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  Introduction

In RAN1#78 and previous RAN1 meetings, the following were agreed.

· Introduce two new UE categories based on data rates of “Categories 9, 10 + additional 256QAM”, it will be approximately 600 Mbps

· New UE categories will have an optional support of 256QAM

· It means that existing categories except for 6 and 7 will be not changed

· For two new UE categories based on data rates of “Categories 9, 10 + additional 256QAM”, change the numbers in the first column from the minimum of 4 values to the maximum of the 4 values in RAN1 #78bis meeting

· Assuming there is no issue supporting any of the 4 combinations

· Whether or not the UE indicates support for 256QAM in a band specific or band agnostic manner should be decided by RAN4
This contribution discusses the details of UE category 11 and 12.

  Discussion

Some example combinations for achieving ~600 Mbps for Category-11/12 are given below (See Annex A for other examples). The table shows that a UE with optional support of 256QAM can achieve 600 Mbps (via CA).

· Based on Cat-9/10 (with 3 CCs) + a fourth CC with data rate corresponding to Cat 4, i.e. ~ 3x150 Mbps + 150 Mbps = 600Mbps. 256QAM support for such UEs can be optional.

· Based on Cat9/10 (with 3CCs) + 256QAM supported on each of the three CCs, i.e. ~3 x200Mbps = 600 Mbps. For such UEs 256QAM support is necessary to achieve the peak data rate. 

For Category-11/12, the first example above provides the highest data rate closest to 600 Mbps. Therefore, the peak data rate and soft buffer size for a Category-11/12 UE should be set to four times that of Category-4 UE.

Proposal 1: For Category-11/12, the maximum number of DL-SCH transport block bits within a TTI is set to 603008 and the total number of soft channel bits is set to 7308288.

There is a possibility that Category-11 and 12 may be supported from Rel-11 onwards. In that case, when the UE is configured with 256QAM for a serving cell, the computation of Nsoft, KC may have to be adjusted in 36.212. In this case, e.g. Nsoft = 3654144, KC=3/2 for 2-layers, and Nsoft = 3654144, KC=3/4 for four layers or Nsoft = 1827072, KC=3/4. Alternatively, the same rate-matching approach used for Category-6 and 256QAM configuration may be reapplied.
Nsoft based on configuration of 256QAM per DL cell

256-QAM can be configured per-serving cell (or a per-CC). In current 36.212 specification, for Rel-12 UE categories, the variable Nsoft is determined based on 256QAM configuration (as shown below). Though it is a common understanding that all parameters in Sec 5.1.4.1.2 are applied on per DL cell basis, “per DL cell” is also included explicitly in one place as shown in yellow highlight. It is proposed to add “per DL cell” explicitly after the blue highlighted text for 256-QAM configuration to maintain consistency in the paragraph. 


[image: image1]
Proposal 2: For Category-11/12/13, clarify that Nsoft for a DL cell is determined based on 256-QAM configuration for that DL cell (example shown in Annex B).

Nsoft and Kc based on configuration of 256QAM for TM1-TM8 for DL cell

Based current 36.212 specification (and the draft modifications to 36.212 to handle Category 11 and 12 circulated by the editor on RAN1 reflector) and assuming total number of soft channel bits is set to 7308288 (as in proposal 1) for Category-11/12, the Nsoft/Kc value for Category-11/12 is compared with that of a Category-6 UE. Nsoft/Kc indicates the soft buffer partition over which an eNB performs rate-matching for the carrier.  

Table 1 indicates that for Category-6, the rate-matching for TM1-TM8 (i.e. CRS-based TMs) is the same irrespective of whether the UE supports up to 2-layers or or more than 2-layers for the DL cell. One motivation for this was that more than 2-layer support for a DL cell applies only to DMRS based TMs (i.e. TM9-TM10) and hence, only the rate-matching for TM9-TM10 change based on number of supported spatial layers. 

If same approach as Category-6 is adopted for Category-11/12, then even with 256-QAM configured, rate-matching for TM1-TM8 should be identical for the two cases (support of up to 2-layers or of more than 2-layers). However, from Table 1 it can be noticed that rate-matching for TM1-TM8 can vary between two cases when 256-QAM is configured i.e. for TM1-TM8, the UE supports a maximum of 2 layers on the downlink while utilizing soft buffer size corresponding to 4-layers. This may not be desirable, and it can lead to increased testing complexity while providing little benefit. Our proposal is that the two values in red highlight should be identical i.e. set to 2436096 i.e. KC is also used for Category-11/12 for TM1-TM8 and 256-QAM is configured.
Proposal 3: For Category 11/12, Kc= 3 is used for a DL cell if the UE is configured with transmission mode 1,2,3,4,5,6,7,8 and 256-QAM.

Table 1. Nsoft/Kc value for Category 6 and Category 11/12.

