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1 Introduction
In RAN1#86bis, the following agreements about the resource configuration of NPRS were made [1],

Agreement:

· Configuration of time resources for NPRS

· Indication of exact subframes is by

· Alt. 4:


· 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

Agreement:

· Indication of NPRS muting patterns is

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

· Details are FFS

In this contribution, remaining details about the resource configuration of NPRS will be discussed.
2 NPRS subframe configuration
According to the agreements, the indication of NPRS subframes consists of two parts, by which discontinuous and continuous subframe allocations can be realized respectively.
There are three candidates to be considered for the indication of part A, among which the main difference is the length of the bitmap. The differences in the lengths are principally related to how much flexibility is considered to be needed in-band to arrange NPRS subframes around invalid DL subframes and MBSFN subframes. For guard-band and standalone mode, there is no significant concern to use 10-bit bitmap. For in-band mode, as a 40-bit bitmap can be used by the valid subframe configuration, candidates of 20-bit or 40-bit bitmap are proposed additionally. It might appear that if more bits are used, more scheduling flexibility of NPRS transmission can be obtained.. However, the scheduling flexibility provided by the 40-bit bitmap can also be realized by the combination of a smaller 10-bit bitmap and a specific muting pattern, as illustrated by the example in Figure 1. So, a 10-bit bitmap seems sufficient for the indication of part A, helping to minimize the signaling overhead.
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Figure 1. 40-bit bitmap vs. {10-bit bitmap + muting pattern}.
Some irregular subframe configurations which could be supported by a 40-bit bitmap cannot be realized by the combination of 10-bit bitmap and muting pattern. But compared with a regular subframe configuration, an irregular one will require a sliding correlation to be performed in a longer time window, which will cause more processing complexity at UE side. An example of an irregular subframe configuration is shown in Figure 2, where subframes #2, 7 in even radio frames and subframes #5, 6 in odd radio frames are allocated for NPRS. For this case, the receiver has to use a time window of 20ms instead of 10ms.
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Figure 2. An example of irregular subframe configuration for NPRS

Therefore, it is preferred to use a fixed-length 10-bit bitmap as the indication of part A.
Proposal 1: For the indication of part A, a bitmap with a fixed length of 10 bits is used.

The indication of part B aims to allocate continuous subframes for NPRS transmission. Based on the continuous NPRS subframes, the maximum gain of coherent combination can be obtained, which can help reduce the processing time at UE side.
LTE PRS occasions have periodicities of 160, 320, 640, or 1280 ms. In order to achieve good compatibility between NPRS and LTE PRS in in-band mode, all of the LTE periodicities need to be supported by the indication of part B.

Since up to 10 continuous subframes allocation can be realized by the indication of part A, it is better to make the minimum number of repetitions supported by the indication of part B more than 10. Therefore, in the case of 160ms periodicity of NPRS occasion, four values of 20, 40, 80, 160 repetitions can be considered, which results in a large range of NPRS transmission resource proportion, from 12.5% to 100%. For the other periodicities of NPRS occasion, the number of repetitions listed in Table 1 can be considered to realize the same range of NPRS transmission resource proportions as in the case of 160ms periodicity.
Table 1.
Candidate numbers of repetitions for different periodicities of NPRS occasion

	Periodicity of NPRS occasion
	Candidate numbers of repetitions

	160ms
	20, 40, 80, 160

	320ms
	40, 80, 160, 320

	640ms
	80, 160, 320, 640

	1280ms
	160, 320, 640, 1280


The starting subframe offset is used to adjust the location of NPRS occasion, so that the NPRS occasions of different cells can be transmitted without overlapping in time domain. For different periodicities, as the minimum numbers of repetitions are different, the starting subframe offset can also be defined separately in order to minimize the signaling overhead. For a given periodicity of NPRS occasion T,
Starting subframe offset of NPRS occasion = 
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In this way, the interval between adjacent starting offsets is equal to the minimum number of repetitions for the given periodicity, so that NPRS occasions of two cells can be allocated without collision in time domain.
In the NPRS occasion indicated by part B, subframes containing NPSS/NSSS/NPBCH/SIB1-NB may exist. For this case, these subframes can be dropped for NPRS transmission at NB-IoT UE.

Proposal 2: For the parameters in the indication of part B, following values are supported.
· Periodicity of NPRS occasion T: 160ms, 320ms, 640ms, 1280ms.
· Number of repetitions of NPRS in one occasion:
· {20, 40, 80, 160} for 160ms periodicity;

· {40, 80, 160, 320} for 320ms periodicity;

· {80, 160, 320, 640} for 640ms periodicity;

· {160, 320, 640, 1280} for 1280ms periodicity.
· For a given periodicity of NPRS occasion, the starting subframe offset of NPRS occasion = 
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Proposal 3: In an NPRS occasion of one NB-IoT carrier indicated by part B, UE discards NPRS in subframes which collide with NPSS/NSSS/NPBCH/SIB1-NB.

