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1	Introduction
RAN4#101-bis-e agreed with the way forward on UE demodulation requirements for Rel-17 NB-IoT [1], where RAN4 agreed to define NPDSCH demodulation requirements with 16QAM and CQI reporting requirements. This contribution discusses the open issues on the UE demodulation requirements. 
2	NPDSCH demodulation
	· Option 1: Introduce test cases to verify UE supporting 16QAM reception
· Propagation condition: EPA5
· Number of scheduled subframes and TBS: Use (ITBS, ISF) = (16, 5) which corresponds to TBS = 1928bits and effective code rate 0.51
· Other options are not precluded
· Test metric: 70% max TP for NPDSCH demodulation test for verification of 16QAM reception
· Option 2: Introduce new soft buffer test with 16QAM to verify UE supporting both 16QAM reception and maximum TBS as defined in new TBS table.
· Propagation condition: AWGN
· Number of scheduled subframes and TBS: Use (ITBS, ISF) = (21,7) which corresponds to TBS = 4968
· Other options are not precluded
· Test metric: 85% for SDR test with verification of 16QAM and max TBS



RAN4 so far set NPDSCH demodulation requirements only with fading channel condition such as EPA5, and RAN4 has never discussed to define the SDR requirements not only for NB-IoT but also for the LTE-MTC.
According to the WID [2], one of the objectives is to support 16QAM for NB-IoT to increase in maximum TBS of e.g., 2x the Rel-16 maximum as follows: 
	· Specify 16-QAM for unicast in UL and DL, including necessary changes to DL power allocation for NPDSCH and DL TBS. This is to be specified without a new NB-IoT UE category. For DL, increase in maximum TBS of e.g. 2x the Rel-16 maximum, and soft buffer size will be specified by modifying at least existing Category NB2. For UL, the maximum TBS is not increased. [NB-IoT] [RAN1, RAN4]


If we review the existing NB-IoT Cat-NB2 NPDSCH demodulation requirements in TS36.101 V17.4.0, the largest TBS is set to 936 bits in R.NB.7 FDD and 1032 bits in R.NB.8 FDD. We think it is sufficient to define new NPDSCH with (ITBS, ISF) = (16, 5), corresponding to TBS 1928 bits, to verify the increase of the maximum TBS. We also prefer Option 1 because we can reuse the existing NPDSCH requirements framework. 
Moreover RAN4 also agreed to define CQI reporting test which uses static condition. We may consider to set higher SNR test point in CQI reporting test if companies want to verify larger TBS. 
Proposal 1: RAN4 define new NPDSCH demodulation requirements with 16QAM with fading propagation channel condition. The test metric is the SNR to achieve 70% of the maximum throughput. 
	Test number
	Deployment mode
	Bandwidth
	Carrier type
	TBS/ ITBS
	ISF
	Repetition 
	Propagation condition
	Number of NRS ports
	Antenna configuration

