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1. Introduction

In last RAN1 #92 an LS was approved in [1] to RAN4 on Narrowband measurement accuracy improvements, with action to RAN4:

“RAN1 respectfully requests RAN4 to confirm the feasibility of using NPBCH for RRM measurements, and whether NPBCH can be combined with NRS for RRM measurements”
In this contribution, we provide our view on the feasibility of NPBCH for RRM measurement. After discussion some conclusions are made.
2. Discussion
For information, here we duplicate the content of the LS:
	Agreement
· The combination of NRS with NSSS for RRM measurement accuracy improvement is not considered further in RAN1.

· NPDCCH, NPDSCH are not considered as candidates in addition to NSSS, nor in combination with NSSS, to improve the measurement accuracy for serving cell and neighboring cells.

· Working assumption: It is feasible from RAN1 point of view to use NPBCH in addition to NRS for RRM measurement, to be confirmed by RAN4

· In setting new RAN4 requirements (if any), RAN4 does not assume UE regenerates NPBCH and this is up to UE implementation
· Ask RAN4 feedback on the combination of NPBCH with NRS

· FFS changes to the NRSSI definitions based on RAN1/4 agreements. 


The first two bullets are very clear and for information. RAN4 will not need to consider NPDCCH, NPDSCH and the combination of NRS and NSSS for RRM measurement, at least in Release 15.
As for NPBCH, the working assumption in RAN1 is that it is feasible from RAN1 point of view to do RRM measurement with NPBCH in addition to NRS, to be confirmed by RAN4. One thing needs to be highlighted is the first sub-bullet in the working assumption:
· In setting new RAN4 requirements (if any), RAN4 does not assume UE regenerates NPBCH and this is up to UE implementation
Actually, an NB-IoT may not be able to regenerate NPBCH and then use them for RRM measurement. The reason is the information bits in NPBCH are tail biting convolutionally encoded, while in uplink shared channel turbo code is used, which means tail biting convolutional encoder is not needed for a regular NB-IoT UE. Therefore, even for serving cell, where UE can have full knowledge of NPBCH, UE may not be able to regenerate NPBCH and use it for RRM measurement.
As for neighbour cells, according to RAN1 guidance, in RAN4 study RAN4 does not assume UE regenerates NPBCH. Thus as baseline, RAN4 shall assume that UE still doesn’t need to decode NPBCH from neighbour cell only for RRM measurement. To our understanding, if UE doesn’t decode NPBCH then in RAN4 we should assume NPBCH is not feasible for RRM measurement as baseline. Some company mentioned certain undecoded NPBCH for RRM measurement in RAN1 #92, based on the repetition of NPBCH. However, in our understanding it is not a stable solution. First let’s take a look at the NPBCH design:
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Contents in every block are different. Every block is repeated 8 times in 80ms, which means the buffered undecoded block can be used for RRM measurement only within this 80ms window. The most optimistic case is that UE can have 7 measurement shots in every 80ms (UE needs to buffer the first shot and use it for measurement in following NPBCH occasions), while the most pessimistic case is that UE buffers the last transmission of block #n and in next occasion the content is changed (to block #n+1). If UE still use block #n to measurement block #n+1, the measurement result can be extremely poor. Note that UE is required to decode the NPBCH from neighbour cell, which means UE may have no idea about which block is being transmitted and how many repetitions left of the current block.
Observation 1: using NPBCH block to measure neighbour cells may result in poor measurement results since UE may not be aware of the boundary of each NPBCH block (80ms) of neighbour cells.
Secondly, another reason of instability is that under poor side condition the buffered undecoded NPBCH block is most likely “inaccurate”, considering the block is buffered with “single shot” and without CRC. Remember that in R13 when RAN4 evaluated the NPBCH acquisition delay, the simulation results showed that it may take up to 10 seconds to successfully decode the NPBCH. Note that during this 10 seconds each NPBCH period is a Bernoulli try without combination across every 640ms. In 10 seconds we have up to 15~16 NPBCH periods, which means the UE most likely cannot get the first transmission of NPBCH block correctly. Then using this for RRM measurement will probably result in poor measurement results. Besides, this will also bring extra complexity to a NB-IoT UE.
Observation 2: using buffered undecoded NPBCH block for measurement under poor side condition will results in poor performance.

On the other hand, measurement based on NSSS has already been allowed. Compared with NPBCH, NSSS has the same density in each subframe. Although NPBCH appears every frame while NSSS is transmitted only every 20ms, it doesn’t mean that NPBCH can bring extra accuracy improvement. One for reason is for power saving, UE may not need to do the measurement on every occasion. One example is that in NRS accuracy evaluation phase, we only assume UE do the measurement using about 3 subframe out of every 40ms. If measurement is carried on every subframe where NRS is available, the measurement accuracy is expected to be improved. However, the power consumption would be unacceptable, especially for such low power consumption UE.

Therefore, in summary, we suggest from RAN4 perspective we confirm that NPBCH is not suitable for RRM measurement under assumption that UE is not required to regenerate the NPBCH.
Proposal 1: RAN4 confirms that NPBCH is not suitable for RRM measurement under assumption that UE is not required to regenerate the NPBCH.
3. Conclusions
In this contribution we provide our view on feasibility of NPBCH for RRM measurement. After discussion the following conclusions are provided.
Observation 1: using NPBCH block to measure neighbour cells may result in poor measurement results since UE may not be aware of the boundary of each NPBCH block (80ms) of neighbour cells.
Observation 2: using buffered undecoded NPBCH block for measurement under poor side condition will results in poor performance.
Proposal 1: RAN4 confirms that NPBCH is not suitable for RRM measurement under assumption that UE is not required to regenerate the NPBCH.
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