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1. Introduction
In RAN#72 a new work item (WI) named enhancements of NB-IoT  [1] was introduced. The objectives of the WI include the support of positioning, multicast, non-anchor PRB enhancements, mobility and new power classes.

Several details including the PRS pattern, configuration and scrambling were agreed in RAN1#87. In this document we provide our views on the remaining aspects for support of positioning for NB-IoT UEs.

2. NPRS Pattern
In RAN1#87 the following agreement was reached for the PRS pattern for inband scenario

For inband scenario
· If NPRS subframe configuration is part A or Part A + Part B, legacy LTE PRS pattern in one PRB is adopted
· The NPRS location in slot is generated by the formula below

where   is the slot number within a radio frame;    is the OFDM symbol number within slot    ;  is the subcarrier index within LTE bandwidth which is used for NB-IoT NPRS transmission;   is the PRB index within LTE bandwidth which is used as NB-IoT NPRS PRB;          is the cell-specific frequency shift generated by     ,where   equals  unless configured by higher layers.
· Note:  It is assumed  , , , and PBCH antenna ports number will be signaled by higher layers.
· If NPRS subframe configuration is part B only, NPRS is punctured in OFDM symbols 5 and 6 in each slot

The PRS pattern for inband scenario configured with part B only has only 4 PRS symbols per subframe. Such a pattern is very unlikely to be used in any practical deployments due to the high overhead. Hence to avoid specification efforts as well as significant implementation and testing effort related to this pattern, we propose that this pattern be removed from the specification.

Proposal 1: Support for inband PRS pattern with part B only config, i.e., PRS Pattern with both NRS and CRS symbols punctured, should be removed. 

3. Scheduling of NPRS subframes
In RAN1#86bis the following agreement was reached:

· The subframes which contain NPRS are configured by higher-layers 
· Per NB-IoT carrier, it is possible to configure the subframes used NPRS transmission such that NPRS do not occur in subframes containing transmissions to Rel-13 UEs in the cell of: 
· NPDCCH 
· NPDSCH 
· NPBCH 
· NPSS/NSSS 
· Configuration of time resources for NPRS 
· Indication of exact subframes is by 
· Part A: A bitmap on subframes which are not NB-IoT DL subframes (i.e. invalid DL subframes) 
· Alt. 4.A1: Bitmap is a fixed length of 10 bits 
· Alt. 4.A2: Bitmap is a the same length as valid subframe configuration, i.e. 10 bits or 40 bits 
· Alt. 4.A3: Bitmap is a fixed length of x bits (e.g., x = 20) 
· FFS which until RAN1#87 
· Part B: Indicated with one start subframe, one periodicity, and one number of repetitions for the occasions
· On an anchor carrier, Part A and/or Part B 
· On a non-anchor carrier, Part A and/or Part B 
· Indication of NPRS muting patterns is 
· Indicated with a periodic NPRS muting sequence 
· Details are FFS

In RAN#87 the following further details of the configuration were also agreed
· NPRS is configured per NB-IoT carrier transmitting NPRS
· Each NB-IoT carrier can have different configuration parameter
· Part A:A bitmap for NPRS subframe indication in one NPRS occasion
· bitmap length is the same as valid subframe configuration, i.e. 10 bits or 40 bits
· Subframes not containing NPRS are indicated with ‘0’
· Subframes containing NPRS are indicated with ‘1’
· For Part-B NB-IoT specific assistance information:
· Number of subframes of NPRS in one occasion is NPRS {10, 20, 40, 80, 160, 320, 640, 1280} 
· Periodicity of NPRS occasion TPRS: 160ms, 320ms, 640ms, 1280ms.
· Valid configurations are those satisfying NPRS <= TPRS
· For a given periodicity of NPRS occasion, the starting subframe offset of NPRS occasion = , 

When using Part A bitmap to configure the PRS, it is possible for the network to set the NPSS, NSSS, NPBCH, and SIB1 subframes to 0 in the bitmap. Hence, it is best to have UE assume that all subframes that are configured to have PRS as per the bitmap do contain PRS and leave it to the network to configure the bitmap correctly. This also lets the network to use part A to configure PRS pattern on non-anchor carrier efficiently as non-anchor carrier may not have NPSS, NSSS, NPBCH, and SIB1. When using part B only to configure PRS, to align with the agreements that NPRS does not collide with NPSS, NSSS, NPBCH, and SIB1, we propose the UE skips the NPSS, NSSS, NPBCH, and SIB1 subframes while processing PRS.

Proposal 2: When NPRS is configured using part B only, UE should skip the NPSS, NSSS, NPBCH, and SIB1 subframes when processing the NPRS subframes. When NPRS is configured using part A only or  part A + part B, all subframes configured as NPRS subframes in the bitmap in part A can be treated as NPRS subframes by the UE.

4. TxD support
Some of the main use cases for NB-IoT involve stationary users at very low SNRs. In these cases, coherently combining the NPRS across multiple subframes would provide a significant performance gain and deeper coverage to NPRS. Positioning accuracy can also be improved by eNBs using transmit diversity. A simple approach to extract the transmit diversity gain is to use different beam-pattern across different subframes and repetitions, in effect sweeping across the precoding choices. To facilitate coherent combining at the UE while using TxD, the subframes where the same precoding would be used should be clearly specified. The UE should know which subframes have the same beams so UE can extract both the coherent combing gain by using coherent combining across subframes using the same beam and the TxD gains by, for example, non-coherently combining across subframes with different beams. We hence propose that we define a new parameter called PRS beam occasion. The same beam is used within a PRS beam occasion but network could choose different beams across different PRS beam occasions. Note that LTE PRS already supports such TxD schemes by specifying that the UE can only assume same channel for PRS that lie within one PRS occasion.
Proposal 3: The same precoder is used for all PRS in one PRS beam occasion but across different PRS beam occasions the precoder could be different. 
· The PRS beam occasion could be signaled as a new parameter. Alternately, it can be set to be equal to the PRS occasion. 
· One PRS occasion refers to length of bitmap for part A or part A+ part B and the num subframe parameter for part B only.
5. Summary

The proposals and observations made in this contribution are summarized below.

Proposal 1: Support for inband PRS pattern with part B only config, i.e., PRS Pattern with both NRS and CRS symbols punctured, should be removed. 

Proposal 2: When NPRS is configured using part B only, UE should skip the NPSS, NSSS, NPBCH, and SIB1 subframes when processing the NPRS subframes. When NPRS is configured using part A only or  part A + part B, all subframes configured as NPRS subframes in the bitmap in part A can be treated as NPRS subframes by the UE.
Proposal 3: The same precoder is used for all PRS in one PRS beam occasion but across different PRS beam occasions the precoder could be different. 
· The PRS beam occasion could be signaled as a new parameter. Alternately, it can be set to be equal to the PRS occasion. 
· One PRS occasion refers to length of bitmap for part A or part A+ part B and the num subframe parameter for part B only.
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