3 NPRS muting pattern configuration
A muting pattern can be indicated together with the NPRS subframe configuration, so that some specific occasions in a long period can be muted. There are two kinds of indications for NPRS subframe configuration. NPRS muting pattern needs to be discussed for each one respectively.

If the indication of part A is used for NPRS subframe configuration, i.e. 10-bit bitmap as discussed above, the allocated NPRS subframes in one radio frame form an NPRS occasion. The indication of part A aims to provide NPRS transmission with short periodicity. A muting pattern consisting of small number of bits, e.g. 2 or 4, can turn on/off specific NPRS subframes frequently without significantly increase the latency of positioning. However, if only muting patterns consisting of small number of bits are supported, there will be a compatibility problem with LTE PRS, which is shown in Figure 3. In Figure 3, LTE PRS transmission with a periodicity of 160ms is configured. Subframes whose index is same with LTE PRS subframe are allocated to NPRS, so that it is possible to use LTE PRS for DL positioning. If no muting is performed for LTE PRS, NPRS muting can be realized well by 4-bit or 16-bit muting sequences according to the network coordination. Otherwise, it should be considered to avoid using the muted LTE PRS subframe by proper muting pattern configuration. If 4-bit muting sequence is used, [1,1,1,0] can be configured. But it means one per 4 subframes is unused, which will cause 25% resource loss, even though it was only necessary to mute 1 per 16 subframes. If 16-bit muting sequence is used, one per 16 subframes is unused, which will cause only 6% resource loss. Of course, if more bits are used for the muting pattern, the resource loss can be reduced further, but the further improvement is very small. Therefore, if the indication of part A is used for NPRS subframe configuration, 4 periodic NPRS muting sequences with 2, 4, 8, and 16 bits are supported for the muting pattern.
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Figure 3. Illustration of compatibility problem with LTE PRS for 4-bit and 16-bit muting sequences
If the indication of part B is used for NPRS subframe configuration, continuous NPRS subframes in each period form an NPRS occasion. Also in order to maintain good compatibility between NPRS and LTE PRS, which has been considered in the design of periodicities for the indication of part B, it is straightforward for NPRS to support the muting patterns of LTE PRS, i.e. 2, 4, 8 or 16-bit muting sequence.
According to the above analysis, actions from the muting pattern are different and independent for the indications of part A and part B. Therefore, when part A and part B are both configured, two muting patterns can be indicated for either of them separately.

Proposal 4: Four periodic bit sequences with length of 2, 4, 8, and 16 bits are defined to indicate the NPRS muting pattern. UE-specific RRC signaling configures:
· If only part A is used, one muting pattern where each bit in the muting pattern corresponds to one radio frame.

· If only part B is used, one muting pattern where each bit in the muting pattern corresponds to one NPRS occasion.
· If part A and part B are both used, two muting patterns with one corresponding to each part separately.
4 Conclusions
In this contribution, we discuss about the remaining details about the NPRS configuration. Based on the analysis, we propose the following:
Proposal 1: For the indication of part A, a bitmap with a fixed length of 10 bits is supported.

Proposal 2: For the parameters in the indication of part B, following values are supported.

· Periodicity of NPRS occasion T: 160ms, 320ms, 640ms, 1280ms.

· Number of repetitions of NPRS in one occasion:

· {20, 40, 80, 160} for 160ms periodicity;

· {40, 80, 160, 320} for 320ms periodicity;

· {80, 160, 320, 640} for 640ms periodicity;

· {160, 320, 640, 1280} for 1280ms periodicity.

· For a given periodicity of NPRS occasion, the starting subframe offset of NPRS occasion =  
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Proposal 3: In an NPRS occasion of one NB-IoT carrier indicated by part B, UE discards NPRS in subframes which collide with NPSS/NSSS/NPBCH/SIB1-NB.

Proposal 4: Four periodic bit sequences with length of 2, 4, 8, and 16 bits are defined to indicate the NPRS muting pattern. UE-specific RRC signaling configures:
· If only part A is used, one muting pattern where each bit in the muting pattern corresponds to one radio frame.

· If only part B is used, one muting pattern where each bit in the muting pattern corresponds to one NPRS occasion.
· If part A and part B are both used, two muting patterns with one corresponding to each part separately.
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