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1. Introduction

In RAN #75 a new work item for NB-IoT, i.e. Further NB-IoT enhancement, was approved in [1]. Based on the progress of NB-IoT in Rel-13 and its enhancement in Rel-14, this new work item will further enhance NB-IoT technology. One of the justification is to enable NB-IoT to support the IoT ecosystem as it develops to have a wide range of applications, deployments, and device types, whilst continuing the focus on a very low cost UE with deep coverage support and high connection capacity.
In this contribution, we provide our preliminary consideration on the potential RRM impact of this new work item.

2. Main objective and corresponding RRM impact
In last RAN #76, the WID was updated and approved in [2]. The objectives were mainly split into three parts, which are duplicated here, followed by the analysis on potential RRM impact.
A. Work on the following objectives to commence from RAN#75 (according to TU allocation per WG). For objectives A-1 and A-5, where WGs decide to specify solutions, WGs to provide complete running CRs/draft CRs to RAN#78.
	A-1. Further latency and power consumption reduction

· Power consumption reduction for physical channels

· Study and, if found beneficial, specify for idle mode paging and/or connected mode DRX, physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. [RAN1,  RAN2,  RAN4]

· Study and, if found beneficial, support UL/DL semi-persistent scheduling [RAN2, RAN1, RAN4]

· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure after NPRACH transmission and before the RRC connection setup is completed. [RAN2, RAN1, RAN3] 

· Consider further enhancement of quick release of RRC connection after the last data transmission[RAN2]

· Relaxed monitoring for cell reselection [RAN2, RAN4]

· Enable relaxed UE monitoring for cell (re)selection e.g. by (re)configuration

· Support for physical layer SR [RAN1, RAN2]

· Support for RLC UM in addition to Rel-14 SC-PTM support [RAN2]


RAN4 will be involved in discussion two aspects of A-1, which are:

1) Power consumption reduction for physical channels
A new physical signal/channel is now being discussed in RAN1 with the intension of efficiency and power saving. The basic idea is eg that UE would not be required to decode NPDCCH unless this new physical signal/channel indicates it to do so. This new signal/channel shall be much easier to decoded or detected so that UE can reduce the power for blind NPDCCH decoding in some extent.

Note that this new physical signal/channel will not be used for RRM measurement. Thus we do not see much RRM impact of this new procedure, since it would not change any UE RRM behaviour, like cell reselection, RLM, RRC re-establishment and etc.
Observation 1: no RRM impact can be foreseen for power consumption reduction for physical channels.
2) Relaxed monitoring for cell reselection
In practise, some of the stationary NB-IoT UE actually doesn’t require high and efficient mobility performance. Thus relaxed monitoring for cell reselection can avoid the waste of power on unnecessary RRM measurement. The detailed solution will be discussed in RAN2. And RAN4 will be involved as well if necessary. Cell reselection is one of the critical RRM core requirements. There may be some RRM impact of this feature. 
Observation 2: there may be some RRM impact from relaxed monitoring for cell reselection, depending on the final scheme decided in RAN2.
	A-2. Narrowband measurement accuracy improvements [RAN1, RAN4, RAN2]

· Evaluate and if appropriate specify use of additional existing signals than NRS for RRM measurements, with associated RAN4 core requirements taking into account e.g. UE complexity, power consumption, system capacity.


This part is highly related to RRM. In fact, RAN1 has been discussed this since RAN1 #88bis. In last Hangzhou meeting an LS was sent by RAN1 to RAN4 [3] with the progress for information and the expectation of RAN4 evaluation and input. RAN4 shall be involved as required by RAN1. 
Observation 3: RAN4 needs to be involved in measurement accuracy improvements discussion.
	A-3. NPRACH reliability and range enhancements

· If found necessary, reduce false alarm probability for NPRACH detection due to inter-cell interference on NPRACH [RAN1, RAN2, RAN4]

· If found necessary, introduce at least additional cyclic prefixes for NPRACH to support cell radius of at least 100 km [RAN1, RAN2, RAN4]


Regarding NPRACH requirement in RRM, we only define correct behaviour in random access procedure as can be seen in TS36.133 section 6.6. Therefore, there will not be RRM work for this feature unless new UE behaviour is decided in other groups.
	A-4. NB-IoT small cell support

· Specify necessary support for NB-IoT to be used in microcell, picocell, and femtocell deployments [RAN4, RAN2, RAN1].

