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1. Introduction
In RAN4 #77, intensive discussions on 4RX UE SDR tests got started. Up to Rel-13, there exists a few core features to achieve high data rates, the SDR tests for a target data rate are required with various combination. In results, the structure of the 4-RX UE SDR tests may become very complex due to many feature combinations. Factors tested in the SDR tests are listed as below.
· MCS selection (64QAM and 256QAM)
· Number of MIMO layer configuration (2 layers or 4 layers )

· CA Support (1CA, … 5CA)

· Bandwidth (10MHz, 15MHz, 20MHz)
· EVM impacts and assumption
In order to avoid simply listing up numerous feature combinations for SDR tests, RAN4 will needs reasonable strategies to cover all possible UE implementations. At the same time, right test scopes covering all data rates demanded in market are also important. 
In this contribution, we discuss how to approach to the Rel-13 SDR tests introduction.
2. SDR Test Rules
A goal of Rel-13 SDR test introduction is to test maximum data rate from 4-MIMO layer usecases. The current TS36.101 Chapter 8.7 has SDR test provided by lower layers. First of all, our preference is to reuse the legacy tests as much as possible as RAN4 did for the demod performance test. RAN4 needs to discuss if the legacy 2-layer SDR tests are applicable to 4-RX UE. For 4-layer SDR tests, a new chapter is required, and in the new chapter for 4-layers, all UE capability reports on CA, 256QAM with 4-MIMO layer supports must be indicated for a tester to select applicable SDR tests.
RAN4 has agreed to conduct SDR tests in transmission mode 3. The new SDR tests with high layers can be applicable when the UE supports TM3 with high layers. CRS-TM 4-layer UE capability report signaling below is captured from TS36.331. 
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The SDR test applicability can be read from “fourLayerTM3-TM4-r10” and “fourLayerTM3-TM4-perCC-r12”. Including TM3 4layers support, maximum CA bandwidth and the maximum number of aggregated CC must be declared to apply the SDR tests to 4-RX AP UE as well as 256QAM supports.
Proposal 1 : In order to apply SDR tests to a 4-RX AP UE, the UE needs to declare its capabilities of

i. High MIMO layer support from “fourLayerTM3-TM4-r10” and “fourLayerTM3-TM4-perCC-r12”.

ii. Largest aggregated bandwidth and number of CC with 2-MIMO layers
iii. Largest aggregated bandwidth and number of CC with 4-MIMO layers
iv. Largest aggregated number of CCs with mixed 2-layers and 4-layers 

v. 256QAM support
Any tests should not be applied against UE capability indications.

Based on the UE capabilities, there exist various UE strategies for data rates. A simple way to reduce the number of test combinations among the listed UE capabilities is to separate 2-RX AP SDR tests (Chapter 8.7) and 4-RX AP SDR tests (new chapter). We prefer to start discussion based on the separation of 2-RX SDR tests with 2-layers and 4-RX SDR tests with 4-layers.
Proposal 2 :  SDR tests scopes are considerable as below
i. Based on the RAN4 test applicability rules in [1], legacy 2-RX SDR tests in chapter 8.7 are applied to 4-RX AP UE in the 2-RX mode. Physically, they are tested under 2x2 configurations, since only 2-RX AP will be enabled.
ii. The 2-layer SDR tests in chapter 8.7 are not applied to 4-RX AP UE in the 4-RX mode. The 2-RX tests in (i) can verify enough the 2-layer sustained data rate function effectively. 
iii. A new chapter for SDR tests with 4-MIMO layers are introduced with 64QAM table and 256QAM test table respectively.

iv. Another new chapter for SDR tests with CA usecases with mixed 2-MMIO layer and 4-MIMO layers combination are required (FFS).
About intention of proposal 2 (iii) and (iv), RAN4 may want to avoid to enumerate so many cases of UE data rate strategies. As shown the table A-1, A-2 in Appendix, even 20MHz bands with different layer combinations already generate  many cases. On the top of this, if considering different bandwidth, the number of tests that RAN4 has to define will be quite countless. However, we think that SDR tests also must be carefully reviewed about CA usecases with mixed 2-MMIO layer and 4-MIMO layers. If a maximum data rate is implemented in a UE with CA usecases with mixed 2-MMIO layer and 4-MIMO layers, a SDR test is essential for such cases. We propose to discuss further on what kind of CA usecases can be essential for (iv) cases.
In the next section, we discuss test designs for SDR 4-MIMO layer tests.
3. SDR Test Configurations