	1
	Stand-alone
	200kHz
	Non-anchor
	1928 / 16
	5
	1
	EPA5
	1
	1x1


 
3	CQI reporting
3.1	CQI reporting specification captured in TS36.133
RAN4 agreed to define CQI reporting requirements for Rel-17 NB-IoT UE in TS 36.101 but capture the CQI table and measurement resource in the RRM specification TS 36.133. Since RAN4#101-bis-e has endorsed the draft CR to define CQI table in TS36.133 [3], we discuss the remaining issues such as measurement resources.
RAN4 has specified MAC-CE based channel quality reporting in TS36.133 8.14.4 in Rel-16, but the channel quality reporting is defined only for the minimum NPDCCH repetition level to satisfy the hypothetical NPDCCH block error rate of 1%. On the other hand, Rel-17 channel quality table includes both NPDCCH repetition level and NPDSCH MCS/code rate/repetition. Since RAN1 agreed not to specify any definition of the CQI table, RAN4 need to specify the definition of CQI table. We propose the following definition based on TS36.133 8.14.4 and TS36.213 7.2.3.
Proposal 2: RAN4 defines the Rel-17 channel quality reporting in TS36.133 as follows:
· The minimum NPDCCH repetition level to satisfy the hypothetical NPDCCH block error rate of 1%, and
· A single NPDSCH transport block with a combination of modulation scheme and transport block size corresponding to the reported value in TS36.133 Table 9.1.22.17, could be received with a transport block error probability not exceeding 0.1.
Since the Rel-17 NB-IoT CQI table has two metrics; 1) PDCCH repetition level and 2) NPDSCH MCS/code rate/repetition, RAN4 also need to define how UE determines the reporting value in case UE determines different candidate value, for example, UE choose candidateRep-B with regard to NPDCCH repetition level but UE choose candidateRep-D with regard to NPDSCH MCS/code rate/repetition. 
Proposal 3: RAN4 specify the Rel-17 channel quality reporting in TS36.133 as follows:
· UE shall report the NPDCCH repetition level, if the chosen minimum NPDCCH repetition level is more than 1. Otherwise UE shall report the NPDSCH transport block with a combination of modulation scheme and transport block size. The report mapping is defined in TS36.133 Table 9.1.22.17.
According to TS36.133 8.4.4, UE shall derive the channel quality measured over the NPDCCH period carrying the UL grant. This specification makes sense because Rel-16 channel quality only reports the NPDCCH repetition level. For Rel-17 CQI reporting, however, UE also need to estimate NPDSCH MCS satisfying BLER=10%. One concern is the NPDCCH transmission period carrying the UL grant is too short (e.g., 1 subframe) to estimate CQI especially in the case NPDCCH is transmitted without repetition. For Rel-17 NB-IoT CQI reporting, we propose to assume the measurement period is assumed from the time UE receives MAC CE based channel quality report command to the time UE receives the NPDCCH carrying the UL grant to ensure the longer measurement period. 
Proposal 4: RAN4 specify the CQI measurement resource in TS36.133 as follows:
· The reported value shall be derived from the channel quality measured from the time UE finishes the decode of Downlink Channel Quality report MAC CE to the end of NPDCCH period with carries the uplink grant of channel quality report for measurement of DL channel quality of the configured carrier.
Figure 1 illustrates an example of UL/DL scheduling for CQI reporting for Cat-NB2 UE. Since the CQI reporting is applicable only for Cat-NB2 UE configured with 16QAM, we expect UE is in high SNR condition. Therefore we can assume BS does not need to transmit NPDCCH with repetitions (i.e., 1 subframe). 
[image: ]
[bookmark: _Ref91169591]Figure 1	Measurement period for MAC CE based channel quality reporting for NB-IoT.
We have also provided the TP to TS36.133 in Appendix A.3. 
3.2	Test setup for CQI reporting test for NB-IoT supporting 16QAM
Although this is the first release RAN4 specifies CQI reporting requirements for NB-IoT UEs, we can reuse the existing CQI reporting test framework specified for LTE Cat-M1 UE. 
Proposal 5: The test metric of NB-IoT CQI reporting definition test is set as follows:
· The reported candidateRep value shall be in the range of +/- 1 of the reported median more than 90% of the time. 
· If the NPDSCH BLER using the transport format indicated by median candidateRep value is less than or equal to 0.1, the BLER using the transport format indicated by the (median candidateRep value + 1) shall be greater than 0.1. 
· If the NPDSCH BLER using the transport format indicated by the median candidateRep value is greater than 0.1, the BLER using transport format indicated by (median candidateRep value – 1) shall be less than or equal to 0.1.
Since the existing UE Cat-M1 CQI reporting definition test assumes the single CRS port with static condition without HARQ retransmission, we propose the similar test setup. 
Proposal 6: RAN4 assume the following test setup for NB-IoT UE CQI reporting definition test:
· Applicability: Cat-NB2 UE capable of 16QAM
· Deployment mode: stand-alone
· Carrier type: Non anchor carrier (to avoid overhead)
· Number of NRS ports: 1
· Antenna configuration: 1x1
· Propagation condition: AWGN
· No HARQ retransmission
As we discussed in 3.1, CQI report for NB-IoT is requested via MAC CE. According to MAC procedure, the downlink channel quality report command MAC CE is transmitted on NPDSCH and it requires 8 bits. After UE transmits ACK for NPDSCH for MAC CE, eNB simulator will transmit the UL grant to report the downlink channel quality report and AS RAI MAC CE on NPUSCH format 1, and it requires 16bits.
Figure 2 shows our proposal on the scheduling for CQI reporting test for NB-IoT with HD-FDD. In our understanding, since CQI reporting is applicable only for Cat-NB2 UE supporting 16QAM, we assume the operating SNR points are high and therefore NPDCCH/NPDSCH/NPUSCH does not require repeated transmission. In this case we can configure Rmax=4 and NPDCCH-startSF-USS=2, which results NPDCCH UE specific search space is scheduled every 8ms. Please note that 8ms is the minimum NPDCCH UE specific search space period. We can configure ISF=1 for NPDSCH and IRU=1 for NPUSCH format 1 because MAC CE for CQI requirements up to 16 bits. Based on the observations, CQI reporting period can be 40ms and CQI delay can be 14ms. 
[image: ]
[bookmark: _Ref89862207]Figure 2	Scheduling for CQI reporting test for NB-IoT (HD-FDD). 

