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Introduction
At RAN4#90 the discussion on RRM aspects for NB-IoT Rel-16 enhancements was started and a Way Forward for RRM aspects was identified [1]. Updates to the WID [2] were then made at RAN#83.  
This contribution contains a discussion on RRM aspects for Rel-16 NB-IoT enhancements. In section 2, RAN4 related tasks in the revised WID [2] are depicted and section 3 provides a brief discussion on corresponding RRM aspects together with a description of the RAN1 progress status. Section 4 contains the conclusion.
RAN4 related tasks in the WID 
The RAN4 related tasks in the WID revised and approved in [2] are marked below. Changes at RAN#83 were done for items ‘improved multicarrier operation’ and ‘co-existence with NR’.
Objective of Core part WI
Improved DL transmission efficiency and/or UE power consumption:
· [bookmark: _Hlk515907437]Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

[bookmark: _Hlk515906322]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, RAN4]
· Specify support for quality reporting in connected mode for anchor and non-anchor carriers. The quality report is not carried in the physical layer. [RAN1, RAN2, RAN4].
· 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] 

Coexistence with NR
· [bookmark: _Hlk516784255]Study aspects of FDD/TDD NB-IoT coexistence with NR [RAN4, RAN1, RAN2]
· For NB-IoT in-band, guard band and standalone operation co-existence with NR, including the case of NR configured in 15kHz SS Block SCS and the case of 30kHz SS Block SCS as specified in 38.101-1, investigate the following: [RAN4]
· 15KHz, 30KHz, and 60KHz numerologies for NR FR1 concerned bands, with higher priority given first to 15kHz and then to 30kHz
· [bookmark: _Hlk522858168]Channel raster, PRB and subcarrier grid alignment between NB-IoT and NR
· Study feasible NB-IoT carrier(s) placement allocation without RF backward compatibility impact and compatible with Rel’13 NB-IoT and Rel’15 NR, to operate simultaneously within various NR channel bandwidths
· Study if the +6dB downlink RE power boosting can still be allowed for both in-band and guard band operation modes when co-existing with NR
· Synchronization issue between NR and NB-IoT, including timing advance
· Frequency band support in NB-IoT and NR
· Testability applicable to RF
· Coexistence between R15 NR and R13/R14/R15 NB-IoT.
Note: After RAN1 concludes the objective on R16 NB-IoT coexistence aspects, evaluate coexistence between R15 NR and R16 NB-IoT.