In this section, we discuss about SDR tests with 4-MIMO layers first. RAN4 has had discussions UE categories supporting the CRS-TMs with 4-layers, RAN2 spec indicates that CRS-TM 3- and 4 layer support UE capability is defined from Rel-10.  Also as mentioned, the high layers are specifically interested for high data rate, we think there will be no problem to define SDR tests with 4-MIMO layers from UE cat 6. From Table 8.7.1-2 to Table 8.7.1-7 in TS36.101, various data rates with various bandwidth, CA and UE cats are enumerated for SDR tests. We start to discuss based on the existed test format.

Observation 1 : RAN2 spec is written to support CRS-TM 3 and 4 layers from Rel-10. However, RAN4 has not reached to a final agreement for targeting UE cats to apply the performance requirements.

Proposal 3 : As TM9 supports were enabled with 4-layers in Rel-10, we propose to apply the TM3-based SDR tests from UE cat 6.
It is considerable if a UE vender want to support 4-MIMO layers using Cat 5. In the spec, UE cat 5 is supposed to support up to 4-MIMO layers, there has been no SDR tests. We want to further discuss on UE cat 5 usecases, if some have interest in it. 
 [New Chapter 8.X] 4-MIMO layers SDR tests with 64QAM and 256QAM

As we propose in Proposal 2, RAN4 can introduce a new chapter to TS36.101 of “8.X  Sustained downlink data rate provided by higher layers”.
In Rel-13 UEs, the maximum data rate of the Rel-13 UE cat reaches up to 1Gbps, of which basic strategy is to use 5 CA + 2 layers. When accepting the limit of max 1Gbps,  4-MIMO layers + 2-CA + 256QAM achieve 800Mbps, and 4-MIMO layers  + 3-CA + 64QAM achieves 900Mbps as shown table 1. Therefore testcases with the target data rate can be considered {2-CA for 256QAM} and {3-CA for 64QAM} with priority in Rel-13. In other words, if considering more CCs than those, the maximum data rate is exceeded more than 1Gbps. In a case that a company wants to work on beyond 1Gbps SDR tests, RAN4 can discuss at their request. 
Table 1: Maximum data rate achieved by CA, MIMO layers, QAM combination
	
	1-CA
	2-CA
	3-CA
	4-CA
	5-CA

	2-layers /  64QAM
	150Mbps
	300Mbps
	450Mbps
	600Mbps
	750Mbps

	2-layers / 256QAM
	200Mbps
	400Mbps
	600Mbps
	800Mpbs
	1Gbps

	4-layers /  64QAM
	300Mbps
	600Mbps
	900Mbps
	1.2Gbps
	1.5Gbps

	4-layers / 256QAM
	400Mbps
	800Mbps
	1.2Gbps
	1.6Gbps
	2Gbps


Proposal 4 : We propose to introduce 4-layer + 256QAM SDR tests up to 2-CA usecases using UE cat 6 and up-to-date UE cats ( Cat 6,7,910,11,12,15,16)
Proposal 5 : We propose to introduce 4-layer + 64QAM SDR tests up to 3-CA usecases using UE cat 6 and up-to-date UE cats ( Cat 6,7,910,11,12,15,16)
Based on the given modulation and CA in Proposal 4 and 5, the bandwidth combinations are considered same as the lower layer SDR tests in TS36.101 chapter 8.7. Therefore, we propose to adopt 256QAM + 4-layer SDR tests as Table 3, and 64QAM + 4-layer SDR test as Table 4. The remained part is FRC, and currently RAN4 has being discussed the maximum MCS index for SDR tests.

