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1. Introduction

In the last meeting, the NB-IoT channel quality report in Msg3 was discussed ad a WF was agreed [1]. This contribution provides discussion on this issue.
2. Discussion 
In the agreed WF [1], following issues need to be further discussed:
	· 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.


From above agreement, it can be seen that, in general, there are two options to estimate SINR:
Option 1: SINR is estimated from the period between Msg2 and Msg3

Option 2: SINR is estimated before Msg1

In the last meeting, RAN1 sent LS to RAN4[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.


According to the RAN1 LS, it was agreed that no additional subframes are used for downlink channel quality estimation and the measured subframes used for cell reselection before random access can be reused. Considering that the estimation derived on averaging the DL quality during a period of time will have better performance and the indicated hypothetical NPDCCH repetition number will be more reliable. It is proposed to follow RAN1’s agreement to estimate SINR based on the subframes used for NRSRP measurement before Msg1.
Proposal 1: it is proposed to estimate SINR based on the subframes before random access.

Similar with RLM, to guarantee the performance of downlink channel quality estimation, it is necessary to define the measurement period of downlink channel quality estimation.

Proposal 2: it is proposed to specify the measurement period of downlink channel quality estimation.
According to RAN2 LS [3], it was 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. Since the candidate values of repetition number are {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}, 4 bits are enough to map the repetition number.

Observation 1: 4 bits are enough to have one-to-one mapping between the repetition number and the available bits.  
According to the simulation results provided by companies in the previous NPDCCH demodulation  performance discussion [4] [5] [6] [7], for 1% BLER, the required SNR gap between two adjacent repetition number is about 3dB. In order to differentiate the adjacent repetition number based on the channel quality, the resolution of estimated SINR need to be +-1.5dB. 
We provide the simulation results of SINR measurement. Annex is the detail of the simulation assumption. With 40ms sampling interval, measurement period of 200ms, 400ms, 800ms, 1600ms are simulated respectively. Table 1 is the summary of simulation results.

Table 1 summary of simulation results
	Measurement period
	200ms
	400ms
	800ms
	1600ms

	SNR(dB)
	95%
	50%
	5%
	95%
	50%
	5%
	95%
	50%
	5%
	95%
	50%
	5%

	-20
	16.46 
	10.40 
	0.16 
	13.47 
	8.93 
	-1.65 
	12.30 
	7.41 
	-3.57 
	10.07 
	6.31 
	-5.35 

	-15
	11.48 
	5.61 
	-4.43 
	8.79 
	4.40 
	-7.66 
	7.70 
	2.77 
	-6.91 
	5.48 
	1.03 
	-8.27 

	-10
	7.18 
	1.41 
	-9.06 
	4.49 
	0.82 
	-9.16 
	4.35 
	0.15 
	-9.08 
	2.76 
	0.08 
	-7.88 

	-5
	3.76 
	0.12 
	-8.80 
	2.01 
	-0.27 
	-6.92 
	2.02 
	0.04 
	-3.66 
	1.23 
	0.06 
	-2.05 

	0
	1.96 
	0.00 
	-2.91 
	1.04 
	0.04 
	-1.65 
	1.02 
	0.02 
	-1.12 
	0.57 
	0.02 
	-0.74 

	5
	1.02 
	0.01 
	-1.22 
	0.53 
	0.01 
	-0.75 
	0.49 
	-0.01 
	-0.52 
	0.27 
	0.02 
	-0.35 

	10
	0.65 
	0.01 
	-0.65 
	0.36 
	0.00 
	-0.43 
	0.29 
	0.01 
	-0.29 
	0.16 
	0.01 
	-0.20 


From the simulation results, it can be seen that with the short measurement period (eg, 200ms) the measurement performance is not good. The reason is about NRS design. There are only 4 REs used for measurement per slot. However, the measurement performance is improved with the increase of measurement period. With measurement period of 800ms (20 measurement samples with 40 sampling interval), the SINR measurement performance is better than +-1.5 dB for SNR>= 0 dB. With measurement period of 1600ms (40 measurement samples with 40 sampling interval), the SINR measurement performance is about +-1.5 dB for SNR>= -5 dB. But for the lower SNR (eg, SNR <= -10dB), the accuracy of +-1.5dB still cannot be satisfied even with 1600ms measurement period.
Observation 2: for measurement period of 1600ms with 40ms measurement interval, the SINR measurement performance is about +-1.5 dB for SNR>= -5 dB.

Observation 3: for the lower SNR (eg, SNR <= -10dB), the measurement performance is not good for measurement period of 1600ms with 40ms measurement interval.

