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1	Introduction
RAN1 agreed to include a new mechanism for NB-IoT UE to determine and report the channel quality in Msg3 during the random access procedure [1].
	· The downlink channel quality is denoted as the repetition number that the UE needs to decode hypothetical NPDCCH with BLER of 1%
· FFS the details for this metric (at least including measure resources, measure duration, and the details for hypothetical NPDCCH, such as the format, the aggregation level)



Accordingly, RAN1 is asking RAN4 to take the above agreements into account and define the channel quality metric and new requirements/test cases (if needed).
This contribution discusses the channel quality measurement to be responds to RAN1. 
2	Discussion
2.1	New procedure in NB-IoT
Figure 1 illustrates the new UE procedure described in LS from RAN1. In the initial access, UE first estimates the CE level and transmits the random access preamble with NPRACH resources depending on the estimated CE level (MSG1). If eNB can receive the preamble, eNB transmits the random access response (RAR or MSG2), consisting of NPDCCH and NPDSCH. After that UE transmits NPUSCH format 1 for RRC connection request (MSG3) where the NPUSCH transmission timing (k0) is specified by the eNB. According to the LS from RAN1, at the MSG3 transmission, UE optionally reports the NPDCCH repetition number with that UE can decode NPDCCH with BLER of 1%.



[bookmark: _Ref510199240]Figure 1	UE procedure for reporting channel quality in MSG3.
2.2	Channel quality measurements
We observe a lot of commonalities between the quality report in MSG3 and radio link monitoring (RLM). For RLM, UE reports in-synch if the measured channel quality is better than the threshold Qin and reports out-of-synch if the measured channel quality is worse than Qout. RLM for NB-IoT is specified in TS36.133 as follows:
In-synch:
When the downlink radio link quality of the NB-IoT cell estimated over the last TEvaluate_Qin_NB-IoT period becomes better than the threshold Qin_NB-IoT, Layer 1 of the UE shall send an in-sync indication for the NB-IoT cell to the higher layers within TEvaluate_Qin_NB-IoT evaluation period.
Out-of-synch:
When the downlink radio link quality of the NB-IoT cell estimated over the last TEvaluate_Qout_NB-IoT period becomes worse than the threshold Qout_NB-IoT, Layer 1 of the UE shall send an out-of-sync indication for the NB-IoT cell to the higher layers within TEvaluate_Qout_NB-IoT evaluation period.
[bookmark: _GoBack]When the network configures the maximum NPDCCH repetition parameter as Rmax, RAN4 defines the Qin for the hypothetical NPDCCH BLER of 2% with Rmax/4 and AL2, and Qout for the hypothetical NPDCCH BLER of 10% with Rmax and AL2. To measure the channel quality, UE needs the evaluation period, and it is specified in TS36.133 as shown in Table 1. As shown in the table, the evaluation period depends on the Rmax and radio link monitoring quality (Qin or Qout). For example, if the network configures Rmax<=64, the UE need judge out-of-synch within 400ms and in-synch within 200ms in case DRX is not configured. 
[bookmark: _Ref510200321]Table 1	Qout and Qin Evaluation Period in non-DRX for HD-FDD Category NB1 UE
	Configured NPDCCH Rmax
	TEvaluate_Qout_NB-IoT
	TEvaluate_Qin_NB-IoT

	Rmax ≤ 64
	400ms
	200ms

	Rmax> 64
	4000ms
	2000ms



Considering the channel quality measurement during the initial access agreed by RAN1, we think the channel quality measurement period UE can use is from the beginning of MSG2 to a few subframes before the MSG3 transmission (Tq in Figure 1). This is because NB-IoT UE is half-duplex FDD, and UE cannot measure downlink signal during the uplink transmission and DL/UL switching gap. Moreover if NDPCCH repetition is 32 and NPDSCH repetition is 16, for example, the possible measurement period is only 50-60ms; it is much shorter than TEvaluate_Qin_NB-IoT (=200ms), and the we guess the measurement accuracy would be worse than that assumed for RLM. 
Observation 1: Channel quality evaluation period for MSG3 reporting depends on the transmission length of MSG2 and scheduling delay parameter k0. The measurement accuracy depends on the evaluation period. 
2.3	NPDCCH repetition number with BLER of 1%
RAN4 has already introduced the NPDCCH demodulation requirement in Rel-13 and the requirement specified with SNR satisfying NPDCCH BLER of 1% with DCI N1. Figure 2 shows our old simulation results contributed for Rel-13 NB-IoT demodulation requirement. 
One of the simplest way for UE to know the NPDCCH repetition number ensuring reliable NPCCCH decoding success rate is to use the NPDCCH decoding results in MSG2. Network configures the NPDCCH Rmax for RAR transmission and UE tries to decode NPDCCH with shorter repetition e.g., Rmax/2 or Rmax/4. Since Rmax for RAR is the common parameter in the cell, some UE in the worst condition needs Rmax but other UE in the best condition only need Rmax/8 repetitions. 
According to TS36.213, UE expects the actual NPDCCH repetition numbers for type-2 NPDCCH common search space are {Rmax, Rmax/2, Rmax/4, Rmax/8}. UE can choose one of the values and report it on MSG2. This could help to reduce the signalling also. 
Observation 2: The number of repetitions that the UE successfully decoded NPDCCH that schedules MSG2 is a good candidate to report on MSG3. 
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[bookmark: _Ref510200869]Figure 2	NPDCCH Simulation results with EPA5 and ETU1.

2.4	Channel quality reporting in MSG3
Based on the observations above, our initial thoughts on this issue are:
· The eNB should consider some margin for hypothetical NPDCCH BLER to derive the repetition number, e.g., UE derives the NPDCCH repetition number to satisfy the hypothetical NPDCCH BLER of lower than (1+X)% and/or higher than (1-Y)%. 
· RAN4 will decide X and Y as same as RLM. 
· UE may decide the NPDCCH repetition number based on the repetition number that the UE successfully decoded NPDCCH that schedules MSG2 and the channel quality measurement until MSG3 transmission.
· The channel quality should be measured in the carrier where NPDCCH is transmitted. 
· UE reports one of the values in {Rmax/8, Rmax/4, Rmax/2, Rmax}. 
· RAN4 should introduce the corresponding tests to report the repetition number with a certain condition (NPDCCH Rep < Rmax, NPDSCH Rep=Rd, and k0=Z).
3	Conclusions
Observation 1: Channel quality evaluation period for MSG3 reporting depends on the transmission length of MSG2 and scheduling delay parameter k0. The measurement accuracy depends on the evaluation period. 
Observation 2: The number of repetitions that the UE successfully decoded NPDCCH that schedules MSG2 is a good candidate to report on MSG3.
Proposal 1: Send LS response to RAN1/RAN2 as follows:
· [bookmark: _Hlk510790960]The UE report one of the values in {Rmax/8, Rmax/4, Rmax/2, Rmax} which gives a hypothetical NPDCCH with BLER less than (1+X)% and larger than (1-Y)%. 
· The values are based on the number of repetitions that the UE successfully decoded NPDCCH that schedules MSG2, and channel quality measurement in the carrier NPDCCH is transmitted until MSG3 transmission. 
· Margins X and Y are decided by RAN4. 
Proposal 2: RAN4 specify the requirement and test case corresponding to this new procedure. 
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