Proposal 6 : We propose to take bandwidth and CA combinations as the legacy SDR tests with lower layers for 4-MIMO layer SDR tests. (refer to Table 3 and Table 4 below)
As reviewed the legacy 2-layer SDR tests, various data rates are tested with a few MCS level. For the 4-layers tests, we think it is not necessary to use only the selected highest MCS for all SDR tests. FRC tables are required to cover {64QAM + code rate 0.5~0.9} and {256QAM + code rate 0.5~0.9} by referring to from Table A.3.9.1-1 to Table A.3.9.2-2 in TS36.101. Details of max code rate selection is presented Table A-1 in this contribution Appendix. 
Proposal 7 : We propose to use mixed MCSes to construct FRC tables for the SDR tests in Table 3 and Table 4.

· Up to MCS26 for 256QAM 
· Up to MCS27 for 64QAM 

Table 3: UE cats and maximum bandwidth for 4 layers + 256QAM SDR tests
	CA config
	Maximum supported Bandwidth/ Bandwidth combination (MHz)
	Cat. 6,7
	Cat. 9,10
	Cat 11,12
	Cat 15
	Cat 16

	Single carrier
	10
	-
	-
	-
	-
	-

	
	15
	-
	-
	-
	-
	-

	
	20
	-
	-
	-
	-
	-

	CA with 2CCs
	10+10
	-
	-
	-
	-
	-

	
	10+15
	-
	-
	-
	-
	-

	
	10+20
	-
	-
	-
	-
	-

	
	15+15
	-
	-
	-
	-
	-

	
	15+5
	-
	-
	-
	-
	-

	
	20+5
	-
	-
	-
	-
	-

	
	15+20
	-
	-
	-
	-
	-

	
	20+20
	-
	-
	-
	-
	-


Table 4 : UE cats and maximum bandwidth for 4 layers + 64QAM SDR tests
	CA config
	Maximum supported Bandwidth/ Bandwidth combination (MHz)
	Cat. 6,7
	Cat. 9,10
	Cat 11,12
	Cat 15
	Cat 16

	Single carrier
	10
	-
	-
	-
	-
	-

	
	15
	-
	-
	-
	-
	-

	
	20
	-
	-
	-
	-
	-

	CA with 2CCs
	10+10
	-
	-
	-
	-
	-

	
	10+15
	-
	-
	-
	-
	-

	
	10+20
	-
	-
	-
	-
	-

	
	15+15
	-
	-
	-
	-
	-

	
	15+5
	-
	-
	-
	-
	-

	
	20+5
	-
	-
	-
	-
	-

	
	15+20
	-
	-
	-
	-
	-

	
	20+20
	-
	-
	-
	-
	-

	CA with 3CCs
	3x20
	-
	-
	-
	-
	-

	
	15+20+20
	-
	-
	-
	-
	-

	
	10+20+20
	-
	-
	-
	-
	-

	
	15+15+20
	-
	-
	-
	-
	-

	
	10+15+20
	-
	-
	-
	-
	-

	
	10+10+20
	-
	-
	-
	-
	-

	
	10+15+15
	-
	-
	-
	-
	-

	
	5+10+20
	-
	-
	-
	-
	-

	
	5+15+20
	-
	-
	-
	-
	-


Overall, we think that there will not be an issue in extending the legacy FRC tables of 2-layer to FRC tables of 4-layer tests. However, there can be target data rates regarded more importantly for market and implementation reasons. In the legacy SDR tests, RB sizes have been given differently per a reference channel with the same data rate. New SDR tests with 4-layer define FRC tables with similar approaches.
Proposal 8 : In the current FRC tables in TS 36.101 A.3.9, RB sizes have been given differently in each reference channel for a target data rate. SDR tests with 4-layer can be defined with FRC tables in similar approaches. 
Proposal 9 : TB success rate decision is up to TX EVM assumption for 64QAM and 256QAM. We prefer to use 3% TX EVM for 4-layer test.
[New chapter 8.Y] Mixed 4-MIMO layers and 2-MIMO layers SDR tests with 64QAM and 256QAM
While 256QAM UE capability report has been defined per an UE, the MIMO layer support UE capability report is defined per a band. Therefore, per a band combination, the maximum data rate can be implemented with various types of feature CA combinations with the number of MIMO layers, but it cannot be various with 64-QAM and 256QAM modulations. Eventually, RAN4 tests will not be able to cover all of the combinations of different bandwidths + 64/256QAM + mixed 2/4 layers.

