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1 Introduction
In RAN #73 meeting, a revised WI proposal on enhancement of NB-IoT  was agreed [1]. One objection of this revised WI is to support of OTDOA positioning for NB-IoT.

· 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

In RAN1 86bis, the following conclusion was reached:
Agreement:

· Introduce a new positioning reference signal for OTDOA in NB-IoT

· Not based on existing Rel-13 NB-IoT signal and not based on LTE CRS.
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
Agreement:

· 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
Agreement:

· Indication of NPRS muting patterns is

· Alt. 2: Indicated with a periodic NPRS muting sequence

· Details are FFS

In this contribution, we discuss the remaining issues to support OTDOA positioning for NB-IoT.
2 Discussions
2.1 NPRS subframe configuration

Two configuration methods have been proposed. The following is agreed in RAN1 86bis

· 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

To achieve the same UE behavior we propose to adopt the same configuration for both anchor PRB and non-anchor PRB. Use the reference above, the configuration can be comprised of both part A and part B. Part B can be used to configured NPRS periodicity and offset, while part A can be used to indicate the actual NPRS subframe. 
For the length of the bitmap in part A, since subframe 0, subframe 4, subframe 5 and subframe 9 in even frame will be used for MIB, SIB , NPSS and NSSS , there will be 3 or 4 unusable NPRS subframe, considering other configured valid DL subframe, the available NPRS subframe will be even less. Therefore , it is proposed to adopt 40bits bitmap. 
Since Rel-14 NB-IoT OTDOA need to support UE of various CE level , more NPRS subframes need to be configured compared with legacy LTE positioning. In order to avoid interfering with other channel it is proposed to configure NPRS subframe only in invalid subframe.
Proposal 1: Rel-14 NB-IoT OTDOA NPRS subframes should be configured in NB-IoT invalid subframe;
One example of NPRS subframe configuration parameters is shown in Table 1.
Table 1: NPRS subframe configuration parameters
	NPRS periodicity 
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	Granularity is 40 subframes

	Bitmap length
	40 subframes

	NPRS subframe number
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For NPRS periodicity 
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, similar joint coding method can be used as in legacy LTE, e.g, NPRS configuration index 
[image: image7.wmf]NPRS

I

 can be used to indicate NPRS periodicity 
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,  as shown in Table 2 below.
Table 2: NPRS subframe configuration for 
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	NPRS subframe offset 
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The NPRS will occupy 
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  FFS. As shown in figure 1, the starting subframe is based on 
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, then the total length of NPRS subframe can be calculated from 
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. The actual NPRS subframe will be decided based on the bitmap.
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Figure 1: An example of NPRS subframe allocation 
Proposal 2：The same NPRS subframe configuration scheme should be used for both anchor PRB and non-anchor PRB.

· NPRS periodicity 
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 should  be included in the NPRS subframe  configuration.
· 
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are indicated by NPRS configuration Index 
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· A bitmap for NPRS subframes should  be included in the NPRS subframe  configuration.
· bitmap length is 40
· The NPRS subframes can occupy 
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2.2 NPRS PRB configuration

Both single PRB configuration and multi-PRBs configuration can be supported with NPRS. If both anchor PRB and non-anchor PRB are configured in the cell, the NPRS could be configured on either anchor PRB or non-anchor PRB.
· Single  PRB
In this case the PRB index of the NPRS subframe need to configured.
· Multi-PRBs
In this case NPRS PRB hopping can be supported. The total subframe number corresponding to the bitmap length can be used as hopping granularity , and a hopping sequence can be used to indicate the hopping pattern. The hopping sequence can be pre-configured , or pre-determined. For example, the PRB index within the configured multi-PRBs 
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 is the available PRB number. Figure 2 below gives the example of allocation with 
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Figure 2: An example of NPRS subframe configuration in multi-PRBs
Proposal 3:  NPRS hopping is supported based on PRB hopping

