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1
Introduction
RAN4#78bis agreed with the CR for Cat-M1 CQI definition test requirements [1], but RAN4 need further sturdy on the UE-selected CQI reporting test with PUSCH 2-0. In this contribution, we continue to discuss the UE-selected subband CQI reporting test.
2
UE-selected subband CQI test
2.1
Scheduling pattern
Table 1 is the simulation assumption agreed in [2]. We first discuss the detailed DL scheduling for UE-selected subband CQI test.
Table 1
UE-selected subband CQI test parameters.

	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Downlink power allocation
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	Reporting interval
	ms
	[8]

	CQI delay
	ms
	[8]

	Reporting mode
	
	PUSCH 2-0

	Max number of HARQ transmissions
	
	1

	Number of preferred subbands (M)
	
	1

	Number of narrowbands
	
	[4]

	Frequency hopping offset
	
	[1]

	Starting OFDM symbol (startSymbolLC)
	
	3

	M-PDCCH repetition level
	
	[1]

	PDSCH repetition level
	
	[1]

	MPDCCH narrowband (mpdcch-Narrowband)
	
	[7]

	MPDCCH hopping interval
	
	[8]


Figure 1 illustrates our assumption for DL pattern used for UE-selected subband CQI test with PUSCH 2-0. The simulation assumption agreed in [2] sets the number of narrowbands to 4. This means MPDCCH is scheduled on 4 different rarrowbands and the narrowband position is switched every hopping interval signalled from the higher layer. When UE is required to report the CQI, UE select one best narrowband and report it. This means M=1. As same as the CQI definition test, we assume MPDCCH and PDSCH share the same narrowband; MPDCCH uses 2PRB and PDSCH uses 3PRB (See appendix). Also both channels do not use repetition because we expect the Cat-M1 UE reporting higher CQI index should be on the higher SNR position.
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Figure 1
DL scheduling assumption for UE-selected subband CQI test.
We assume MPDCCH transmitting at subfrane #n includes both CQI reporting request and DL data scheduling. Then UE expect PDSCH transmission at subframe #n+2. At subframe #n+3, UE switches to UL in order to report CQI at subframe #n+4 and then reports HARQ-ACK at subframe #n+6. After that UE switches to DL in order to receive MPDCCH again, and at the same time UE also move to another narrowband. This means it is possible to set the frequency hopping interval to 8ms. Figure 1 indicates that UE only measure one specified narrowband every 32ms. For example, NB#0 is measured at subframes #0, #32, #64…, NB#1 is measured at subframes #8, #40, #72…, NB#2 is measured at subframes #16, #48, #80…, and NB#3 is measured at subframes #24, #56, #88… 
It implies that UE only update one of CQI from 4 narrowbands every 8ms, but the CQI indexes of other narrowbands are kept. When UE is required to report the best narrowband and the corresponding CQI index, UE choose one best subband and report it. 
In the CQI definition test, we assume to specify valid subframe setting so that more frequent MPDCCH/PDSCH transmission. We cannot set this parameter for the UE-selected subband test because MPDCCH/PDSCH can be scheduled on the different narrowband at one subframe. According to the RAN1 agreement [3], 
· If scheduled PDSCH reception and MPDCCH monitoring opportunity fully or partially overlap in time and are located at different narrowbands, scheduled PDSCH reception is prioritized over MPDCCH monitoring opportunity

This means UE cannot measure CQIs when PDSCH is not located at different narrowbands. Therefore we propose the DL scheduling as shown in Figure 1. 
We also propose to set the MPDCCH narrowband parameter to 7 in order to avoid colliding with PSS/SSS/PBCH/SIB1 as proposed in another contribution [4]. 
Proposal 1: UE-selected subband test sets MPDCCH frequency hopping interval to 8, and sets MPDCCH narrowband to 7. 
Proposal 2: UE-selected subband test assumes 8ms periodicity of DL scheduling and sets CQI reporting period to 8ms with PUSCH 2-0.
2.2
Simulation result

We have evaluated the UE-selected subband CQI test using the existing metric as follows:
The ratio of the throughput obtained when transmitting on a randomly selected subband among the best M subbands reported by the UE the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected subband in set S shall be ≥ ;

Table 2 shows the wideband median CQI and BLER from the follow-CQI/best narrowband simulation result. Tput gain is a ratio between the throughput of the follow-CQI with best narrowband and throughput of the wideband median CQI with random narrowband. Figure 2 shows the wideband median CQI and throughput gain over SNR. 
If we focus on the CQI indexes between QPSK and 16QAM, the corresponding SNR points are 5dB to 6dB. At these points the throughput gain is more than 1.5. We propose to reuse the same metric as existing PUSCH 2-0 for Cat-M1 UE-selected subband CQI test. 
Proposal 3: Cat-M1 UE UE-selected subband CQI test uses the same metric as existing UE-selected subband CQI test with PUSCH 2-0. The test point is selected to test the median CQI values around the border between QPSK and 16QAM. 

Table 2
Simulation result of subband CQI test.

	SNR [dB]
	BLER
	Wideband median CQI
	Tput gain

	-8
	0.483
	1
	4.392

	-7
	0.424
	2
	1.580

	-6
	0.372
	2
	2.096

	-5
	0.320
	3
	1.674

	-4
	0.284
	3
	2.068

	-3
	0.281
	4
	1.541

	-2
	0.278
	4
	1.869

	-1
	0.259
	4
	2.096

	0
	0.254
	5
	1.700

	1
	0.240
	5
	1.806

	2
	0.236
	6
	1.551

	3
	0.234
	6
	1.628

	4
	0.232
	6
	1.826

	5
	0.235
	7
	1.587

	6
	0.238
	8
	1.540

	7
	0.226
	8
	1.584

	8
	0.225
	9
	1.478

	9
	0.197
	9
	1.544

	10
	0.174
	9
	1.550

	11
	0.147
	10
	1.360
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Figure 2
(Left) Wideband median CQI and (Right) throughput gain.
3
Conclusion

Proposal 1: UE-selected subband test sets MPDCCH frequency hopping interval to 8, and sets MPDCCH narrowband to 7. 

Proposal 2: UE-selected subband test assumes 8ms periodicity of DL scheduling and sets CQI reporting period to 8ms with PUSCH 2-0.
Proposal 3: Cat-M1 UE UE-selected subband CQI test uses the same metric as existing UE-selected subband CQI test with PUSCH 2-0. The test point is selected to test the median CQI values around the border between QPSK and 16QAM. 
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Appendix
MCS table for Cat-M1 UE CQI test
	CQI Index
	Modulation
	Number of PRB
	MCS
	TBS

	0
	DTX
	DTX
	DTX
	DTX

	1
	QPSK
	3
	0
	56

	2
	QPSK
	3
	0
	56

	3
	QPSK
	3
	0
	56

	4
	QPSK
	3
	2
	144

	5
	QPSK
	3
	4
	208

	6
	QPSK
	3
	6
	328

	7
	QPSK
	3
	8
	392

	8
	16QAM
	3
	11
	504

	9
	16QAM
	3
	13
	680

	10
	16QAM
	3
	16
	904

	11
	Reserved
	N/A
	N/A
	N/A

	12
	Reserved
	N/A
	N/A
	N/A

	13
	Reserved
	N/A
	N/A
	N/A

	14
	Reserved
	N/A
	N/A
	N/A

	15
	Reserved
	N/A
	N/A
	N/A
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