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1
Introduction
RAN4#78 agreed the simulation assumption for Cat-M1 UE CQI test requirements [1]. In this contribution we show our simulation results.
2
CQI definition test
2.1
Scheduling pattern

Table 1 is the simulation assumption agreed in [1]. We discuss the detailed DL scheduling for CQI definition test.
Table 1
CQI definition test parameters
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	1

	Downlink power allocation
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	dB[mW/15kHz]
	-98
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI reporting
	
	PUCCH Format 2

	PUCCH Report Type
	
	4

	Reporting periodicity 
	ms
	Npd = [40]

	cqi-pmi-ConfigurationIndex
	
	[43]

	Frequency hopping
	
	OFF

	Starting OFDM symbol (startSymbolLC)
	
	3

	M-PDCCH repetition level
	
	1

	PDSCH repetition level
	
	1


The difference of Cat-M1 UE from the legacy LTE is the cross-subframe scheduling of control channel (MPDCCH) and data channel (PDSCH). According to RAN1 decision, when UE receive MPDCCH indicating DL data scheduling at subframe #n, the PDSCH is transmitted 2 subframes later the last subframe of MPDCCH (#n+2). We assume the MPDCCH does not use repetition because UE reporting higher CQI index should be on the good SNR location. Therefore PDSCH is scheduled on subframe #n+2 only without repetition. Then UE should transmit the corresponding HARQ-ACK 4 subframes after the last subframe of PDSCH, and that corresponds to subframe #n+6. If we consider half-duplex FDD, we need assume the 1ms gap between uplink and downlink. We can assume subframe #n+3 and #n+7 the switching gap. In summary we can assume the DL scheduling with 8ms of periodicity, and this scheduling is illustrated in Figure 1. Note that we assume MPDCCH and PDSCH are transmitted on the same narrowband without frequency hopping, where MPDCCH uses 2PRB and PDSCH use 3PRB (See appendix). 
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Figure 1
DL scheduling assumption for CQI definition test.
The remaining open issue is the CQI reporting periodicity parameter Npd. According to RAN1 specification (Table 7.2.2-1A in [2]), the possible parameter for FDD is {2, 5, 10, 20, 40, 80, 160}. If we assume 8ms periodicity, the minimum possible CQI/PMI reporting periodicity is 40ms. Also if we assume the Noffset,CQI to 6, cqi-pmi-ConfigurationIndex=43. 
Proposal 1: CQI definition test assumes 8ms periodicity of DL scheduling and sets CQI reporting period to 40ms.

2.2
Simulation result
We have evaluated the simulation result with the same metric as Cat-0 UE CQI definition test as follows:
The reported CQI value shall be in the range of ±1 of the reported median more than 90% of the time. If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, the BLER using the transport format indicated by the (median CQI + 1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, the BLER using transport format indicated by (median CQI – 1) shall be less than or equal to 0.1.

Figure 2 shows the median CQI from the follow-CQI simulation result. If we focus on the CQI index values 7 and 8, which is the switching point between QPSK and 16QAM, the corresponding SNR values are 4dB and 5dB in our simulation result. Table 2 is the simulation analysis. If we focus on SNR=4dB and 5dB, the BLER values with the median CQI are both less than 0.1, and the BLER values at CQI+1 are greater than 0.1. Therefore we can conclude the existing metric for CQI definition test can be used for Cat-M1 UE CQI definition test also. 
Proposal 2: Cat-M1 UE CQI definition test uses the same metric as existing Cat-0 UE. The test point is selected to test the median CQI values around the border between QPSK and 16QAM. 
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Figure 2
Median CQI for CQI definition test.
Table 2
Simulation results of CQI definition test
	SNR [dB]
	Median CQI
	Probability of median CQI +/- 1 [%]
	BLER at fixed median CQI
	BLER at fixed median CQI-1
	BLER at fixed median CQI+1

