3GPP TSG RAN WG1 Meeting #87
                      R1-1613035
Reno, USA, 14th – 18th November 2016
Agenda Item:
6.2.9.1.1
Source: 
LG Electronics

Title: 
Design of NPRS for eNB-IoT
Document for:
Discussion and decision
1. Introduction

In RAN #73 meeting, the following was approved for positioning support in NB-IoT [1], where it was agreed to support OTDOA for NB-IoT. 

	· OTDOA is supported

· Baseline signal(s) are: NB-IoT Rel-13 signals, LTE CRS/PRS in 1 PRB

· To use a new signal other than above, RAN1 should find substantial performance/UE complexity benefit over using a signal in the above list, without significant UE complexity or power consumption impact

· UTDOA positioning is supported under the following conditions:

· It uses an existing NB-IoT transmission

· It can be used by Rel-13 UEs

· Any signal used for positioning needs to have its accuracy, complexity, UE power consumption performance confirmed in RAN1

· Final approval of RAN3, RAN4 CRs relating to a particular method (OTDOA/UTDOA) are conditional on this RAN1 verification


Also, in RAN1 #86bis meeting, following working assumption was made for OTDOA progress.

	Working assumptions:

· NB-IoT positioning reference signal resource pattern in one subframe is at least LTE PRS in 1 PRB 

· FFS: With additional REs in guard-band and standalone operation modes

· FFS: Increased density per cell according to coverage

· NB-IoT PRS do not occur in a subframe containing

· NPDCCH

· NPDSCH

· NPBCH

· NPSS/NSSS


According to the decision and working assumption, we discuss and suggest design of positioning reference signals for OTDOA measurement in the enhancement of NB-IoT in this contribution.
2. Discussion
As for detailed design of sequence generation and RE mapping of NPRS, it is desirable to reuse legacy PRS design for two reasons, that is, (1) easier RAN1 work, and (2) allowing both normal UEs and NB-IoT UEs to use same PRBs for RSTD measurement when legacy PRS and NPRS are overlapped in a same subframe. However, in guard-band mode or stand-alone mode, OFDM symbols not used by legacy PRS can be also used for additional NPRS transmission, which is illustrated in figure 1. To reuse the legacy formula for derivation of NPRS sequence and RE mapping, PRB index and NPRS ID (NB-IoT cell ID or independently configurable ID) for NPRS can be used as input parameters. 
Proposal 1: Sequence generation and RE mapping for NPRS reuse legacy PRS formula based on the PRB index and NPRS ID (NB-IoT cell ID or independently configurable ID) for NPRS.
Proposal 2: In guard-band mode or stand-alone mode, OFDM symbols not used by legacy PRS in a NPRS PRB can be also used for additional NPRS transmission.
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Figure 1. NB-PRS design example
To guarantee the NPRS performance, NPRS should not coexistence with NRS in a same subframe. If a collision occurs between NPRS and NRS in a subframe, some NPRS symbols or REs where NRS are transmitted should be punctured for NRS. In this case, puncturing NPRS may degrade the positioning accuracy. In order to avoid the collision between NPRS and NRS, NPRS subframe configuration should be designed with consideration of NRS pattern. 
Proposal 3: NPRS subframe should avoid collision with subframe where NRS is transmitted. 
3. Conclusion
In this contribution, we discussed and suggested design of positioning reference signals for OTDOA measurement in NB-IoT. Proposals of this contribution are as follows:
Proposal 1: Sequence generation and RE mapping for NPRS reuse legacy PRS formula based on the PRB index and NB-PRS ID (NB-IoT cell ID or independently configurable ID) for NPRS.

Proposal 2: In guard-band mode or stand-alone mode, OFDM symbols not used by legacy PRS in a NPRS PRB can be also used for additional NPRS transmission.

Proposal 3: NPRS subframe should avoid collision with subframe where NRS is transmitted.
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