Therefore, in principle, we prefer not to mix 64QAM and 256QAM combinations in CA usecases in the SDR tests. QAM modulation support is signaled per a UE. Maximum data rate is achieved by one of 64QAM or 256QAM like on-off manner. QAM modulation is either support or not over all bands, so it is more reasonable to design tests in a separate table.  As made in the legacy SDR tests, we prefer to separate 64QAM SDR tests and 256QAM SDR tests.

However, some tests of certain combinations can be demanded in the market, so we want to investigate possible options. First of all, we prefer to make another new chapter in TS 36.101 of “8.Y  Sustained downlink data rate provided by mixed 2 and 4 layers”
Proposal 10 : we prefer not to mix 64QAM and 256QAM combination for SDR tests. SDR test tables are separated between 64QAM and 256QAM as legacy SDR tests.
Based on the separate 64QAM and 256QAM test tables, RAN4 tests the mixed layers cases. For examples, we see some of the maximum target data rate are achievable in these ways below. Therefore, these cases must be interested by operators or some venders.

· (4-layers / 256QAM 2CC) + (2-layers / 256QAM 1CC)  = 1Gbps      ( UE Cat 16 )

· (4-layers / 256QAM 1CC) + (2-layers / 256QAM 2CC)  = 800Mbps ( UE Cat 15 )

· (4-layers / 64QAM   1CC) + (2-layers  / 64QAM  2CC)  = 600Mbps ( UE Cat 11,12 )

· (4-layers / 64QAM   1CC) + (2-layers  / 64QAM  1CC) = 450Mbps ( UE Cat 9,10 )

Then, variations are made only from number of MIMO layers and bandwidth combinations. For example of 2CA case, {2-layers + 4-layers}, {4-layers + 2-layers}. In summary, RAN4 can introduce cases in Table-5 and Table-6 below.
Proposal 11 : we propose 64QAM SDR tests based on Table 5 and Table 6. FRC for tests are TBD.

Proposal 12 : we propose 256QAM SDR tests based on Table 5 and Table 6. FRC for tests are TBD.
Proposal 13 : RAN4 can consider down selection. As one possible way, if a tested UE supports 256QAM, 64QAM SDR tests are not applied.

Table 5 : SDR tests for 2 layers + 4 layers CA

	CA config
	Maximum supported Bandwidth/ Bandwidth combination 
[ A + B (MHz) ]
	MIMO layers in Band A 
	MIMO layers in Band B 

	CA with 2CCs
	10+10
	2 layers
	4 layers

	
	10+15
	2 layers
	4 layers

	
	
	4 layers
	2 layers

	
	10+20
	2 layers
	4 layers

	
	
	4 layers
	2 layers

	
	15+15
	2 layers
	4 layers

	
	15+5
	4 layers
	2 layers

	
	
	2 layers
	4 layers

	
	20+5
	4 layers
	2 layers

	
	
	2 layers
	4 layers

	
	15+20
	4 layers
	2 layers

	
	
	2 layers
	4 layers

	
	20+20
	2 layers
	4 layers


Table 6 : SDR tests for 2 layers + 4 layers 3-CA

	CA config
	Maximum supported Bandwidth/ Bandwidth combination 
 A + B + C(MHz)
	Max MIMO layers in Band A 
	Max MIMO layers in Band B 
	Max MIMO layers in Band C 

	CA with 3CCs
	3x20
	2 layers
	4 layers
	4 layers

	
	
	2 layers
	2 layers
	4 layers

	
	15+20+20
	4 layers
	2 layers
	2 layers

	
	
	2 layers
	4 layers
	4 layers

	
	10+20+20
	4 layers
	2 layers
	2 layers

	
	
	2 layers
	4 layers
	4 layers

	
	15+15+20
	2 layers
	2 layers
	4 layers

	
	
	4 layers
	4 layers
	2 layers

	
	10+15+20
	2 layers
	2 layers
	4 layers

	
	
	2 layers
	4 layers
	2 layers

	
	
	4 layers
	2 layers
	2 layers

	
	
	4 layers
	4 layers
	2 layers

	
	