· Hopping granularity is  the length of bitmap

· Hopping is between configured PRB in the PRB set

· Hopping pattern is pre-defined or pre-configured
The proposed NPRS subframe configuration (single PRB or multi-PRBs) is within one NPRS period therefore the legacy muting mechanism will not be affected. Considering legacy LTE PRS muting is based on periodic NPRS muting sequence, it can be reused in Rel-14.
Proposal 4:  For Rel-14 NB-IoT, legacy LTE muting configuration can be reused.
2.3 NPRS pattern in one subframe
· Inband scenario
The candidate NPRS subframe can be LTE normal DL subframe, or MBSFN subframe. As extended CP is not supported in NB-IoT, for NB-IoT UE supporting positioning will by default treat it as LTE normal DL subframe with normal CP. As shown in figure 3, it is proposed that PRS pattern used in legacy LTE normal CP is adopted for NPRS.
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Figure 3: Mapping of NPRS (normal cyclic prefix) for inband scenario
 When mapping the reference signal 
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, adjustment need to be taken considering the narrowband characteristic of NB-IoT. Specifically, the reference signal sequence shall be mapped to complex-valued modulation symbols used as reference signal for antenna port p in slot  
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Where (for normal CP)

[image: image45.wmf](

)

(

)

(

)

(

)

PRB

s

s

s

shift

PRB

2

1

,

0

ports

antenna

PBCH

4

and

1

2

mod

if

6

,

5

,

3

,

2

ports

antenna

PBCH

2

or

1

and

1

2

mod

if

6

,

5

,

3

,

2

,

1

0

2

mod

if

6

,

5

,

3

6

mod

6

2

6

n

m

m

m

n

n

n

l

v

l

n

m

k

×

+

=

¢

=

ï

î

ï

í

ì

=

=

=

=

+

-

+

×

+

=


where 
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 is the slot number within a radio frame, 
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 is the OFDM symbol number within the slot
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is the PRB index which is used as NB-IoT NPRS PRB;
· Guardband and standalone scenario 
For guardband and standalone scenarios, an enhanced NPRS pattern based on inband scenario is shown in Figure 4.
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Figure 4: Mapping of NPRS (normal cyclic prefix) for guardband and standalone scenario
The mapping function need to be adjusted as:
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Proposal 5:  PRS pattern for legacy LTE normal CP case  is adopted for  Rel-14 NB-IoT NPRS in inband scenario, enhanced PRS pattern based on legacy LTE pattern is adopted for NPRS in guardband and standalone scenario.
2.4 Measurement of  LTE PRS
In inband /same PCI scenario, the legacy LTE PRS configuration can be signalled to the NB-IoT UE. With this extra knowledge UE can use LTE PRS if possible to improve measurement accuracy. As shown in figure 5, LTE PRS configuration can be signalled together with the NB-IoT PRS configuration. Considering the power of LTE PRS may not be the same as NB-IoT NPRS, the power offset will needed.
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Figure 5: LTE PRS subframe configuration and NPRS subframe configuration 
Proposal 6:  Legacy LTE PRS configuration can be signaled to the NB-IoT UE to improve RSTD measurement accuracy .
2.5 Retuning issues for multi-PRBs hopping

For narrowband IoT UE, retuning is required when hopping from one narrowband to the other narrowband. In inband scenario, since the first three symbol in the subframe are not used by NB-IoT , the guard period can be the first three symbol. For guardband and standalone scenario, to achieve the same UE behavior as for inband scenario, it is proposed to adopt the same guard period. 
Proposal 7:   Retuning time need to be considered if NPRS multi-PRB hopping is supported
3 Conclusion
Proposal 1: Rel-14 NB-IoT OTDOA NPRS subframes should be configured in NB-IoT invalid subframe;
Proposal 2：The same NPRS subframe configuration scheme should be used for both anchor PRB and non-anchor PRB.

· NPRS periodicity 
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are indicated by NPRS configuration Index 
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· A bitmap for NPRS subframes should  be included in the NPRS subframe  configuration.

· bitmap length is 40
· The NPRS subframes can occupy 
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Proposal 3:  NPRS hopping is supported based on PRB hopping

· Hopping granularity is  the length of bitmap

· Hopping is between configured PRB in the PRB set

· Hopping pattern is pre-defined or pre-configured
Proposal 4:  For Rel-14 NB-IoT, legacy LTE muting configuration can be reused.
Proposal 5:  PRS pattern for legacy LTE normal CP case  is adopted for  Rel-14 NB-IoT NPRS in inband scenario, enhanced PRS pattern based on legacy LTE pattern is adopted for NPRS in guardband and standalone scenario.

Proposal 6:  Legacy LTE PRS configuration can be signaled to the NB-IoT UE to improve RSTD measurement accuracy .
Proposal 7:   Retuning time need to be considered if NPRS multi-PRB hopping is supported
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