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1
Introduction
RAN4#73 agreed with the simulation assumption for the Cat-0 UE demodulation and CSI test [1]. This contribution presents the simulation results for CQI test and discusses the results.
2
Discussion
2.1
CQI definition test with PUCCH 1-0 TM1
The existing CQI definition test in the static condition specifies the following requirements:

1. The range of +/-1 of the reported median CQI index is more than 90% of the time.

2. Measure the PDSCH BLER using the transport format indicated by the median CQI index.
a. If the PDSCH BLER is less than or equal to 0.1, then the BLER using the transport format indicated by the (median CQI + 1) shall be greater than 0.1.

b. If the PDSCH BLER is greater than 0.1, then the BLER using the transport format indicated by the (median CQI - 1) shall be less than or equal to 0.1.

Figure 1 shows the reported median CQI with PUCCH 1-0 for the category 0 UE (1Rx). For reference we also show the result of 2Rx. As expected, the median CQI with 1Rx is about 3-4dB lower compared with the 2Rx result. 
For the CQI definition tests, RAN4 usually selects two SNR test points to cover different modulations. Considering the low complexity UE operation, we prefer to cover QPSK and 16QAM rather than 64QAM. According to the CQI table, QPSK and 16QAM correspond to CQI indexes 1-6 and 7-9, respectively. Therefore we propose to set 0dB/1dB and 6/7dB in order to cover CQI index 1-6 and 7-9.  

Proposal 1: Set SNR test points to 0/1dB and 6/7dB for category 0 UE CQI definition test with PUCCH 1-0 TM1.
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Figure 1
Median CQI for PUCCH 1-0 with 1Rx and 2Rx.
2.2
CQI fading test with PUSCH 3-0 TM1
The existing CQI fading test specifies the following requirements:

1. Sub-band differential CQI offset level of 0 (same level as wide-band CQI) shall be reported at least α % of the reporting time but less than β % for each sub-band.
2. Throughput ratio tbest /trnd shall be larger than or equal to γ, where tbest is the throughput obtained using one of the best sub-band with the corresponding reported sub-band CQI, and trnd is the throughput obtained from one of the randomly selected sub-band with the median wide-band CQI. 

3. BLER during the throughput measurement of tbest shall be greater or equal to 0.05.

Considering 10MHz of the system bandwith, the subband size is set to 6PRB. This means CQI measurement is based on 6PRB; however eNodeB allocates only 2PRB for PDSCH transmission according to the CQI table in Appendix.  

Figure 2 shows the throughput ratio tbest /trnd, specified in the test requirement above.  2PRB PDSCH transmission is the result of the category 0 UE scenario; UE estimates CQI based on 6PRBs, but eNodeB transmits PDSCH using only 2PRBs. For reference, we also show the throughput ratio for the case 6PRBs are used for both CQI estimation and PDSCH transmission; this is the same setting as existing test case. 
This figure shows the throughput gain for 6RPB transmission is more than 1.5 over SNR test points. For 2PRB transmission case, however, the throughput gain is less than 1.2, and it is less than 1.0 for some SNR test points. The ratio less than 1.0 means the throughput performance with best subbnad is no gain compared with the random subband selection. We think this result comes from the mismatch between the number of PRBs used for CQI estimation and that for PDSCH transmission because of the frequency selective channel model. 
Figure 3 compares the BLER of the follow CQI with best subband for 6PRB PDSCH transmission and 2PRB PDSCH transmission, although CQI estimation is based on 6RPB for both scenarios. This figure shows the BLER for 2PRB PDSCH transmission is very high, it is around 50%. On the other hand, the BLER is 0.2-0.3 for 6RPB PDSCH transmission case. This result indicates that the mismatch degrades the follow CQI performance.
One possible way for achieving higher throughput ratio may be to use less frequency selective channel model for the category 0 UE CQI test. Another way is to exclude the frequency selective CQI test from the category 0 UE requirement. Our preference is the later one, because the maximum transport block size for category 0 UE is only 1000bits, and we don’t think the benefit of the throughput gain with the best subband scheduling is significant compared with the random subband scheduling.
Proposal 2: Exclude the frequency selective CQI test from the category 0 UE CQI requirements. Alternatively RAN4 could investigate the test scenario, e.g., fading channel model, in order to show throughput gain more than 1.0 with the best subband scheduling compared with the random subband scheduling. 
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Figure 2
Throughput ratio of follow CQI with best subband over fixed wideband median CQI with random subband. 
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Figure 3
BLER of follow CQI with best subband scheduling.
3
Conclusions

Proposal 1: Set SNR test points to 0/1dB and 6/7dB for category 0 UE CQI definition test with PUCCH 1-0 TM1.

Proposal 2: Exclude the frequency selective CQI test from the category 0 UE CQI requirements. Alternatively RAN4 should investigate the test scenario, e.g., fading channel model, in order to show throughput gain more than 1.0 with the best subband scheduling compared with the random subband scheduling. 
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Appendix

A.1
CQI table
Table 1
CQI table used for Category 0 UE CQI tests [1].
	CQI index
	Modulation
	Target coding rate
	Number of resource blocks
	Imcs
	Information Bit Payload
	Binary Channel Bits per Sub-frame

	0
	Out of range
	Out of range
	DTX
	 -
	-
	

	1
	QPSK
	0.076
	2
	0
	32
	504

	2
	QPSK
	0.12
	2
	0
	32
	504

	3
	QPSK
	0.19
	2
	2
	72
	504

	4
	QPSK
	0.3
	2
	4
	120
	504

	5
	QPSK
	0.44
	2
	6
	176
	504

	6
	QPSK
	0.59
	2
	8
	256
	504

	7
	16QAM
	0.37
	2
	11
	328
	1008

	8
	16QAM
	0.48
	2
	13
	440
	1008

	9
	16QAM
	0.6
	2
	16
	600
	1008

	10
	64QAM
	0.45
	2
	19
	696
	1512

	11
	64QAM
	0.55
	2
	21
	840
	1512

	12
	64QAM
	0.65
	2
	23
	1000
	1512

	13
	64QAM
	0.75
	2
	23
	1000
	1512

	14
	64QAM
	0.85
	2
	23
	1000
	1512

	15
	64QAM
	0.93
	2
	23
	1000
	1512
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