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1. Introduction

The following agreements were achieved by RAN1 according to [1]:

· Existing UE categories (cat 1-5) can be extended in Rel-10 by additional signaling of carrier aggregation (CA) and MIMO capabilities.

· Three UE categories are added in Rel-10, which are complemented by the additional signaling of CA and MIMO capabilities.

Base on RAN1 LS, RAN2 should develop the corresponding signaling to support Rel-10 UE category. However, there are some confusion among RAN1 LS need to be clarified before RAN2 decision on signaling method and format.
2. Review on RAN1 Agreement and Investigate the Potential Confusions
In order to precede RAN2 discussion on possible signalling design to support Rel-10 UE Capability signalling, it is important to ensure RAN2 has correct understanding on the implication behind each RAN1 agreement. The following are two ambiguous points observed from RAN1 LS.

2.1. Confusion on CA Capability
According to RAN1 LS, the following proposal has been agreed:

Proposal 4: For UEs capable of CA, CA capability (bandwidth, number of CCs, band combinations) should be signaled separately from the UE category.
·  Data rates for newly defined UE categories (UE cat 6-8) are based on typical 20 MHz + 20 MHz inter/intra-band CA scenarios

· Other scenarios (e.g., 10MHz + 20MHz) should also be considered

· Existing UE categories (UE cat 1-5) can be extended in Rel-10 by this signaling to indicate support 10 MHz + 10 MHz inter-band CA scenarios

However, it is ambiguous that which CC combinations will be supported by UE under each category. For example, it is stated that 20MHz+20MHz inter/intra-band CA will be supported by UE cat 6-8, but it also noted that the 10MHz+20MHz should also be considered. This will further result in the confusion that whether 10MHz+10MHz+20MHz should also be considered, and if there is any difference between 10MHz+20MHz and 20MHz+10MHz. 
The same confusion may also happen when discussing whether 5MHz CC (e.g. considering UMTS spectrum) should also be considered for 10MHz+10MHz for UE cat 1-5. Without precise understanding on which CC combinations can be supported by UE, eNB may configure the CC that UE cannot process (e.g. due to hardware mismatch). It is important to ensure RAN2 decision on signalling format exactly follow the RAN1 and RAN4 consensus.

Proposal#1: LS Reply to RAN1 and cc to RAN4 to consult which CC combinations will be supported under each UE category

2.2. Confusion on Correlation between CA and MIMO Capabilities
According to RAN1 LS, the following proposal has been agreed:

Proposal 1: UE categories for Rel-10 should be defined in terms of the maximum data rates, and the CA capability and MIMO capability should be signaled separately.

Proposal 6: The maximum number of UL layers and DL layers  (where applicable) supported by the UE should be signaled as UE capabilities

· For the newly defined Rel-10 UE categories (UE cat 6-8 below), if this is a single value for all supported bands or band-dependent is a RAN4 decision

· Limitation in the applicable values for a given UE category is a RAN4 decision
· Existing UE categories (UE cat 1-5) can be extended in Rel-10 with this signaling to support UL MIMO

· The signaling range defined in RAN2 should cover the whole range of layers supported in the RAN1 specifications
· Rel-8/9 UE categories 

	UE category
	Max. Data rate

(DL / UL)

(Mbps)
	DL
	UL

	
	
	Max. num.of DL-SCH TB bits
per TTI
	Max. num. of DL-SCH 

bits 

per TB

per TTI
	Total num. of soft channel bits
	Max. num. of spatial layers
	Max. num. of UL-SCH TB bits per TTI
	Max. num. of UL-SCH bits
per TB

per TTI 
	Support for 64QAM 

	Category 1
	10 Mbps /

5 Mbps
	10296
	10296
	250368
	1
	5160
	5160
	No

	Category 2
	50 Mbps / 

25 Mbps
	51024
	51024
	1237248
	2
	25456
	25456
	No

	Category 3
	100 Mbps / 

50 Mbps
	102048
	75376
	1237248
	2
	51024
	51024
	No

	Category 4
	150 Mbps / 

50 Mbps
	150752
	75376
	1827072
	2
	51024
	51024
	No

	Category 5
	300 Mbps / 

75 Mbps
	299552
	149776
	3667200
	4
	75376
	75376
	Yes


New Rel-10 UE categories

	UE category
	Max. Data rate

(DL / UL)

