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1. Introduction
The applicability of many CQI tests in TS 36.101 has been defined to be for UE Categories ≥ 1 i.e. including UE Category 1. Nevertheless in some cases the CQI reference channel (RC.) and the corresponding CQI-index to modulation/code scheme (MCS) mapping include indications to transport block sizes (TBS) which are not supported by this low UE Category. This paper analyzes this situation and proposes to adopt the test applicability only to the UE Categories fully supporting the CQI-RMCs used in test.
2. Discussion
According to TS 36.306 the Table 4.1-1 the largest TBS which can be received on DL by a Category 1 UE is 10296 bits.
Table 4.1-1: Downlink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2


Applying this knowledge to TS 36.213 Table 7.1.7.2.1-1, the TBS not supported by UE Category 1 (but still supported by UE Cat 2) have been highlighted in yellow. Please note that the limitation starts first from 15 RBs allocated, while the allocations with more than 50 RBs are out of our scope, since the largest BW used in CQI tests is 10 MHz.
Table 7.1.7.2.1-1: Transport block size table (dimension 27×110)
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The TBS is linked to a TBS index 
[image: image9.wmf]TBS

I

  which is indicated by a corresponding modulation index 
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 (TS 36.213 Table 7.1.7.1-1). The mapping of the reported CQI index to a modulation index is defined for test purposes in TS 36.101 Tables A.4-13/14/15 and describes the simulation assumptions preceding the requirements.
These tables have been provided below, where MCS Schemes containing Imcs indicating to TBS (according to the RB allocation) not supported by UE Category 1 have been highlighted in yellow. 
Table A.4-13: Mapping of CQI Index to Modulation coding scheme (MCS)

	CQI Index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	Notes

	Target Coding Rate
	OOR
	0.0762
	0.1172
	0.1885
	0.3008
	0.4385
	0.5879
	0.3691
	0.4785
	0.6016
	0.4551
	0.5537
	0.6504
	0.7539
	0.8525
	0.9258
	

	Modulation
	OOR
	QPSK
	16QAM
	64QAM
	

	MCS Scheme
	PRB
	Available
RE-s
	Imcs
	

	MCS.1
	50
	6300
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	16
	18
	21
	23
	25
	27
	27
	

	MCS.2
	50
	6000
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	15
	18
	20
	22
	24
	26
	27
	

	MCS.3
	50
	5700
	DTX
	0
	0
	2
	4
	6
	8
	10
	13
	15
	17
	19
	21
	23
	25
	26
	

	MCS.4
	50
	5600
	DTX
	0
	0
	2
	4
	6
	7
	10
	12
	14
	17
	19
	21
	23
	25
	26
	

	MCS.5
	50
	5400
	DTX
	0
	0
	2
	3
	5
	7
	10
	12
	14
	17
	19
	21
	23
	24
	25
	

	MCS.6
	50
	5300
	DTX
	0
	0
	1
	3
	5
	7
	10
	12
	14
	17
	19
	21
	22
	24
	25
	

	MCS.7
	50
	5200
	DTX
	0
	0
	1
	3
	5
	7
	10
	12
	14
	17
	18
	20
	22
	24
	25
	

	MCS.8
	50
	5000
	DTX
	0
	0
	1
	3
	5
	7
	10
	12
	13
	17
	18
	20
	22
	23
	24
	

	MCS.9
	50
	4800
	DTX
	0
	0
	1
	3
	5
	7
	10
	12
	13
	17
	18
	20
	22
	23
	24
	

	MCS.10
	6
	756
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	16
	19
	21
	23
	25
	27
	27
	

	MCS.11
	6
	684
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	14
	17
	20
	21
	23
	25
	27
	

	MCS.12
	6
	672
	DTX
	0
	0
	1
	4
	6
	8
	10
	12
	14
	17
	19
	21
	23
	25
	26
	

	MCS.13
	6
	648
	DTX
	0
	0
	1
	3
	5
	7
	10
	12
	14
	17
	19
	21
	22
	24
	25
	

	MCS.14
	25
	3150
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	16
	18
	21
	23
	25
	27
	27
	

	MCS.15
	15
	1890
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	16
	18
	21
	23
	25
	27
	27
	

	MCS.16
	15
	1800
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	15
	18
	20
	22
	24
	26
	27
	

	MCS.17
	3
	378
	DTX
	0
	1
	2
	5
	7
	9
	12
	13
	16
	19
	21
	23
	25
	27
	27
	

	MCS.18
	50
	5800
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	15
	17
	20
	22
	23
	26
	27
	

