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Introduction
In the last RAN4 #86bis meeting, RAN4 agreed the following way-forward [1] regarding the downlink channel quality reporting.

	· Companies are encouraged to investigate the solution to report the channel quality in MSG3. 
· Option 1: Based on SINR estimation from MSG2
· Option 2: Based on the combination of actual repetition used until successful decoding of MSG2 and SINR estimation from MSG2
· Other options are not precluded. 
· Companies are encouraged to investigate the accuracy of the SINR measurement from MSG2 
· Other measurement period, e.g. before MSG1 transmission, is not precluded.


  
In this paper, we discuss the SINR measurement accuracy of the different measurement schemes for the downlink channel quality reporting in MSG3 for NB-IoT UE.
Discussion
In [2], RAN2 indicated that up to 4-bits can be assigned for the channel quality reporting in MSG3, except for the case where MSG3 contains RRCConnectionReestablishmentRequest-NB message.
“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.”
Therefore, as long as it is not limited by the measurement accuracy, the channel quality report in MSG3 can indicate the exact minimum NPDCCH repetition level required by the UE, among all possible values of {1, 2, 4, .., 2048}.
Observation 1. Per RAN2 agreement, downlink channel quality report in MSG3 supports up to 15 levels and hence can indicate the exact NPDCCH repetition level required by the UE.
In [3], RAN1 left it to RAN4 to determine the detailed measurement reference resource and the measurement scheme for the channel quality estimation/reporting. Considering that the maximum 15 possible reporting levels are available in MSG3, UE measurement scheme should be chosen to achieve the channel quality (SNR) measurement as accurate as possible to make the most use of the available reporting bitwidth. 
Figure 1 shows the NPDCCH BLER performance for the different repetition levels of {1, …, 128} in AWGN channel. It is shown that the minimum SNRs to achieve the 1% NPDCCH BLER between the adjacent repetition levels are spaced every 2-3dB apart. Therefore, UE’s SNR estimation accuracy should be of the similar order to be able to reliably select the correct minimum repetition level between the two adjacent ones.
Observation 2. It needs a reliable SNR estimation with accuracy of ±1~1.5dB to make the most use of the downlink channel quality reporting bitwidth in MSG3.
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Figure 1. NPDCCH BLER performance under different NPDCCH repetition levels in AWGN with 2Tx
Straightforward UE implementation to estimate SINR is to use the NRS tones received during the MSG2 reception. However, as discussed in [3] and shown in Table 1, the limited processing gain of the NRS tones makes it difficult to achieve SINR measurement accuracy suitable for the 4-bit downlink channel quality reporting. 
Table 1. Estimation accuracy of NRS-based SNR estimation from MSG2
	MSG2 repetition
	SNR achieving 90% MSG2 decode pass (in 1dB step)
	Probability that SNR estimate error is within ±1dB
	Probability that SNR estimate error is within ±3dB

	2
	-6dB
	0.196
	0.542

	4
	-9dB
	0.222
	0.604

	8
	-11dB
	0.258
	0.671

	16
	-14dB
	0.288
	0.743

	32
	-16dB
	0.289
	0.782



Observation 3. Due to the limited accuracy, downlink channel quality report mapping may not have more than four distinct levels when the SNR is estimated based on NRS tones received during MSG2 decoding.
Considering that UE must have decoded MSG2 successfully to be able to proceed with the downlink channel quality reporitng in MSG3, UE may reconstruct the coded symbols from the decoded bits and use them as additional reference signals to improve the SNR measurement accuracy. Figure 2 shows the SNR estimation error distribution of the reconstruction-based method for the different MSG2 repetition levels. For each repetitional level, the SNR in Figure 2 corresponds to the minimum SNR required to decode MSG2 with an error rate less than 10%. Compared to the NRS-based SNR measurement, it is shown that the reconstruction-based SNR estimation can provide a substantially improved SNR estimation accuracy of ±1.5dB with 90% probability across all the MSG2 repetition levels. 
Observation 4. SNR estimation accuracy from MSG2 can be substantially improved by using the reconstructed coded symbols from MSG2 as additional reference signals, e.g., ±1.5dB 90-percentile accuracy at the SNR with 90% MSG2 decoding pass rate.
For the efficiency of the downlink channel quality report, we propose to define the report mapping and the corresponding requirement under the assumption that the SNR is estimated based on the reconstructed coded symbols from the decoded bits in MSG2. 
Proposal 1. Downlink channel quality report mapping and the relevant requirement is defined under the assumption that UE estimates the SNR from MSG2 by using reconstructed coded symbols as reference signal.
Note that even when the average SNR condition is identical, the actual distribution of SNR measurement accuracy varies depending on the actual repetition level used in the MSG2 decoding. Therefore, the mapping from the measured SNR into the channel quality report will be a function of the actual repetition used until successful decoding of MSG2.
Proposal 2. Downlink channel quality is determined by considering both the actual repetition used until successful decoding of MSG2 and the SINR estimation from MSG2.

[image: ] [image: ]
                          (a) Repetition = 2 at SNR -6dB                                    (b) Repetition = 4 at SNR -9dB
[image: ][image: ]
                          (c) Repetition = 8 at SNR -11dB                                    (d) Repetition = 16 at SNR -14dB
[image: ]
                          (e) Repetition = 32 at SNR -16dB                                    
Figure 2. Measurement accuracy of the SNR estimation from MSG2 based on the coded-symbol reconstruction:  MSG2 repetition level of {2, .., 32} at the minimum SNR achieving 90% MSG2 decoding success rate
In the last RAN4 #86bis meeting, an option of performing the SINR measurement prior to MSG1 was also discussed, where NB IoT UE periodically performs the SNR estimation in the idle mode with the intention of averaging out channel fading and increasing the measurement samples. However, the SNR estimation (hence NPDCCH repetition level) based on the long-term averaging may fail to reflect the instantaneous channel condition during MSG2 and MSG4 reception. Since the repetition level reported in MSG3 can used in the subsequent MSG4 transmission, such long-term channel quality report may result in the MSG4 being transmitted based on overly aggressive or pessimistic repetition levels depending on the instantaneous channel realization.
Observation 5. Channel quality reporting based on the SNR measurement prior to MSG1 (idle mode measurement) may fail to reflect the instantaneous channel condition during actual MSG2 and MSG4 reception.

Conclusions
In this paper, we discussed the SINR measurement accuracy of the different measurement schemes for the downlink channel quality reporting in NB-IoT UE. Proposals made in this paper are summarized as follows:

Proposal 1. Downlink channel quality report mapping and the relevant requirement is defined under the assumption that UE estimates the SNR from MSG2 by using reconstructed coded symbols as reference signal
Proposal 2. Downlink channel quality is determined by considering both the actual repetition used until successful decoding of MSG2 and the SINR estimation from MSG2.
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