	
	
	Nsoft/Kc

	 UE category
	Parameters for the cell
	UE supports up to 2-layers
	UE supports more than 2-layers 
	UE supports up to 2-layers
	UE supports more than 2-layers 

	 
	256-QAM configured
	No
	No
	Yes
	Yes

	Cat 6

 
	TM1-TM8
	1827072
	1827072
	1827072
	1827072

	
	TM9,TM10
	1827072
	3654144
	1827072
	3654144

	Cat 11/12

 
	TM1-TM8
	1827072
	1827072
	2436096
	4872192

	
	TM9,TM10
	1827072
	3654144
	2436096
	4872192


Conclusions

In this document we discussed details regarding the new UE categories and propose the following. 

Proposal 1: For Category 11/12, the maximum number of DL-SCH transport block bits within a TTI is set to 603008 and the total number of soft channel bits is set to 7308288.

Proposal 2: For Category 11/12/13, clarify that Nsoft for a DL cell is determined based on 256-QAM configuration for that DL cell.
Proposal 3: For Category 11/12, Kc= 3 is used for a DL cell if the UE is configured with transmission mode 1, 2,3,4,5,6,7,8 and 256-QAM.
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Annex A
Table 2. Combinations that yield 600Mbps data rate

	Number of CCs , Layers per carrier
	256-QAM required for achieving peak data rate?
	Peak data rate
	note



	4 CCs, 2-layers per CC
	No
	603008
	4 x Cat-4, or Cat 9 + Cat-4

	2 CCs, 4-layers per CC
	No
	599104
	2 x Cat-6

	2 CCs, 2-layers per CC

+ 1 CC, 4-layers per CC
	No
	601056
	2xCat-4

+1x Cat-6

	3 CCs, 2-layers per carrier
	Yes
	587376
	Cat9 + 256QAM

	1 CC, 2-layers per CC

+1 CC, 4-layers per CC
	Yes
	587424
	Cat 9 + 256QAM


Annex B

TP 36.212 version 12.2.0, Sec 5.1.4.1.2 corresponding to Proposal 2 

If the UE signals ue-Category-v12xx indicating UE category 0, or if the UE signals ue-Category-v12xx not indicating UE category 0 and is configured by higher layers with any of MCS/CQI-table-configuration, CQI-table-configuration for csi-MeasSubframeSet1-r10 or CQI-table-configuration for csi-MeasSubframeSet2-r10 for the DL cell, Nsoft is the total number of soft channel bits according to the UE category indicated by ue-Category-v12xx. Otherwise, if the UE signals ue-Category-v1020, and is configured with transmission mode 9 or transmission mode 10 for the DL cell, Nsoft is the total number of soft channel bits [4] according to the UE category indicated by ue-Category-v1020 [6]. Otherwise, Nsoft is the total number of soft channel bits [4] according to the UE category indicated by ue-Category (without suffix) [6].
Annex C
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 
	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
	Support for 256QAM in DL

	Category 0 (Note 2)
	1000
	1000
	25344
	1
	No

	Category 1
	10296
	10296
	250368
	1
	No

	Category 2
	51024
	51024
	1237248
	2
	No

	Category 3
	102048
	75376
	1237248
	2
	No

	Category 4
	150752
	75376
	1827072
	2
	No

	Category 5
	299552
	149776
	3667200
	4
	No

	Category 6
	301504 (64QAM)
391632 (256QAM configured; FFS if it is applicable to UEs without 256QAM configuration or capability)
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	3654144
	2 or 4
	Optional

	Category 7
	301504 (64QAM)
391632 (256QAM configured; FFS if it is applicable to UEs without 256QAM configuration or capability)
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	3654144
	2 or 4
	Optional

	Category 8
	2998560
	299856
	35982720
	8
	No

	Category 9
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4
	No

	Category 10
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4
	No

	Category 11
	[587376]
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	[7114752]
	2 or 4
	Optional

	Category 12
	[587376]
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	[7114752]
	2 or 4
	Optional

	Category 13
	3916560
	391656
	47431680
	8
	Yes


From 36.212 version 12.2.0, Sec 5.1.4.1.2, highlighted


If the UE signals ue-Category-v12xx indicating UE category 0, or if the UE signals ue-Category-v12xx not indicating UE category 0 and is configured by higher layers with any of MCS/CQI-table-configuration, CQI-table-configuration for csi-MeasSubframeSet1-r10 or CQI-table-configuration for csi-MeasSubframeSet2-r10, Nsoft is the total number of soft channel bits according to the UE category indicated by ue-Category-v12xx. Otherwise, if the UE signals ue-Category-v1020, and is configured with transmission mode 9 or transmission mode 10 for the DL cell, Nsoft is the total number of soft channel bits [4] according to the UE category indicated by ue-Category-v1020 [6]. Otherwise, Nsoft is the total number of soft channel bits [4] according to the UE category indicated by ue-Category (without suffix) [6].
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