	MCS.19
	6
	624
	DTX
	0
	0
	1
	3
	5
	7
	10
	12
	14
	17
	18
	20
	22
	24
	25
	

	MCS.20
	2
	252
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	16
	19
	21
	23
	23
	23
	23
	

	[MCS.21]
	6
	696
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	15
	18
	20
	21
	24
	25
	27
	

	[MCS.22]
	6
	624
	DTX
	0
	0
	1
	3
	5
	7
	10
	12
	14
	15
	19
	20
	22
	24
	24
	

	[MCS.23]
	41
	4264
	DTX
	0
	0
	1
	3
	5
	7
	10
	12
	14
	15
	18
	20
	22
	24
	24
	

	[MCS.24]
	50
	5400
	DTX
	0
	0
	2
	3
	5
	7
	10
	12
	14
	15
	19
	21
	23
	24
	25
	

	[MCS.25]
	50
	5100
	DTX
	0
	0
	1
	3
	5
	7
	8
	12
	13
	15
	18
	20
	22
	23
	24
	

	Note 1:
Mapping between Imcs and TBS according to Tables 7.1.7.1-1 and 7.1.7.2.1-1 in TS 36.213 [6].

Note 2:
3 symbols allocated to PDCCH.

Note 3:
Sub-frame#0 and #5 are not used for the corresponding requirement except for [MCS.23]. The next subframe (i.e. sub-frame#1 or #6) shall be used for potential retransmissions.


Table A.4-14: Mapping of CQI Index to Modulation coding scheme (Modulation and TBS indx Table 2 and 4-bit CQI Table 2 are used) 
	CQI Index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	Notes

	Target Coding Rate
	OOR
	0.0762
	0.1885
	0.4385
	0.3691
	0.4785
	0.6016
	0.4551
	0.5537
	0.6504
	0.7539
	0.6394
	0.6943
	0.7783
	0.8643
	0.9258
	

	Modulation
	OOR
	QPSK
	16QAM
	64QAM
	256QAM
	

	MCS Scheme
	PRB
	Available
RE-s
	Imcs
	

	MCS.1A
	50
	6300
	DTX
	0
	1
	3
	5
	7
	10
	11
	14
	16
	18
	20
	22
	24
	26
	26
	

	MCS.1B
	100
	12600
	DTX
	0
	1
	3
	5
	7
	10
	11
	14
	15
	18
	20
	22
	24
	26
	26
	

	Note 1:
Mapping between Imcs and TBS according to Tables 7.1.7.1-1 and 7.1.7.2.1-1 in TS 36.213 [6].

Note 2:
3 symbols allocated to PDCCH.

Note 3:
Sub-frame#0 and #5 are not used for the corresponding requirement. The next subframe (i.e. sub-frame#1 or #6) shall be used for potential retransmissions.


Table A.4-15: Mapping of CQI Index to Modulation coding scheme (Modulation and TBS indx Table 2 and 4-bit CQI Table 2 are used) 
	CQI Index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	Notes

	Target Coding Rate
	OOR
	0.0762
	0.1885
	0.4385
	0.3691
	0.4785
	0.6016
	0.6826
	0.5537
	0.6504
	0.7539
	0.8525
	0.6943
	0.7783
	0.8643
	0.9258
	

	Modulation
	OOR
	QPSK
	16QAM
	64QAM
	256QAM
	

	MCS Scheme
	PRB
	Available
RE-s
	Imcs
	

	MCS.11A
	6
	684
	DTX
	0
	1
	3
	5
	7
	8
	10
	13
	14
	16
	18
	20
	22
	24
	25
	

	MCS.12A
	6
	672
	DTX
	0
	1
	3
	5
	6
	8
	10
	12
	14
	16
	18
	20
	22
	24
	25
	

	MCS.11B
	8
	912
	DTX
	0
	1
	3
	5
	7
	9
	10
	13
	14
	16
	18
	19
	22
	24
	26
	

	MCS.12B
	8
	896
	DTX
	0
	1
	3
	5
	6
	8
	10
	12
	14
	16
	18
	19
	22
	24
	25
	

	Note 1:
Mapping between Imcs and TBS according to Tables 7.1.7.1-1 and 7.1.7.2.1-1 in TS 36.213 [6].

Note 2:
3 symbols allocated to PDCCH.

Note 3:
Sub-frame#0 and #5 are not used for the corresponding requirement. The next subframe (i.e. sub-frame#1 or #6) shall be used for potential retransmissions.