	-9
	1
	99.92
	0.602
	N/A
	0.979

	-8
	1
	98.96
	0.303
	N/A
	0.880

	-7
	2
	99.84
	0.591
	0.091
	0.983

	-6
	2
	99.92
	0.219
	0.016
	0.840

	-5
	3
	99.84
	0.424
	0.035
	0.971

	-4
	3
	100
	0.076
	0.003
	0.674

	-3
	4
	100
	0.137
	0.005
	0.995

	-2
	4
	100
	0.004
	0.000
	0.789

	-1
	5
	100
	0.136
	0.000
	0.997

	0
	5
	100
	0.002
	0.000
	0.729

	1
	6
	100
	0.049
	0.000
	0.997

	2
	6
	100
	0.001
	0.000
	0.637

	3
	7
	100
	0.022
	0.000
	0.998

	4
	7
	100
	0.001
	0.000
	0.588

	5
	8
	100
	0.007
	0.000
	0.999

	6
	8
	100
	0.000
	0.000
	0.594

	7
	9
	100
	0.006
	0.000
	0.998

	8
	9
	100
	0.000
	0.000
	0.450

	9
	10
	100
	0.005
	0.000
	N/A

	10
	10
	100
	0.001
	0.000
	N/A


3
UE-selected subband CQI test
3.1
Scheduling pattern
Table 3 is the simulation assumption agreed in [1]. We discuss the detailed DL scheduling for UE-selected subband CQI test.
Table 3
UE-selected subband CQI test parameters.

	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Downlink power allocation
	
[image: image7.wmf]A

r


	dB
	0

	
	
[image: image8.wmf]B

r


	dB
	0

	
	(
	dB
	0

	 SNR (Note 3)
	 dB
	FFS
	FFS

	
[image: image9.wmf])

(

ˆ

j

or

I


	dB[mW/15kHz]
	FFS
	FFS

	
[image: image10.wmf])

(

j

oc

N


	dB[mW/15kHz]
	-98
	-98

	Propagation channel
	
	[Clause B.2.4 with 
[image: image11.wmf]45

.

0

=

d

t

s, a = 1, 
[image: image12.wmf]5

=

D

f

Hz]

	Reporting interval
	ms
	[8]

	CQI delay
	ms
	[8]

	Reporting mode
	
	PUSCH 2-0

	Max number of HARQ transmissions
	
	1

	Number of preferred subbands (M)
	
	[4]

	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 3 illustrates the assuming DL pattern for UE-selected subband CQI test using PUSCH 2-0. In RAN4#78, we agreed to set the number of narrow bands 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. As same as the CQI definition test, we assume MPDCCH and PDSCH can 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 good SNR point.
We assume MPDCCH transmitting at subfrane #n includes both CQI reporting request and DL data scheduling 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 3 indicates that UE can monitor the specified narrowband once per 32ms only when UE receive MPDCCH. For example, narrowband #0 is monitored at subframe #0, narrowband #1 is monitored at subframe #8, narrowband #2 is monitored at subframe #16, and narrowband #3 is monitored at subframe #24. Although CQI reporting periodicity is set to 8ms, UE only update one of CQI from 4 narrowbands, and other CQI values are same as last CQI reporting. BS schedules the PDSCH on the narrowband with one of the best CQI values.

Note we set the MPDCCH narrowband parameter to 7 in order to avoid colliding with PSS/SSS/PBCH [3]. 

Proposal 3: UE-selected subband test assumes 8ms periodicity of DL scheduling and sets CQI reporting period to 8ms with PUSCH 2-0.
[image: image13.png]«—8ms———>

= W]
i 7 o
S | cmmc ¥ s D i e

UL Narrowband

[ MPDCCH (2PRB, AL x2)
[ oscr (3pre)

. PUCCH for ACK

. PUSCH for CQI (RM 2-0)




Figure 3
DL scheduling assumption for UE-selected subband CQI test.

3.2
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 4 shows the wideband median CQI and BLER from the follow-CQI/best narrowband simulation result. Tput gain is a ratio between the throughput with the follow-CQI/best narrowband and throughput with the wideband median CQI/random narrowband. Figure 4 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 set the same metric as existing PUSCH 2-0 for Cat-M1 UE-selected subband CQI test also. 
Proposal 4: 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 4
Simulation result of subband CQI test.

	SNR [dB]
	BLER
	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 4
(Left) Wideband median CQI and (Right) throughput gain.
4
Conclusion

Proposal 1: CQI definition test assumes 8ms periodicity of DL scheduling and sets CQI reporting period to 40ms.

Proposal 2: Cat-M1 UE CQI definition test uses the same metric as existing Cat-0 UE. The test point is selected to test the median CQI values around the border between QPSK and 16QAM. 

Proposal 3: UE-selected subband test assumes 8ms periodicity of DL scheduling and sets CQI reporting period to 8ms with PUSCH 2-0.
Proposal 4: 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


7

_1367244747.unknown

_1367244748.unknown

_1283527292.unknown

_1292876228.unknown

_1298914188.unknown

_1283527252.unknown