Proposal 7: RAN4 assume the scheduling of CQI reporting test for NB-IoT with HD-FDD based on the following configurations:
· Rmax (npdcch-NumRepetitions): 4
· G (nPDCCH-startSF-USS): 2
· Repetition numbers of NPDCCH and NPUSCH: 1
· ISF=1 for NPDSCH and IRU=NPUSCH format 1 to transmit MAC CE
· CQI reporting period: 40ms
· CQI delay: 14ms
We should focus on the SNR test point to report the index corresponding to 16QAM, because the purpose of introducing the CQI reporting is to perform the efficient DL scheduling for 16QAM.
Proposal 8: RAN4 sets SNR test point for NB-IoT CQI reporting test so that the reported value corresponds to 16QAM, i.e, candidateRep-K to candidateRep-O.
If RAN1 agree that 16QAM is applicable for NB-IoT in TDD, RAN4 may need to discuss whether to define CQI reporting test for TDD NB-IoT and if defined, RAN4 need to discuss the detailed scheduling, e.g., CQI reporting period and CQI delay.
Proposal 9: RAN4 discuss whether to define CQI reporting test for TDD NB-IoT if RAN1 agree that 16QAM is applicable for NB-IoT in TDD. If defined, RAN4 need to discuss the detailed scheduling.
4	Summary
Proposal 1: RAN4 define new NPDSCH demodulation requirements with 16QAM with fading propagation channel condition. The test metric is the SNR to achieve 70% of the maximum throughput. 
	Test number
	Deployment mode
	Bandwidth
	Carrier type
	TBS/ ITBS
	ISF
	Repetition 
	Propagation condition
	Number of NRS ports
	Antenna configuration