(Mbps)
	DL
	UL

	
	
	Max. num.of DL-SCH TB bits
per TTI
	[Max. num. of DL-SCH 

bits 

per TB

per TTI]
	Total num. of soft channel bits
	Max. num. of UL-SCH TB bits per TTI
	[Max. num. of UL-SCH bits
per TB

per TTI] 
	Support for 64QAM 

	Category 6
	DL 300 Mbps / 

UL 50 Mbps
	[299552]
	[TBD]
	[3667200]
	[51024 ]
	[TBD]
	No

	Category 7
	DL 300 Mbps /  UL 150 /100 Mbps
	[299552]
	[TBD]
	[TBD]
	[150752/
102048 (Up-to RAN4)]
	[TBD]
	Yes/No

(Up-to RAN4)

	Category 8
	DL [1200] Mbps / 

UL[600] Mbps
	[1200000]
	[TBD]
	[TBD]
	[600000]
	[TBD]
	Yes


Observing the above RAN1 agreement, it is nature to have question on whether all the combinations of CA/MIMO capabilities are valid if UE only the “Max. num. of spatial layers” information is defined.
Take Rel-10 UE Category for example, Category 6 UE may achieve 300Mbps DL transmission rate by using single 20MHz CC with 4 spatial layers. By applying new Rel-10 interpretation according to Proposal#4, Category 5 UE may also support 20MHz+20MHz CA. But this will result in the confusion that why the max. data rate is not doubled as 600MHz when doubling the number of CCs?

The possible interpretation reads like the “Max. num. of spatial layers” for 20MHz+20MHz will be different comparing with the one for single 20MHz CC. This may be the reason why RAN1 does not include the parameter “Max. num. of spatial layers” in the new Rel-10 UE Category table.
In addition, the Appendix of RAN1 LS also contains the following table.

Layers/CA combinations of interest (New Rel-10 UE categories)

DL
	UE category
	DL CA capability [#CCs/BW(MHz)]
	DL layers 
[max #layers]

	Category 6
	1/20MHz
	4

	
	2/10+10MHz
	4

	
	2/20+20MHz
	2

	
	2/10+20MHz
	4 (10MHz) 2(20MHz)

	Category 7
	1/20MHz
	4 

	
	2/10+10MHz
	4

	
	2/20+20MHz
	2

	
	2/10+20MHz
	4 (10MHz) 2(20MHz)

	Category 8
	[2/20+20MHz]
	[8]


It is a reasonable interpretation that not all the CA/MIMO combinations will be supported by UE under each category base on the above observation.

However, RAN2 does not have the knowledge to determine which CA/MIMO combinations will be supported by UE under each category. But RAN2 cannot precede the discussion on signaling method and format without knowing more precise information on this issue. It will be important for RAN2 to learn such information from RAN4 and RAN1.
Proposal#2: LS Reply to RAN1 and cc to RAN4 to consult which CA/MIMO capability combinations will be supported under each UE category

3. Conclusion
This contribution review the RAN1 LS on Rel-10 UE Category and identify the confusion which will result in RAN2 difficulty to proceed the discussion and decision on signalling method and format to support Rel-10 UE capability report. In order to obtain the sufficient information to help RAN2 decision, the following proposals are suggested.
Proposal#1: LS Reply to RAN1 and cc to RAN4 to consult which CC combinations will be supported under each UE category
Proposal#2: LS Reply to RAN1 and cc to RAN4 to consult which CA/MIMO capability combinations will be supported under each UE category

Reference
[1] R1-105095, “LS on Rel-10 UE Category,” RAN1. 
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