If one-to-one mapping between the repetition number and the available bits is in use, it is necessary to improve the measurement performance of SINR estimation so that two adjacent repetition number can be differentiated. The SINR measurement performance can be improved by increasing the measurement samples. One way is to increase the measurement delay, eg, larger than 1600ms, if the measurement sampling interval is kept as 40ms. The other way is to reduce the measurement sampling interval, eg, 20ms or shorter. In this way, the number of samples for 1600ms measurement delay will be two times compared with 40ms measurement sampling interval. However, both of these methods may increase the power consumption. 
If one-to-one mapping between the repetition number and the available bits is not in use, the power consumption issue can be avoided since there may be no necessary to improve the SINR measurement performance to differentiate two adjacent repetition number. However, if UE do not report the repetition number actually needed to deal with the interference, it is still possible that the downlink repetition number configured by network is not proper.
In summary, there are two solutions:
Option 1: if one-to-one mapping between the repetition number and the available bits is in use, it is necessary to improve the measurement performance of SINR estimation so that two adjacent repetition number can be differentiated. The SINR measurement performance can be improved by increasing the number of measurement samples. The shorter sampling interval (20ms) or the longer measurement period (> 1600ms) can be considered.   

Option 2: do not adopt the one-to-one mapping between the repetition number and the available bits, and the detailed solution can be further study.

The reason to introduce downlink channel quality report, denoted as the repetition number, is that the current CE level determination methodology based on NRSRP cannot well reflect the downlink channel quality. There will be severe issue for UE with relatively good CE level based on RSRP, but with high downlink interference. So it is necessary to indicate the downlink channel quality to assistant network to choose the repetition number. If UE can report the specific downlink repetition number needed to deal with the downlink interference, network could configure the downlink transmission properly. And the too small or too large repetition number can be avoided, which is beneficial for the system performance. From this point of view, one-to-one mapping between the repetition number and the available bits is preferred. However, the SINR measurement performance is not good enough to differentiate adjacent repetition number for measurement period of 1600ms with 40ms sampling interval (1600ms is the measurement period of NRSRP for extended coverage). If longer measurement period or shorter measurement interval is in use, there may be power consumption issue. So it is necessary to firstly determine how to map the repetition number with the available bits taking the system performance and power consumption into consideration.    
Proposal 3: for the mapping between repetition values and available bits, following solutions need to be discussed:
Option 1: if one-to-one mapping between the repetition number and the bits is in use, it is necessary to improve the measurement performance of SINR estimation so that two adjacent repetition number can be differentiated. The SINR measurement performance can be improved by increasing the number of measurement samples. The shorter sampling interval (20ms) or the longer measurement period (> 1600ms) can be considered.   

Option 2: Do not adopt the one-to-one mapping between the repetition number and the bits, and the detailed solution can be further study.
3. Conclusion
This contribution provides discussion on the NB-IoT channel quality reporting, the proposals and observations are:
Observation 1: 4 bits are enough to have one-to-one mapping between the repetition number and the available bits.  
Observation 2: for measurement period of 1600ms with 40ms measurement interval, the SINR measurement performance is about +-1.5 dB for SNR>= -5 dB.

Observation 3: for the lower SNR (eg, SNR <= -10dB), the measurement performance is not good for measurement period of 1600ms with 40ms measurement interval.

Proposal 1: it is proposed to estimate SINR based on the subframes before random access.

Proposal 2: it is proposed to specify the measurement period of downlink channel quality estimation.

Proposal 3: for the mapping between repetition values and available bits, following solutions need to be discussed:

Option 1: if one-to-one mapping between the repetition number and the bits is in use, it is necessary to improve the measurement performance of SINR estimation so that two adjacent repetition number can be differentiated. The SINR measurement performance can be improved by increasing the number of measurement samples. The shorter sampling interval (20ms) or the longer measurement period (> 1600ms) can be considered.   

Option 2: Do not adopt the one-to-one mapping between the repetition number and the bits, and the detailed solution can be further study.
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5. Annex
Simulation assumption of downlink channel quality estimation

	Parameters 
	Value 

	Measurement bandwidth 
	1 resource blocks 

	System bandwidth 
	1 resource blocks 

	L1 measurement period 
	200 ms, 400 ms, 800 ms 

	Sample duration 
	1ms 

	Measurement sampling rate 
	Once every 40ms 

	L3 filtering 
	Disabled 

	DRX 
	OFF 

	Antenna configuration 
	1TX, 1RX 

	Mobility 
	Stationary UEs, 

	Channel model 
	AWGN 

	Measurement type 
	NB-RS only based 

	CP length 
	Normal 

	Carrier frequency 
	2 GHz 

	Ec/Iot 
	-20 dB, …, 10 dB 

	Frequency error modelling 
	+/-50 Hz 