	1
	Stand-alone
	200kHz
	Non-anchor
	1928 / 16
	5
	1
	EPA5
	1
	1x1



Proposal 2: RAN4 defines the Rel-17 channel quality reporting in TS36.133 as follows:
· The minimum NPDCCH repetition level to satisfy the hypothetical NPDCCH block error rate of 1%, and
· A single NPDSCH transport block with a combination of modulation scheme and transport block size corresponding to the reported value in TS36.133 Table 9.1.22.17, could be received with a transport block error probability not exceeding 0.1.
Proposal 3: RAN4 specify the Rel-17 channel quality reporting in TS36.133 as follows:
· UE shall report the NPDCCH repetition level, if the chosen minimum NPDCCH repetition level is more than 1. Otherwise UE shall report the NPDSCH transport block with a combination of modulation scheme and transport block size. The report mapping is defined in TS36.133 Table 9.1.22.17.
Proposal 4: RAN4 specify the CQI measurement resource in TS36.133 as follows:
· The reported value shall be derived from the channel quality measured from the time UE finishes the decode of Downlink Channel Quality report MAC CE to the end of NPDCCH period with carries the uplink grant of channel quality report for measurement of DL channel quality of the configured carrier.
Proposal 5: The test metric of NB-IoT CQI reporting definition test is set as follows:
· The reported candidateRep value shall be in the range of +/- 1 of the reported median more than 90% of the time. 
· If the NPDSCH BLER using the transport format indicated by median candidateRep value is less than or equal to 0.1, the BLER using the transport format indicated by the (median candidateRep value + 1) shall be greater than 0.1. 
· If the NPDSCH BLER using the transport format indicated by the median candidateRep value is greater than 0.1, the BLER using transport format indicated by (median candidateRep value – 1) shall be less than or equal to 0.1.
Proposal 6: RAN4 assume the following test setup for NB-IoT UE CQI reporting definition test:
· Applicability: Cat-NB2 UE capable of 16QAM
· Deployment mode: stand-alone
· Carrier type: Non anchor carrier (to avoid overhead)
· Number of NRS ports: 1
· Antenna configuration: 1x1
· Propagation condition: AWGN
· No HARQ retransmission
Proposal 7: RAN4 assume the scheduling of CQI reporting test for NB-IoT with HD-FDD based on the following configurations:
· Rmax (npdcch-NumRepetitions): 4
· G (nPDCCH-startSF-USS): 2
· Repetition numbers of NPDCCH and NPUSCH: 1
· ISF=1 for NPDSCH and IRU=NPUSCH format 1 to transmit MAC CE
· CQI reporting period: 40ms
· CQI delay: 14ms
Proposal 8: RAN4 sets SNR test point for NB-IoT CQI reporting test so that the reported value corresponds to 16QAM, i.e, candidateRep-K to candidateRep-O.
Proposal 9: RAN4 discuss whether to define CQI reporting test for TDD NB-IoT if RAN1 agree that 16QAM is applicable for NB-IoT in TDD. If defined, RAN4 need to discuss the detailed scheduling.
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Appendix
A.1	TBS table for NPDSCH with 16QAM
[bookmark: _Ref89780858]Table 1	TBS table applicable for NPDSCH with 16QAM.
	
	ISF
	
	

	ITBS
	0
	1
	2
	3
	4
	5
	6
	7
	NPSDCH with 16QAM

	0
	16
	32
	56
	88
	120
	152
	208
	256
	
	

	1
	24
	56
	88
	144
	176
	208
	256
	344
	
	

	2
	32
	72
	144
	176
	208
	256
	328
	424
	
	

	3
	40
	104
	176
	208
	256
	328
	440
	568
	
	

	4
	56
	120
	208
	256
	328
	408
	552
	680
	
	

	5
	72
	144
	224
	328
	424
	504
	680
	872
	
	

	6
	88
	176
	256
	392
	504
	600
	808
	1032
	
	

	7
	104
	224
	328
	472
	584
	680
	968
	1224
	
	

	8
	120
	256
	392
	536
	680
	808
	1096
	1352
	
	

	9
	136
	296
	456
	616
	776
	936
	1256
	1544
	
	

	10
	144
	328
	504
	680
	872
	1032
	1384
	1736
	
	