Objective of Performance part WI
Specify necessary performance requirements, measurement accuracy requirements and test cases related to the above-mentioned enhancements and core requirements. [RAN4]
RRM aspects for RAN4 related tasks are further elaborated in the next section with a focus on RRM requirements assessment (rather than conformance testing issues).
RRM aspects 
This section depicts RRM aspects of features belonging to the WID [2].
Group NWUS
For improving DL transmission efficiency, RAN1 is defining the core requirements for UE-group wake-up signal for NB-IoT (group NWUS). In opposite to Rel-15 where a cell specific wake-up signal is defined for all capable UE’s camping on the cell, Rel-16 will add UE-group wake-up signals. RAN1 has progressed the work on how to group UEs and on multiplexing different Rel-16 UE groups as well as the multiplexing with Rel-15 WUS capable UEs [3]. For multiplexing Rel-16 UEs, it was agreed in RAN1 that up to two WUS resources are multiplexed in time domain and in addition single-sequence CDM is used to further distinguish UE groups. In addition, a common WUS can be configured for Rel-16 UEs.
It is assumed that for Rel-16 common NWUS, RRM requirements are similar to RRM requirements for the Rel-15 NWUS. However, for UE group specific NWUS, it is expected that separate RRM requirements need to be defined that take into account aspects for UE grouping. For instance, grouping can be based on repetition level, which will impact the overall NWUS duration, or on RSRP or whether the UE uses DRX / eDRX configuration. It is noted, that these aspects have been discussed in RAN1 without agreement and this is generally considered a RAN2 issue. Thus, RAN4 should await further RAN1 and RAN2 investigations on the above aspects before addressing RRM requirements.
Preconfigured uplink resources
For improving UL transmission efficiency, RAN1 is defining the core requirements for preconfigured uplink resources (PUR). Preconfigured uplink resources are used for grant-free transmission of UL data with small data volume in idle mode, assuming a certain range in the timing misalignment to the eNB. Transmission in both dedicated and shared resources (i.e. contention free and contention based) is under investigation. In particular, RAN1 has progressed the work on TA validation criteria (serving cell changes, time expired after last TA update, serving cell NRSRP changes, all configured criteria need to be satisfied for obtaining a valid TA), indication of preconfigured UL resources via RRC signalling and its resource configuration parameters (time and frequency domain resources, TBS(s), MCS(s), power control parameters, legacy DMRS patterns and the PUR search space configuration parameters such as NPDCCH repetitions/aggregation levels/starting subframe position and periodicity), fallback to legacy RACH or EDT procedures (in case of determined invalid TA), HARQ procedure (1 HARQ process, ACK sent on NPDCCH, UL grant for retransmission transmitted in NPDCCH search space) and skip of UL transmission for dedicated PUR, update of PUR parameters after PUR transmission (TA and UE TX power adjustments) [3] and has tasked RAN2 to specify details of the PUR Time Alignment timer.
[bookmark: _GoBack]According to [1], TA validation requirements for identified TA validation criteria should be discussed if applicable to RAN4 work. In our view, RAN4 should study the aspect of allowable serving cell NRSRP changes to ensure a valid TA. RAN4 should also define the RRM requirements for NPDCCH reception.
Channel quality reporting in multicarrier operation
RAN1 is investigating channel quality reporting for non-anchor access. The channel quality measurement is performed on the carrier the UE monitors for receiving RAR in Msg 2. The report, sent in Msg3 on non-anchor carrier, indicates the number of repetitions to decode the hypothetical NPDCCH with BLER of 1%.
For channel quality report in Msg3 on non-anchor access, RAN1 identified the following scenarios in which UE may monitor a carrier that is different from the carrier in which the UE receives Msg2 (i.e. RAR). Among other agreements, the affected procedures are summarized in [3]:
· Idle mode
· Non-EDT random access procedure 
· EDT procedure
· Connected mode
· NPDCCH ordered NPRACH procedure
· Random access procedure to apply for UL-SCH resource
RAN1 also discussed the issue, whether an amount of time and / or gap is needed for the new DL quality measurement but without conclusion. In our view this is a RAN4 task to identify the measurement time in idle mode for the DL channel quality and the need of measurement gaps in connected mode aside the aspect of measurement accuracy. In addition, if more than one carrier needs to be reported, the impacts in idle and connected mode need to be considered by RAN4. It is assumed that RAN1 will liaise to RAN4 on this matter.
For the second item for improved multicarrier operation - channel quality reporting in connected mode for anchor and non-anchor carriers - which is not carried in the physical layer (item was added at RAN#83), RAN4 should await further RAN1 and RAN2 investigations before addressing RRM requirements.
NRS on non-anchor carrier
The third item for improved multicarrier operation is related to the support of NRS on non-anchor carriers that support paging. Even if there is no paging occasion (PO) and no NPDCCH is sent, the network will send NRS in a set of subframes prior to a subset of POs to the device in idle mode which helps to early terminate WUS/NPDCCH detection and allows for improved measurements on the non-anchor carrier after the UE wakes up and receives on the non-anchor carrier while monitoring pages. RAN1 decided signalling of the indication, that NRS will be sent periodically on such non-anchor carriers, will be done via SIB, details being specified by RAN2 [3]. 
According to [1], RAN4 is to identify the scenarios under which RRM measurements based on NRS on non-anchor carriers are feasible. In our view, timing of NRS prior to PO may be studied by RAN4. RAN1 has taken the decision that NRS is present in the first M subframes out of the 10 NB-IoT DL subframes before the PO, and the N first NB-IoT DL subframes of NPDCCH search space. RAN4 is expected to study NRS presence in the NPDCCH search space in more detail to identify the parameter N which should be dependent on the max repetition parameter Rmax for paging. RAN4 is also expected to define RRM requirements such as measurement performance for NRS based receive power, once RAN1 has defined the core requirements.  
Coexistence with NR
Work on coexistence with NR is ongoing in RAN1 regarding Rel-16 improvements. Following aspects were agreed in RAN1 to be studied to improve coexistence in Rel-16 [3]:
· NB-IoT resource reservation on non-anchor carrier to improve the performance of coexistence of FDD/TDD NB-IoT with NR 
· Subframe-level resource reservation in NB-IoT
· Symbol-level resource reservation in NB-IoT
· Slot-level resource reservation in NB-IoT
· NB-IoT transmission is dropped/postponed in reserved resources.
Thus, RAN4 should await further RAN1 investigation on these aspects before addressing RRM requirements. 
Conclusion
This contribution has listed RAN4 related tasks in the revised WID [2] and depicted a discussion on corresponding RRM aspects. It is proposed to discuss more on these aspects to define the RAN4 work for the upcoming meetings taking into account progress in RAN1 and RAN2. 
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