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1. Introduction

We have seen the start of R16 NB-IoT enhancement in the last quarter of 2018 in RAN1 and RAN2. In RAN4, this meeting marks the beginning of the discussions of R16 NB-IoT enhancement. In the WID [1], it is identified that in R16 we should at least discuss the following objectives, 

	The objective is to specify the following set of improvements for machine-type communications for NB-IoT FDD.

Improved DL transmission efficiency and/or UE power consumption:

· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

Improved UL transmission efficiency and/or UE power consumption:

· Specify support for transmission in preconfigured resources in idle and/or connected mode based on SC-FDMA waveform for UEs with a valid timing advance[RAN1, RAN2, RAN4]

· Both shared resources and dedicated resources can be discussed

· Note: This is limited to orthogonal (multi) access schemes
Scheduling enhancement:

· Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]

· Enhancement of SPS can be discussed.
Network management tool enhancement:

· SON support for reporting of [RAN2, RAN3]

· Cell Global Identity and strongest measured cell(s) (ANR)

· Random access performance

· Radio link failure (RLF), if needed

Improved multi-carrier operation:

· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2]

· Specify signalling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted [RAN1, RAN2, RAN4] 

Mobility enhancement:

· Specify power efficient NB-IoT mechanism which would assist idle mode inter-RAT cell selection for NB-IoT to and from LTE, LTE-MTC and GERAN [RAN2]

Coexistence with NR

· Study NR and LTE specifications to identify possible issues related to coexistence of FDD/TDD NB-IoT with NR [RAN4, RAN1, RAN2]
Connection to 5GC:

· Specify support for the following features [RAN2, RAN3]

· Support of extended DRX in CM-IDLE

· Support of extended DRX in CM-CONNECTED with RRC_INACTIVE (support of sleep cycles up to the NAS and SMS retransmission timers)

· Support of EDT for Data over NAS and UP solution (see Note)

· Support of Inter-UE QoS for data over NAS (resource prioritisation between different NB-IoT UEs)
· Support of restriction of use of Enhanced Coverage

· Delivery of Expected UE Behaviour information to the RAN

· Additional information in SIB to indicate supported CIoT features; indication of CIoT features supported by the UE in RRC

Note: Based on the outcome of RAN2/SA2 liaison exchanges, UP solution to be supported for connection to 5G-CN may be later updated.



From the current version of the WID, we can spot that the objectives listed below have RAN4 impacts,

	Improved DL transmission efficiency and/or UE power consumption:

· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

Improved UL transmission efficiency and/or UE power consumption:

· Specify support for transmission in preconfigured resources in idle and/or connected mode based on SC-FDMA waveform for UEs with a valid timing advance[RAN1, RAN2, RAN4]

· Both shared resources and dedicated resources can be discussed

· Note: This is limited to orthogonal (multi) access schemes
Improved multi-carrier operation:

· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2]

· Specify signalling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted [RAN1, RAN2, RAN4] 




In this paper, we throw light upon how the above objectives are going to draw impact on the RRM requirements, as part of the job in RAN4 R16 NB enhancement specifications.
2. Discussion
2.1. UE-group wake-up signal

UE-group wake-up signal had been discussed in RAN1 for 3 meetings. They have reached the agreements regarding to grouping principle, schemes to improve detection performance, number of groups, multiplexing methods and resources allocations. The RAN1 agreements of latest meeting #95 are copied as below,
	Agreement
UE group ID is used as a parameter to generate WUS UE group sequence(s)

Agreement
One group WUS is designed as a single sequence
Agreement 

Further study false detection (cross/auto correlation) performance properties for the following designs:

· legacy WUS + cover codes,

· legacy WUS + shifted scrambling codes,

· legacy WUS + phase shift + cover code + scrambling bits

· Including combinations of phase shift, cover code, and/or scrambling bits

Other designs are not precluded.
Agreement 

The number of UE groups is configurable and broadcasted in SIB.

· FFS: Further details on the number of UE groups. For example, whether it is per PO or per gap configuration of a PO.

Agreement
Multiplexing of Rel-16 UE groups is down-selected among

· Single sequence CDM is supported

· Single sequence CDM is supported and TDM can be additionally applied

· FFS: Configurability of CDM and/or TDM

Agreement
A common WUS is used to wake up all group WUS UEs monitoring the same WUS (time-frequency) resource if more than one UE group occupies the WUS resource.

· FFS: Whether the above is also applicable for Rel-15 WUS UEs

· FFS: Whether to support waking up a subset of all WUS UE groups

Agreement

For multiplexing between Rel-16 UE-group WUS and Rel-15 legacy WUS within the same carrier, further evaluate and down select among the following options

· TDM

· single-seq. CDM

· single-seq. CDM+TDM

FFS whether legacy WUS is the common WUS for all new UEs or only a part of new UEs.
Agreement

Rel-16 group WUS uses the same gap configurations as for Rel-15 legacy WUS except for differences from possible TDM.

· No new gap higher layer signaling will be introduced for TDM


Among the agreements reached in RAN1, we can see that the exact design of R16 group WUS is not ready for RAN4 to evaluate the exact performance and define the actual UE behaviors or requirements. But what can be predicted is that, after the designation of group-WUS is ready, RAN4 is to discuss thoroughly at least the following topics,

· Group WUS detection performance

· Whether to define minimum WUS reception requirements for R16 WUS

· Simulation assumptions for R16 WUS performance evaluation

· Whether there is impact on R15 WUS performance from R16 WUS, provided that the multiplexing between R15 and R16 WUS is introduced

· Whether to introduce serving cell measurement relaxation requirements according to R16 WUS.
Observation 1: RAN4 is to discuss thoroughly at least the following topics provided RAN1/2 design is ready,

· Group WUS detection performance

· Whether to define minimum WUS reception requirements for R16 WUS

· Simulation assumptions for R16 WUS performance evaluation

· Whether there is impact on R15 WUS performance from R16 WUS, provided that the multiplexing between R15 and R16 WUS is introduced

· Whether to introduce serving cell measurement relaxation requirements according to R16 WUS.
Among the mentioned discussion in RAN1, we noticed that regarding R16 WUS sequence design, a brand new WUS sequence could have huge impact on both RAN4 specification and UE implementation. For example, it is expected that there may be legacy UEs with dedicated solutions for reliability or power consumption according to R15 WUS design. This means that brand new sequence for R16 is not feasible if we want to have multiplexed R15 and R16 WUS-s in the same set of resources. With regard to RAN4 performance requirements of WUS detection, there is no impact as long as the side condition is met, even if the multiplexing between R15 and R16 WUS-s is CDM.
3. Conclusion
Observation 1: RAN4 is to discuss thoroughly at least the following topics provided RAN1/2 design is ready,

· Group WUS detection performance

· Whether to define minimum WUS reception requirements for R16 WUS

· Simulation assumptions for R16 WUS performance evaluation

· Whether there is impact on R15 WUS performance from R16 WUS, provided that the multiplexing between R15 and R16 WUS is introduced

· Whether to introduce serving cell measurement relaxation requirements according to R16 WUS.
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