In the individual tests are however referred the CQI-RMCs and not the MCSs themselves. In TS 36.101 Table A.4-1 (provided below) it is defined which MCS scheme is used by each CSI-RMC. Correspondingly the RMCs using the above mentioned MCS are also highlighted in yellow. For these RMCs the affected tests have been put in the last column (Notes).
Table A.4-1: CSI reference measurement channels

	RMC Name
	Duplex
	CH-BW
	Alloc. RB-s
	UL/DL Config
	Alloc. SF-s
	MCS Scheme
	Nr. HARQ Proc.
	Max. nr HARQ Trans.
	Notes

	1 CRS Port

	RC.1 FDD
	FDD
	10
	50
	-
	
	MCS.1
	8
	1
	9.2.1.1
9.3.2.1.1+
9.3.5.1.1+

	RC.1A FDD
	FDD
	10
	50
	
	
	MCS.1A
	8
	1
	9.2.1.7-

	RC.1 TDD
	TDD
	10
	50
	Note 3
	
	MCS.1
	10
	1
	9.2.1.2
9.3.2.2.1+
9.3.5.2.1+


	RC.1A TDD
	TDD
	20
	100
	Note 3
	
	MCS.1B
	10
	1
	9.2.1.8-

	RC.3 FDD
	FDD
	10
	6
	-
	
	MCS.10
	8
	1
	

	RC.3 TDD
	TDD
	10
	6
	Note 3
	
	MCS.10
	10 or 7 (Note 8)
	1
	

	RC.4 FDD
	FDD
	10
	15
	-
	
	MCS.15
	8
	1
	Note 6

	RC.4 TDD
	TDD
	10
	15
	Note 3
	
	MCS.15
	10
	1
	Note 6

	RC.5 FDD
	FDD
	10
	3
	-
	
	MCS.17
	8
	1
	

	RC.5 TDD
	TDD
	10
	3
	Note 3
	
	MCS.17
	10
	1
	

	RC.14 FDD
	FDD
	5
	25
	-
	
	MCS.14
	8
	1
	9.2.1.1
9.3.2.1.1+

	RC.15 FDD
	FDD
	5
	15
	-
	
	MCS.15
	8
	1
	Note 6

	RC.16 FDD
	FDD/HD-FDD
	10
	2
	
	
	MCS.20
	8
	1
	Note 8,10

	RC.16 TDD
	TDD
	10
	2
	Note 3
	
	MCS.20
	10
	1
	Note 8


	2 CRS Ports

	RC.2 FDD
	FDD
	10
	50
	-
	
	MCS.2
	8
	1
	9.2.1.3+
9.2.1.5-
9.2.2.1-
9.5.1.1-
9.5.3.1-
9.5.4.1-

	RC.2 TDD
	TDD
	10
	50
	Note 3
	
	MCS.2
	7
	1
	9.2.1.4+
9.2.1.6-
9.2.2.2-
9.5.1.2-
9.5.3.2-
9.5.4.2-

	RC.6 FDD
	FDD
	10
	15
	-
	
	MCS.16
	8
	1
	Note 6

	RC.6 TDD
	TDD
	10
	15
	Note 3
	
	MCS.16
	7
	1
	Note 6

	4 CRS Ports

	RC.16 FDD
	FDD
	10
	50
	-
	
	MCS.18
	8
	1
	9.3.7.1

	RC.14 TDD
	TDD
	10
	50
	Note 3
	
	MCS.18
	7
	1
	9.3.7.2

	1 CRS Port + CSI-RS

	RC.8 FDD
	FDD
	10
	6
	-
	Non
CSI-RS
	MCS.11
	8
	1
	

	
	
	
	
	
	2 CSI-RS
	MCS.12
	
	
	

	RC.8A FDD
	FDD
	10
	6
	-
	Non
CSI-RS
	MCS.11A
	8
	1
	

	
	
	
	
	
	2 CSI-RS
	MCS.12A
	
	
	

	RC.8 TDD
	TDD
	10
	6
	Note 3
	Non
CSI-RS
	MCS.11
	10
	1
	

	
	
	
	
	
	2 CSI-RS
	MCS.12
	
	
	

	RC.8A TDD
	TDD
	20
	8
	Note 3
	Non
CSI-RS
	MCS.11B
	10
	1
	

	
	
	
	
	
	2 CSI-RS
	MCS.12B
	
	
	