	11
	176
	376
	584
	776
	1000
	1192
	1608
	2024
	IB
	

	12
	208
	440
	680
	904
	1128
	1352
	1800
	2280
	IB
	

	13
	224
	488
	744
	1032
	1256
	1544
	2024
	2536
	IB
	

	14
	256
	552
	840
	1128
	1416
	1736
	2280
	2856
	IB
	GB/SA

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112
	IB
	GB/SA

	16
	296
	632
	968
	1288
	1608
	1928
	2600
	3240
	IB
	GB/SA

	17
	336
	696
	1064
	1416
	1800
	2152
	2856
	3624
	IB
	GB/SA

	18
	376
	776
	1160
	1544
	1992
	2344
	3112
	4008
	
	GB/SA

	19
	408
	840
	1288
	1736
	2152
	2600
	3496
	4264
	
	GB/SA

	20
	440
	904
	1384
	1864
	2344
	2792
	3752
	4584
	
	GB/SA

	21
	488
	1000
	1480
	1992
	2472
	2984
	4008
	4968
	
	GB/SA



A.2	CQI table for NB-IoT supporting 16QAM
[bookmark: _Ref89782340]Table 2	CQI table for NB-IoT supporting 16QAM (TS36.133 Table 9.1.22.17)
	
	NPDCCH repetition level
	NPDSCH transport block

	Reported value
	
	Modulation
	Code rate 
(x 1024)
	Repetition
	Efficiency

	noMeasurement
	No measurement reporting
	
	
	
	

	candidateRep-A
	1
	QPSK
	221
	1
	0.4316

	candidateRep-B
	2
	QPSK 
	280
	1
	0.2737

	candidateRep-C
	4
	QPSK 
	81
	1
	0.1579

	candidateRep-D
	8
	QPSK
	81
	2
	0.0789

	candidateRep-E
	16
	QPSK 
	81
	4
	0.0395

	candidateRep-F
	32
	QPSK
	81
	8
	0.0198

	candidateRep-G
	1
	QPSK
	336.8
	1
	0.6579

	candidateRep-H
	1
	QPSK
	453.6
	1
	0.886

	candidateRep-I
	1
	QPSK
	579.4
	1
	1.1316

	candidateRep-J
	1
	QPSK
	759
	1
	1.4825

	candidateRep-K
	1
	16QAM
	487.3
	1
	1.9035

	candidateRep-L
	1
	16QAM
	541.2
	1
	2.114

	candidateRep-M
	1
	16QAM
	658
	1
	2.5702

	candidateRep-N
	1
	16QAM
	783.7
	1
	3.0614

	candidateRep-O
	1
	16QAM
	837.6
	1
	3.2719




A.3	TP to TS36.133 on CQI reporting
----------------------------------------------------- Beginning of Change ------------------------------------------------------------
8.14.5	Connected mode channel quality report for UE Category NB2 supporting 16QAM
The requirements in this clause shall apply for UE Category NB2 supporting 16QAM for unicast PDSCH as defined in TS 36.331 [2] when triggered by the MAC-CE command as specified in TS 36.321 [17]. 
The DL channel quality provides the serving eNB with the information about,
-	The minimum NPDCCH repetition level to satisfy the hypothetical NPDCCH block error rate of 1% with the parameters specified in Table 8.14.4-1, and
-	A single NPDSCH transport block with a combination of modulation scheme and transport block size corresponding to the reported value in Table 9.1.22.17, could be received with a transport block error probability not exceeding 0.1.
UE shall report the NPDCCH repetition level, if the chosen minimum NPDCCH repetition level is more than 1. Otherwise UE shall report the NPDSCH transport block with a combination of modulation scheme and transport block size. The report mapping is defined in Table 9.1.22.17.

Table 8.14.5-1: NPDCCH transmission parameters for downlink quality reporting
	Parameters
	Values

	DCI format
	Format N1

	Number of information bits (excluding CRC)
	23bits

	System bandwidth
	200kHz

	Aggregation level
	2

	DRX
	OFF



The reported value shall be derived from the channel quality measured from the time UE finishes the decode of Downlink Channel Quality report MAC CE to the end of NPDCCH period with carries the uplink grant of channel quality report for measurement of DL channel quality of the configured carrier. 
The UE shall satisfy the downlink channel quality reporting requirements as specified in TS36.101 [5].
 
------------------------------------------------------------- End of change ------------------------------------------------------------
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