· Appropriate eNB classes [RAN4]

· Support for closed subscriber group (CSG) functionality can be considered. [RAN2]


New power class for NB-IoT small cell will be discussed and decided in RF session.
	A-5. Reduced system acquisition time [RAN1 lead, RAN2, RAN4]
· Improved cell search and/or system information (at least MIB-NB) acquisition performance, for all operation modes


Cell search delay is one of the key RRM requirements in cell reselection and RRC re-establishment. The discussion is led by RAN1, where some candidate solutions is now being discussed to reduce this delay. Based on RAN1 progress, RAN4 may also need to carry out evaluation and revisit corresponding requirements.
As for system information acquisition performance, although in RAN4 we don’t define specific value for this requirements, it is also a critical performance metric in some RRM test cases, e.g. cell reselection and RRC re-establishment. RAN4 may also need to revisit it once solution is finally decided in other groups.

Observation 4: RAN4 may need to revisit cell search and SI reading related RRM requirements, depending progress in RAN1 and RAN2.
	A-6. UE differentiation
Determine what, if any, additional UE-specific information is considered beneficial in the UE Information Transfer procedure for NB-IoT [RAN2, RAN3]. SA2 input should be taken into consideration.


This part is RRM unrelated.
B. Work on the following objective to commence from RAN#76. This is not affected by the work to complete running CRs/draft CRs for A-1 and A-5.

Support for TDD [RAN1, RAN2, RAN4]
	Specify TDD support for in-band, guard-band, and standalone operation modes of NB-IoT. The design shall assume no UL compensation gaps are needed by UE, and strive towards a common design among the deployment modes. 

· Relaxations of MCL and/or latency and/or capacity targets to be considered by RAN1.

· Baseline is to support the same features as Rel-13 NB-IoT, additionally considering small-cells scenarios


According to this, it is straightforward that RRM requirements for TDD NB-IoT shall be specified. Thus RAN4 should first study whether current RRM requirements are also suitable/applicable for TDD operation. And then if delta requirements are identified necessary, it should be discussed and introduced specifically.
Observation 5: RAN4 should study whether existing RRM requirements are also suitable/applicable for TDD operation.
C. Work on the following objectives to commence from RAN#78. This is not affected by the work to complete running CRs/draft CRs for A-1 and A-5.
	Access barring enhancement [RAN2] 

· Improved access/load control in idle mode e.g. CE-level based access barring

Enhancements to standalone operation mode

· Signalling and requirements to support (a) standalone anchor with in-band/guard-band non-anchor and (b) standalone non-anchor with in-band/guard-band anchor carrier, without increasing the 20 MHz separation from Rel-13 [RAN2, RAN4]


This part is RRM unrelated.

	UE Feedback

Support of extended NB-IoT power headroom report range and finer granularity[RAN2, RAN4, RAN1]


RAN4 will need to revisit PHR requirements, including power headroom report range and mapping, depending on progress of RAN1 and RAN2. For instance, RAN2 may consider increase the report bits for PHR to increase granularity. RAN4 will study the new mapping once RAN2 makes their decision on how many bits are to be reserved for PHR.
Observation 6: PHR requirements will be revisited, depending on RAN1/2 progress.
3. Conclusions
In this contribution we briefly go through the objectives of the WID of Rel-15 NB-IoT with initial analysis on the corresponding potential RRM impact. After discussions, the following observations are made:
Observation 1: no RRM impact can be foreseen for power consumption reduction for physical channels.
Observation 2: there may be some RRM impact from relaxed monitoring for cell reselection, depending on the final scheme decided in RAN2.
Observation 3: RAN4 needs to be involved in measurement accuracy improvements discussion.
Observation 4: RAN4 may need to revisit cell search and SI reading related RRM requirements, depending progress in RAN1 and RAN2.
Observation 5: RAN4 should study whether existing RRM requirements are also suitable/applicable for TDD operation.
Observation 6: PHR requirements will be revisited, depending on RAN1/2 progress.
Besides, we also provide a RRM work plan [4] for this work item based on the above analysis.
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