	RC.9 FDD
	FDD
	10
	50
	-
	Non
CSI-RS
	MCS.3
	8
	1
	9.5.2.1-

	
	
	
	
	
	2 CSI-RS
	MCS.4
	
	
	

	RC.9 TDD
	TDD
	10
	50
	Note 3
	Non
CSI-RS
	MCS.3
	7
	1
	9.5.2.2-

	
	
	
	
	
	2 CSI-RS
	MCS.4
	
	
	

	2 CRS Port + CSI-RS

	RC.7 FDD
	FDD
	10
	50
	-
	Non
CSI-RS
	MCS.5
	8
	1
	9.2.3.1-
9.3.2.2.1

	
	
	
	
	
	4 CSI-RS
	MCS.7
	
	
	

	RC.7 TDD
	TDD
	10
	50
	Note 3
	Non
CSI-RS
	MCS.5
	10
	1
	9.2.3.2-
9.3.2.2.2

	
	
	
	
	
	8 CSI-RS
	MCS.8
	
	
	

	RC.11 FDD
	FDD
	10
	50
	-
	Non
CSI-RS
	MCS.5
	8
	1
	9.3.5.2.1

	
	
	
	
	
	2 CSI-RS
	MCS.6
	
	
	

	RC.11 TDD
	TDD
	10
	50
	Note 3
	Non
CSI-RS
	MCS.5
	10
	1
	9.3.5.2.2

	
	
	
	
	
	2 CSI-RS
	MCS.6
	
	
	

	RC.17 FDD
	FDD
	10
	6
	-
	Non
CSI-RS
	MCS.13
	8
	1
	

	
	
	
	
	
	4 CSI-RS
	MCS.19
	
	
	

	RC.15 TDD
	TDD
	10
	6
	Note 3
	Non
CSI-RS
	MCS.13
	7
	1
	

	
	
	
	
	
	4 CSI-RS
	MCS.19
	
	
	

	[RC TDD eIMTA. 1A] 
	TDD
	10
	6
	Note 3
	4 ZP-CSI-RS
	[MCS.21]
	10
	1
	

	[RC TDD eIMTA. 1B]
	TDD
	10
	6
	Note 3
	4 ZP-CSI-RS
	[MCS.22]
	10
	1
	

	[RC TDD eIMTA. 2A-1] 
	TDD
	10
	41
	Note3
	4 ZP-CSI-RS
	[MCS.23]
	10
	1
	9.2.5

Note 11

	[RC TDD eIMTA. 2A-2] 
	TDD
	10
	50
	Note3
	Non
CSI-RS
	[MCS.24]
	10
	1
	9.2.5

	
	
	
	
	
	2 CSI-RS,

4 ZP-CSI-RS
	[MCS.25]
	
	
	

	1 CRS Port + CSI-RS + CSI-IM

	RC.13 FDD
	FDD
	10
	50
	-
	Non CSI-RS/IM
	MCS.3
	8
	1
	9.5.5.1-

	
	
	
	
	
	CSI-RS/IM
	N/A
	
	
	

	RC.13 TDD
	TDD
	10
	50
	Note 3
	Non CSI-RS/IM
	MCS.3
	10
	1
	9.5.5.2-

	
	
	
	
	
	CSI-RS/IM
	N/A
	
	
	

	2 CRS Port + CSI-RS + CSI-IM

	RC.10 FDD
	FDD
	10
	50
	-
	Non
CSI-RS
	MCS.5
	8
	1
	9.2.4.1-

	
	
	
	
	
	4 CSI-RS, 
1 CSI process
	MCS.8
	
	
	

	RC.10 TDD
	TDD
	10
	50
	Note 3
	Non
CSI-RS
	MCS.5
	10
	1
	9.2.4.2-

	
	
	
	
	
	8 CSI-RS,
1 CSI process
	MCS.9
	
	
	

	RC.12 FDD
	FDD
	10
	6
	-
	Non CSI-RS/IM
	MCS.13
	8
	1
	

	
	
	
	
	
	CSI-RS/IM
	N/A
	
	
	

	RC.12 TDD
	TDD
	10
	6
	Note 3
	Non CSI-RS/IM
	MCS.13
	10
	1
	

	
	
	
	
	
	CSI-RS/IM
	N/A
	
	
	

	Note 1:
3 symbols allocated to PDCCH.

Note 2:
For FDD only subframes 1, 2, 3, 4, 6, 7, 8 and 9 are allocated to avoid PBCH and synchronization signal overhead.

Note 3:
TDD UL-DL configuration as specified in the individual tests.

