. Instead, we suggest allowing overlapped configuration of NPRS subframe and DL valid subframe and defining appropriate UE behaviours for the case of potential collision.
Proposal 2: NPRS subframe configuration is independent of DL valid subframe configuration, where a NPRS subframe and a DL valid subframe can be overlapped.

In RAN1#87, the following was agreed.

	RAN1#87
· If NPRS subframe configuration is part B only, NPRS is punctured in OFDM symbols 5 and 6 in each slot


The agreement above may intend even if NPRS subframe overlaps with DL valid subframe, NPRS can still coexist with NRS by puncturing NPRS in last two symbols in each slot. However, eNB cannot transmit NPDCCH/NPDSCH in a configured NPRS subframe since NPRS occupies too many REs in that subframe. Therefore, we suggest the following.
Proposal 3: When NPRS subframe is configured by Part B only:

· Even if a subframe is configured as a DL valid subframe, UE is not required to receive NPDCCH/NPDSCH in the subframe if the subframe is configured for NPRS transmission
· In this case, scheduled NPDCCH/NPDSCH transmission is postponed to the next valid DL subframe

On the other hand, for the case of NPRS configuration with Part A only or Part A + Part B, NPRS cannot coexist with NRS since it collides with NRS in the last two symbols in a slot. Two options can be considered in this case:

· Option 1) DL valid subframe overrides NPRS: UE should not expect NPRS in DL valid SFs
· Option 2) NPRS subframe overrides DL valid subframe: UE should not expect NRS in subframes configured for NPRS transmission. Accordingly, UE is not required to receive NPDCCH/NPDSCH in subframes configured for NPRS transmission. 
Option 2 above has a backward compatibility issue since Rel-13 NB-IoT UEs cannot identify NPRS subframes. Therefore, option 1 seems to be more appropriate solution.
Proposal 4: When NPRS subframe is configured by Part A only or Part A+Part B:

· Even if a subframe is configured for NPRS transmission, NPRS is not transmitted in the subframe if the subframe is configured as a DL valid subframe.
2.2. RSTD measurement by multiple carriers
Since NPRS is transmitted via single PRB, it is very beneficial to enable RSTD measurement using multiple NB-IoT carriers from a same transmission point [2]. On the other hand, introducing a specific frequency hopping operation/pattern for RSTD measurement from multiple carriers may not be desirable considering flexibility of NPRS configuration and remaining standard work load. Therefore, for the utilization of multiple carriers in RSTD measurement enhancement, it may be sufficient to inform an NB-IoT UE of the NPRS configuration of multiple carriers and possible collocation of theme, while NPRS of those carriers are configured independently. 
Proposal 5: When a UE is informed of NPRS configuration of multiple carriers, information on the possible collocation of NPRS from different carriers can be also included. It is up to RAN2 how to indicate this information.
If network informs an NB-IoT UE of the NPRS configuration of multiple carriers (regardless whether they are collocated or not), the UE needs to be able to switch its reception frequency for RSTD measurement between different carriers. Even though it is up to UE decision at which timing it should switch its carrier for RSTD measurement, it should be a general way to define measurement gap for carrier frequency switching for each NPRS occasion as depicted in figure 1. Depending on the assumption on the required minimum frequency switching time, the measurement gap may have to be extended larger than actual duration of NPRS occasion.
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Figure 1.  RSTD measurement gap for multi-carrier RSTD measurement.

Proposal 6: When a UE is configured with NPRS on multiple carriers for RSTD measurement, RSTD measurement gap is defined for each NPRS occasion over multiple carriers, where the RSTD measurement gap includes carrier switching time to support RSTD measurement on multiple carriers and the UE does not need to receive/transmit other NB-IoT physical channels than NPRS during the RSTD measurement gap.
2.3. Use of legacy LTE PRS
In RAN1# 87, the following was agreed.
	RAN1#87
· An NB-IoT UE can receive assistance information regarding LTE PRS.


When an NB-IoT UE receives assistance information regarding LTE PRS, the following potential use cases can be considered:

1. cancellation of indicated LTE PRS

2. RSTD measurement based on the indicated LTE PRS
3. skipping NB-IoT transmission in the indicated LTE PRS subframes for the same serving cell
Among those potential use cases, use case 1 may be an UE implementation and may not guarantee actual enhancements unless RAN4 defines performance requirements based on the LTE PRS cancellation. Between use case 2 and use case 3, use case 2 seems more beneficial since network can make NB-IoT UE reuse LTE PRS already configured for non-NB-IoT UEs. To enable this operation, an information on possible collocation between indicated LTE PRS and NPRS will be necessary.
Proposal 7: When an NB-IoT UE receives information regarding LTE PRS, information on the possible collocation between the LTE PRS and NPRS can be also included. It is up to RAN2 how to indicate this information.
3. Conclusion
In this contribution, we discussed remaining open issues and suggest further details of operation related to NPRS to finalize introduction of OTDOA positioning in Rel-14 NB-IoT. The proposals in this contribution are summarized as follows.
Proposal 1: Even if a subframe is configured for NPRS transmission, NPRS is not transmitted in the subframe if the subframe is designated to carry NPBCH/NPSS/NSSS.

Proposal 2: NPRS subframe configuration is independent of DL valid subframe configuration, where a NPRS subframe and a DL valid subframe can be overlapped.

Proposal 3: When NPRS subframe is configured by Part B only:

· Even if a subframe is configured as a DL valid subframe, UE is not required to receive NPDCCH/NPDSCH in the subframe if the subframe is configured for NPRS transmission
· In this case, scheduled NPDCCH/NPDSCH transmission is postponed to the next valid DL subframe

Proposal 4: When NPRS subframe is configured by Part A only or Part A+Part B:

· Even if a subframe is configured for NPRS transmission, NPRS is not transmitted in the subframe if the subframe is configured as a DL valid subframe.

Proposal 5: When a UE is informed of NPRS configuration of multiple carriers, information on the possible collocation of NPRS from different carriers can be also included. It is up to RAN2 how to indicate this information.

Proposal 6: When a UE is configured with NPRS on multiple carriers for RSTD measurement, RSTD measurement gap is defined for each NPRS occasion over multiple carriers, where the RSTD measurement gap includes carrier switching time to support RSTD measurement on multiple carriers and the UE does not need to receive/transmit other NB-IoT physical channels than NPRS during the RSTD measurement gap.

Proposal 7: When an NB-IoT UE receives information regarding LTE PRS, information on the possible collocation between the LTE PRS and NPRS can be also included. It is up to RAN2 how to indicate this information.
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