	4 layers
	2 layers
	4 layers

	
	
	2 layers
	4 layers
	4 layers

	
	10+10+20
	2 layers
	2 layers
	4 layers

	
	
	4 layers
	4 layers
	2 layers

	
	10+15+15
	4 layers
	2 layers
	2 layers

	
	
	2 layers
	4 layers
	4 layers

	
	5+10+20
	2 layers
	2 layers
	4 layers

	
	
	2 layers
	4 layers
	2 layers

	
	
	4 layers
	2 layers
	2 layers

	
	
	4 layers
	4 layers
	2 layers

	
	
	4 layers
	2 layers
	4 layers

	
	
	2 layers
	4 layers
	4 layers

	
	5+15+20
	2 layers
	2 layers
	4 layers

	
	
	2 layers
	4 layers
	2 layers

	
	
	4 layers
	2 layers
	2 layers

	
	
	4 layers
	4 layers
	2 layers

	
	
	4 layers
	2 layers
	4 layers

	
	
	2 layers
	4 layers
	4 layers


4. EVM Assumption

We have another contribution to discuss EVM assumption in [3]. Basically, the EVM values is important not only for UE test purpose, but also for practical 4-layer usecases. Here, we found TX EVM 6% for 64QAM tests is loosen. If it is just only for test simulation purpose, there is not much thing to be discussed meaningfully to select either 3% or 6% EVM as Figure 1. 
	[image: image2.png]



TM3, CFI=1, 64QAM, 4-layers, EVM3%
	[image: image3.png]S wcm, sweow
wcs . 1owe o]





TM3, CFI=1, 64QAM, 4-layers, EVM6%


Figure 1: TM3, 64QAM, 4-layers SDR performance

Proposal 14  : We propose to initiate SDR tests performance studies with

· For 64QAM SDR tests with 4-layers, use MCSes up to MCS27 and TX EVM3%

· For 256QAM SDR tests with 4-layers, use MCSes up to MCS26 and TX EVM3%

5. Conclusions

In this contribution, we provide legacy SDR test application rules and new test preferences on 4-RX SDR test introduction. 
Proposal 1 : In order to apply SDR tests to a 4-RX AP UE, the UE needs to declare its capabilities of

i. High MIMO layer support from “fourLayerTM3-TM4-r10” and “fourLayerTM3-TM4-perCC-r12”.

ii. Largest aggregated bandwidth and number of CC with 2-MIMO layers

iii. Largest aggregated bandwidth and number of CC with 4-MIMO layers

iv. Largest aggregated number of CCs with mixed 2-layers and 4-layers 

v. 256QAM support

     Any tests should not be applied against UE capability indications.

Proposal 2 :  SDR tests scopes are considerable as below

i. Based on the RAN4 test applicability rules in [1], legacy 2-RX SDR tests in chapter 8.7 are applied to 4-RX AP UE in the 2-RX mode. Physically, they are tested under 2x2 configurations, since only 2-RX AP will be enabled.

ii. The 2-layer SDR tests in chapter 8.7 are not applied to 4-RX AP UE in the 4-RX mode. The 2-RX tests in (i) can verify enough the 2-layer sustained data rate function effectively. 

iii. A new chapter for SDR tests with 4-MIMO layers are introduced with 64QAM table and 256QAM test table respectively.

iv. Another new chapter for SDR tests with CA usecases with mixed 2-MMIO layer and 4-MIMO layers combination are required (FFS).
Observation 1 : RAN2 spec is written to support CRS-TM 3 and 4 layers from Rel-10. However, RAN4 has not reached to a final agreement for targeting UE cats to apply the performance requirements.

Proposal 3 : As TM9 supports were enabled with 4-layers in Rel-10, we propose to apply the TM3-based SDR tests from UE cat 6.
Proposal 4 : We propose to introduce 4-layer + 256QAM SDR tests up to 2-CA usecases using UE cat 6 and up-to-date UE cats ( Cat 6,7,910,11,12,15,16)
Proposal 5 : We propose to introduce 4-layer + 64QAM SDR tests up to 3-CA usecases using UE cat 6 and up-to-date UE cats ( Cat 6,7,910,11,12,15,16)
Proposal 6 : We propose to take bandwidth and CA combinations as the legacy SDR tests with lower layers for 4-MIMO layer SDR tests. (refer to Table 3 and Table 4 below)
Proposal 7 : We propose to use mixed MCSes to construct FRC tables for the SDR tests in Table 3 and Table 4.