Note 4:
For TDD when UL-DL configuration 1 is used only subframes 4 and 9 are allocated to avoide PBCH and synchronizaiton signal overhead. 

Note 5:
For TDD when UL-DL configuration 2 is used only subframes 3, 4, 8, and 9 are allocated to avoid PBCH and synchronization signal overhead.

Note 6:
Centered within the Transmission Bandwidth Configuration (Figure 5.6-1).

Note 7:
Only subframes 2, 3, 4, 7, 8 and 9 are allocated to avoid PBCH and synchronization signal overhead.

Note 8:
Allocate PDSCH on 5th and 6th PRBs within a subband.
Note 9: 
The number of HARQ processes is 10 for TDD UL/DL configuration 2 and 7 for TDD UL/DL configuration 1. 
Note 10: 
The downlink subframes are scheduled at the 1st, 2nd, 8th, 9th, 16th, 17th, 18th, 24th, 26th, 32nd, 33rd, 34th subframes every 40ms. Information bit payload is available if downlink subframe is scheduled.(starting from 0th subframe) 
Note 11:
41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in subframe 0 and 5 in [RC TDD eIMTA. 2A-1].


For the affected test cases there are three possible situations:

1) (marked as x.x.x.x-) The test applicability is for UE Categories ≥ 2 
i.e. test is not run for UE Category 1 ( no issue, no further action required
2) (marked as x.x.x.x+) The test applicability is for UE Categories ≥ 1, however the mentioned CQI-RMC is applied only for UE Categories ≥ 2, while UE Category 1 is tested using another dedicated CQI-RMC not containing MCS/Imcs/TBS larger than allowed.
i.e. test is run for UE Category 1 properly (  no issue, no further action required
3) (marked as x.x.x.x) The test applicability is for UE Categories ≥ 1 and there is no additional dedicated UE Category 1 CQI-RMC.
i.e. ( Do we face a real issue here ??
The main discussion concerning 3) is whether the UE may report CQI indexes implying TBS-s larger than the UE Category allows. Considering the variety of purposes the CSI feedback is used for, such reporting might be allowed. However on the other hand this might violate the definition of the CQI report, since it implies the UE could receive exactly the indicated TBS on the reference resources with a BLER not higher than 10%.  The other question is on the network side, how should BS / TE react to such reporting, especially in a UE CQI follow mode. In a real operation, it is up to the network how to cope with such situations. 
For both questions the situation seems to be undetermined, which according to experience means different UE / BS implementations. Nevertheless for conformance testing the UE and the TE behavior shall be determined in order to have a clear and a comparable test verdict. 

Considering all of the above, we judge that situation 3) introduces an issue for testing and should be avoided. 
# Proposal 1: The applicability of CQI tests with respect to UE Category shall consider the full support of CQI-RMC used in the test by each affected UE Category.

In concrete terms for the present specification, the issue in 3) can be solved similarly to situation 1) i.e. restrict the applicability to UE Categories ≥ 2, or similarly to situation 2) i.e. introduce a new dedicated CQI-RMC for UE Category 1. It is not in the intention of this paper to introduce new CQI-RMCs, but just correct the present specification. As such we propose:

# Proposal 2: Restrict the applicability of the affecting test cases to UE Category ≥ 2.

Accepting this proposal, following tests are affected and their applicability should to be changed:

- 9.2.1.1           ≥ 1 ( ≥ 2

- 9.2.1.2           ≥ 1 ( ≥ 2

- 9.2.5              ≥ 1 ( ≥ 2

- 9.3.2.2.1        ≥ 1 ( ≥ 2

- 9.3.2.2.2        ≥ 1 ( ≥ 2

- 9.3.5.2.1        ≥ 1 ( ≥ 2

- 9.3.5.2.2        ≥ 1 ( ≥ 2

- 9.3.7.1           ≥ 1 ( ≥ 2

- 9.3.7.2           ≥ 1 ( ≥ 2

These changes are proposed in a CR in [1].

3. Conclusion
This paper describes an issue, which Category 1 UEs might face in tests using CQI-RMCs not fully supported by these UEs. To be on the safe side and not to fail good UEs just because of unclear test settings, as well as avoid unexpected UE behavior and undetermined test situations it is proposed (# Proposal 2) to reduce the test applicability to UE Category ≥ 2. The change has been formally proposed in the CR in [1]. Additionally it is proposed (# Proposal 1) to avoid such unclarity in the future making the test applicable only to UE Categories with full CQI-RMC support.
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