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Introduction
A new RAN1-led Working Item on Rel-16 enhancements for NB-IoT was approved at RAN Plenary #80 [1].  In particular, a RAN1 objective aims to study the enhancement on UE-group WUS as shown below
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]

During RAN1#92bis, RAN1 made the following agreements regarding NB-IoT downlink channel quality report [2]:
For the downlink channel quality reporting in msg3:
· RAN1 assumes that the UE is not required to measure additional subframes for this feature  (e.g., the measured subframes used for cell reselection before random access can be reused).
· RAN1 does not intend to define the subframes used for measurement for DL channel quality reporting.
· In Rel-14, this feature is only supported for the anchor carrier on which the UE received msg2.
· RAN1 will not define a reference resource for NPDCCH (i.e., the location in time of the “virtual PDCCH”)
· RAN1 considers that the indicated hypothetical NPDCCH repetition number (R) should be derived based on averaging the DL quality during a period of time (to average fading out) without incurring in additional wake-ups for measurement.
· RAN1 leaves the decision on the number and value of candidates of R to be decided by RAN2 and RAN4. 

RAN2 replied to RAN1 LS during RAN2#101bis [2]
· RAN2 has discussed DL channel quality reporting in MSG3 and RAN2 agreed that 4 bits, i.e. 15 measured values (codepoint “0000” indicates absence of measurements), are available for the DL channel quality reporting in MSG3, except when MSG3 contains RRCConnectionReestablishmentRequest-NB message for the Control Plane Optimization. When MSG3 contains RRCConnectionReestablishmentRequest-NB message for the Control Plane Optimization only 2 bits, i.e. 3 measured values, are available.
· RAN2 kindly asks RAN4 to take this information into account in their work on DL channel quality metric. RAN2 would like to ask RAN4 if a suitable mapping with (only) 3 measured values is feasible.

This contribution aims to discuss support of Msg3 quality reporting for non-anchor carrier.
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Msg3 quality reporting for non-anchor carrier
There is no DL channel quality metric specified for Msg3 report on anchor carrier. This will be discussed in RAN4. In [4], a DL channel quality metric was proposed based on SNIR measurements.  In a typical implementation to optimize demodulation operations of NPDCCH, the SNIR can be used for early termination of NPDCCH decoding.  It seems straightforward to re-use SNIR measured for early termination of NPDCCH decoding for NPDCCH candidates in CSS Type 1 for DL channel quality metric. An example for NB-IoT standalone deployment scenario is shown below for NDCCH of idle paging UE assuming a 3-bit mapping for NPDCCH repetitions. Rmax can be up to 2048, with at most 8 candidates. A typical SNR is 15.4 dB,   5.4 dB,    -4.6 dB corresponding to MCL=144 dB, 154 dB, and 164 dB. A similar example can be readily shown for a 2-bit mapping. Further details are available in [4].

	NPDCCH Repetitions
	Rmax/128
	Rmax/64
	Rmax/32
	Rmax/16
	Rmax/8
	Rmax/4
	Rmax/2
	Rmax

	SINR [dB]
	12
	10
	8
	6
	4
	2
	0
	-4


Table 1: Mapping of SINR and NPDCCH repetitions for idle paging UE on Common Search Space Type 1.

Observation 1: DL channel quality metric specification for Msg3 report on anchor carrier will be discussed in RAN4.

In the current 3GPP NB-IoT specifications, it is not possible to reliably measure the link quality of non-anchor carrier by making NRS-based measurements. In the worst case, there will be no signalling or data transmitted on this carrier, and consequently no NRS will be transmitted. In other case, the transmission of NRS will be done sporadically as and when data or signaling occur on the non-anchor carrier. This makes link quality measurements un-practial.
Observation 2: In Release 15, NRS-based link quality measurements on non-anchor carrier are un-practical due to sporadic nature of NRS transmission.

In the specification, NRS-based measurements are made on anchor carrier. The UE may assume the link quality of the anchor carrier correlates reasonably with the link quality of the non-anchor carrier which is assumed to experience similar propagation conditions. This is illustrated in Figure 1. In case anchor carrier and non-anchor carrier experience different traffic load, the anchor carrier link quality may not correlate with that of the non-anchor carrier accurately.
Observation 3: In typical implementation, the UE may assume the link quality of the anchor carrier correlates reasonably with the link quality of the non-anchor carrier assuming similar propagation conditions and traffic load.
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Figure 1: Link quality measurements for anchor / non-anchor carrier in NB-IoT

On non-anchor NB-IoT carrier, NRS transmission is only sent by the eNB when data or signalling is sent to minimize NRS interference to other cells. The UE may use an anchor carrier with essential control-plane Radio Resource Common and user-plane data signalling and non-anchor carrier for additional usrr-plane data capacity.  In Release-16 NB-IoT WI, signalling solutions for the suport of NRS when no paging is transmitted will be specified. Details on potential solution can be obtained in [4]. Assuming that NRS will be available for link quality measurements on non-anchor carrier, it seems logical to to consider Msg3 report solution for anchor carrier as baseline for non-anchor carrier with some adaptation as needed.
Proposal 1: Msg3 report solution for anchor carrier is baseline for non-anchor carrier.

Conclusion
In this contribution, we discussed support of Msg3 quality reporting for non-anchor carrier.
Observation 1: DL channel quality metric specification for Msg3 report on anchor carrier will be discussed in RAN4.
Observation 2: In Release 15, NRS-based link quality measurements on non-anchor carrier are un-practical due to sporadic nature of NRS transmission.
Observation 3: In typical implementation, the UE may assume the link quality of the anchor carrier correlates reasonably with the link quality of the non-anchor carrier assuming similar propagation conditions and traffic load.
[bookmark: _GoBack]Proposal 1: Msg3 report solution for anchor carrier is baseline for non-anchor carrier.
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