· Up to MCS26 for 256QAM 
· Up to MCS27 for 64QAM 

Proposal 8 : In the current FRC tables in TS 36.101 A.3.9, RB sizes have been given differently in each reference channel for a target data rate. SDR tests with 4-layer can be defined with FRC tables in similar approaches. 

Proposal 9 : TB success rate decision is up to TX EVM assumption for 64QAM and 256QAM. We prefer to use 3% TX EVM for 4-layer test.
Proposal 10 : we prefer not to mix 64QAM and 256QAM combination for SDR tests. SDR test tables are separated between 64QAM and 256QAM as legacy SDR tests.
Proposal 11 : we propose 64QAM SDR tests based on Table 5 and Table 6. FRC for tests are TBD.

Proposal 12 : we propose 256QAM SDR tests based on Table 5 and Table 6. FRC for tests are TBD.
Proposal 13 : RAN4 can consider down selection. As one possible way, if a tested UE supports 256QAM, 64QAM SDR tests are not applied.

Proposal 14  : We propose to initiate SDR tests performance studies with

· For 64QAM SDR tests with 4-layers, use MCSes up to MCS27 and TX EVM3%

· For 256QAM SDR tests with 4-layers, use MCSes up to MCS26 and TX EVM3%
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Appendix

Table A-1 : Code rate calculation 

	 
	 
	10MHz
	15MHz
	20MHz

	 
	 
	SF0
	SF5
	Other SF
	SF0
	SF5
	Other SF
	SF0
	SF5
	Other SF

	64QAM
	MCS27 TB
	63776
	63776
	63776
	93800
	93800
	93800
	128496
	128496
	128496

	
	Code rate
	0.83
	0.80
	0.78
	0.80
	0.78
	0.77
	0.81
	0.80
	0.79

	
	MCS28 TB
	75376
	75376
	75376
	110136
	110136
	110136
	149776
	149776
	149776

	
	Code rate
	0.98
	0.94
	0.92
	0.94
	0.91
	0.90
	0.94
	0.93
	0.92

	256QAM
	MCS26  TB
	84760
	84760
	84760
	128496
	128496
	128496
	169544
	169544
	169544

	
	Code rate
	0.83
	0.80
	0.78
	0.82
	0.80
	0.79
	0.80
	0.79
	0.78

	
	MCS27 TB
	97896
	97896
	97896
	149776
	149776
	149776
	195816
	195816
	195816

	
	Code rate
	0.95
	0.92
	0.90
	0.95
	0.93
	0.92
	0.93
	0.91
	0.90


Table A-1 (Table 4.1-1 of 36.306): Downlink physical layer parameter values set by the field ue-ategory [2]
	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
	How can a UE achieve the peak data rate

	Category 1
	10296
	10296
	250368
	1
	1CC

	Category 2
	51024
	51024
	1237248
	2
	1CC 2-layer 64QAM

	Category 3
	102048
	75376
	1237248
	2
	1CC 2-layer 64QAM

	Category 4
	150752
	75376
	1827072
	2
	1CC 2-layer 64QAM

	Category 5
	299552
	149776
	3667200
	4
	1CC 4-layer 64QAM; or 2CC 2-layer 64QAM

	Category 6
	301504
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	3654144
	2 or 4
	1CC 4-layer 64QAM; or 2CC 2-layer 64QAM

	Category 7
	301504
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	3654144
	2 or 4
	1CC 4-layer 64QAM; or 2CC 2-layer 64QAM

	Category 8
	2998560
	299856
	35982720
	8
	5CC 8-layer 64QAM

	Category 9
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4
	1CC 4-layer + 1CC 2-layer 64QAM or
3CC 2-layer 64QAM

	Category 10
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4
	1CC 4-layer + 1CC 2-layer 64QAM or
3CC 2-layer 64QAM

	Category 11
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4
	1CC 4-layer 256QAM + 1CC 2-layer 256QAM or 1CC 4-layer 256QAM + 2CC 2-layer 64QAM or 3CC 2-layer 256QAM or 2CC 4-layer 64QAM or 4CC 2-layer 64QAM

	Category 12
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4
	1CC 4-layer 256QAM + 1CC 2-layer 256QAM or 1CC 4-layer 256QAM + 2CC 2-layer 64QAM or 3CC 2-layer 256QAM or 2CC 4-layer 64QAM or 4CC 2-layer 64QAM

	NOTE 1:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.


Table A-2 (Table 4.1A-1 of 36.306): Downlink physical layer parameter values set by the field ue-CategoryDL [2]
	UE DL 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
	How can a UE achieve the peak data rate

	DL Category 0 (Note 2)
	1000
	1000
	25344
	1
	1CC 1-layer

	DL Category 6
	301504
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	3654144
	2 or 4
	1CC 4-layer 64QAM; or 2CC 2-layer 64QAM

	DL Category 7
	301504
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	3654144
	2 or 4
	1CC 4-layer 64QAM; or 2CC 2-layer 64QAM

	DL Category 9
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4
	1CC 4-layer + 1CC 2-layer 64QAM or
3CC 2-layer 64QAM

	DL Category 10
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4
	1CC 4-layer + 1CC 2-layer 64QAM or
3CC 2-layer 64QAM

	DL Category 11
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4
	1CC 4-layer 256QAM + 1CC 2-layer 256QAM or 1CC 4-layer 256QAM + 2CC 2-layer 64QAM or 3CC 2-layer 256QAM or 2CC 4-layer 64QAM or 4CC 2-layer 64QAM

	DL Category 12
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4
	1CC 4-layer 256QAM + 1CC 2-layer 256QAM or 1CC 4-layer 256QAM + 2CC 2-layer 64QAM or 3CC 2-layer 256QAM or 2CC 4-layer 64QAM or 4CC 2-layer 64QAM

	DL Category 13
	391632
	195816 (4 layers, 256QAM)
97896 (2 layers, 256QAM)
	3654144
	2 or 4
	1CC 4-layer 256QAM or 2CC 2-layer 256QAM

	DL Category 14
	3916560
	391656 (8 layers, 256QAM)
	47431680
	8
	5CC 8-layer 256QAM

	DL Category 15
	749856-798800 (Note 3)
	149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM)

75376 (2 layers, 64QAM)

97896 (2 layers, 256QAM)
	9744384
	2 or 4
	2CC 4-layer 256QAM or 4CC 2-layer 256QAM or 1CC 4-layer 256QAM + 2CC 2-layer 256QAM or 1CC 2-layer 256QAM + 4CC 2-layer 64QAM or  1CC 4-layer 64QAM +3CC 2-layer 64QAM or 2CC 4-layer 64QAM + 1CC 2-layer 64QAM or 5CC 2-layer 64QAM

	DL Category 16
	978960 -1051360 (Note 3)
	149776 (4 layers, 64QAM)

195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	12789504
	2 or 4
	2CC 4-layer 256QAM + 1CC 2-layer 256QAM or 1CC 4-layer 256QAM + 3CC 2-layer 256QAM or 5CC 2-layer 256QAM or 3CC 4-layer 64QAM + 1CC 2-layer 64QAM or 2CC 4-layer 64QAM + 3CC 2-layer 64QAM

	NOTE 1:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.
NOTE 2:
Within one TTI, a UE indicating category 0 shall be able to receive up to 1000 bits for a transport block associated with C-RNTI/Semi-Persistent Scheduling C-RNTI/P-RNTI/SI-RNTI/RA-RNTI and up to 2216 bits for another transport block associated with P-RNTI/SI-RNTI/RA-RNTI.
NOTE 3: 
The UE indicating category x shall reach the value within the defined range indicated by “Maximum number of DL-SCH transport block bits received within a TTI” of category x. The UE shall determine the required value within the defined range indicated by “Maximum number of DL-SCH transport block bits received within a TTI” of the corresponding category, based on its capabilities (i.e. CA band combination, MIMO, Modulation scheme).
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