
3GPP TSG RAN WG2 Meeting #72bis                                                         
R2-110224
Dublin, Ireland, January 17 – 21, 2011
Title: 
Clarification of Rel-10 UE category and MIMO layer capability definition
Source: 
Research In Motion UK Limited

Agenda Item:
7.1.1
Document for: 
Discussion and Decision
1. Introduction 
During RAN#50 meeting, CRs to include new UE categories for Rel-10 were approved [1]

 REF _Ref282083404 \r \h 
[2]. There was some discussion and clarification needed regarding the interpretation of ‘Maximum number of supported layers for spatial multiplexing in DL’ in Table 4.1-1 of TS 36.306 for UE categories 6 to 8.
RAN1 has sent an LS [3] on Rel-10 UE categories to RAN2 during RAN2#72 meeting. The LS is based on RAN1 agreements on the ‘Maximum number of bits of a DL-SCH transport block received within a TTI’ corresponding to the case of four spatial multiplexing layers without carrier aggregation, and to the case of two spatial multiplexing layers per CC when two CCs are configured. 
Further, RAN4 has sent a reply LS [4] to RAN2 on Rel-10 UE categories and MIMO layer capability which indicated that MIMO layer capability per frequency band should be explicitly signalled.
In this contribution we discuss the issues of interpretation of ‘Maximum number of supported layers for spatial multiplexing in DL’ in Table 4.1-1 of TS 36.306 for UE categories 6 to 8, as well as the relationship between the MIMO layers indicated in the UE categories table and the MIMO layer capability explicitly signalled.
2. Discussion
Two aspects related to UE categories and MIMO layer capability are discussed here.
2.1. MIMO layer capability defined in the UE Categories
The UE categories table (Table 4.1-1) in the approved CR [2] is included here for reference. From RAN1 discussion, the ‘Maximum number of supported layers for spatial multiplexing in DL’ for UE categories 6/7 corresponds to the number of layers per CC that is used to derive the ‘Maximum number of bits of a DL-SCH transport block received within a TTI’. However, in the approved CR [2], the ‘Maximum number of supported layers for spatial multiplexing in DL’ is referring to per UE, according to the definition in Section 4.2.3.1 in TS 36.306.
Observation 1: The current definition of the ‘maximum number of supported layers for spatial multiplexing in DL’ in TS 36.306 does not align with the definition used in RAN1 to derive the ‘Maximum number of bits of a DL-SCH transport block received within a TTI’.
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

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3667200
	2 or 4

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3667200
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8


From the RAN1 LS [3], it is not clear if a UE of category 6 or 7 shall support two layers per CC if carrier aggregation is configured and four layers if carrier aggregation is not supported or configured by the network. It is also not clear how this would relate to the explicitly signaled CA band combination, bandwidth class and MIMO layer capability per band. 
Observation 2: The relationship between the MIMO layer capability defined in the UE category and the explicitly signaled MIMO layer capability needs to be clarified.
The example (Table 2) given in RAN4 reply LS [4] on explicitly signaled CA band combination, bandwidth class and MIMO layer capability per band is shown below for illustration. In this example, when CA is not configured, each band only supports two DL MIMO layers, which means a total of two MIMO layers is supported per UE when CA is not configured. When inter-band CA is configured for band 1 and band 5, each band supports two DL MIMO layers, which means a total of four MIMO layers is supported per UE. In this example, it is not clear how to relate the 2 layers and 4 layers defined in the UE categories 6 and 7 with explicitly signaled MIMO layer capability. One possible interpretation is the number of layers indicated in the UE categories table refers to the maximum number of supported layers per CC for spatial multiplexing in DL, used for deriving the corresponding ‘Maximum number of bits of a DL-SCH transport block received within a TTI’ in the table. The actual maximum number of layers supported for a CC is constrained by the explicitly signalled MIMO layer capability for each supported frequency band.
Table 2  E-UTRA CA Band: CA_1-5 (from RAN4 reply LS [4])
	CA/ Non CA
	CA band combinations
	E-UTRA band
	CA BW class
	DL MIMO layers
	UL MIMO layers
	Additional channel bandwidth support indicator

	Non CA
	
	Band 1
	
	2
	1
	

	
	
	Band 5
	
	2
	1
	

	CA
	CA_1-5 (DL)
	Band 1
	Class A
	2
	N/A
	Absent

	
	
	Band 5
	Class A
	2
	N/A
	Absent

	
	N/A
	N/A
	N/A
	N/A
	N/A
	

	
	
	N/A
	N/A
	N/A
	N/A
	


In another example (Table 1) in RAN4 reply LS [4] shown below, when CA is not configured, four MIMO layers are supported per UE on band 1. When intra-band CA is configured, two MIMO layers are supported per UE on band 1. Again, it is not clear how to relate the 2 layers and 4 layers defined in the UE categories 6 and 7 with explicitly signaled MIMO layer capability. As indicated above, the possible interpretation is the number of layers indicated in the UE categories table refers to the maximum number of supported layers per CC for spatial multiplexing in DL, used for deriving the corresponding ‘Maximum number of bits of a DL-SCH transport block received within a TTI’ in the table. Again the actual maximum number of layers supported for a CC is constrained by the explicitly signalled MIMO layer capability for each supported frequency band.
Table 1  E-UTRA CA Band: CA_1 (from RAN4 reply LS [4])
	CA/ Non CA
	CA band combinations
	E-UTRA band
	CA BW class
	DL MIMO layers
	UL MIMO layers
	Additional channel bandwidth support indicator

	Non CA
	
	Band 1
	
	4
	1
	

	CA
	CA_1 (DL)
	Band 1
	Class C
	2
	N/A
	Absent

	
	CA_1 (UL)
	Band 1
	Class C
	N/A
	1
	Absent


Proposal 1: RAN2 to discuss and clarify on how to interpret the ‘Maximum number of supported layers for spatial multiplexing in DL’ defined in the UE categories table in TS 36.306. One possible interpretation is the number of layers indicated in the UE categories table refers to the maximum number of supported layers per CC for spatial multiplexing in DL, used for deriving the corresponding ‘Maximum number of bits of a DL-SCH transport block received within a TTI’ in the table. The actual maximum number of layers supported for a CC is constrained by the explicitly signaled MIMO layer capability for each supported frequency band. See corresponding CR text to TS 36.306 in the Appendix.
2.2. Explicit signalling of MIMO layer capability
As indicated in RAN4 reply LS, MIMO layer capability per frequency band should be explicitly signalled regardless of whether CA is supported on a band. It is unclear if such explicit signalling is mandatory or optional. If it is optional, it is not clear what the default values should be since there are two values of MIMO layers given in UE categories 6 and 7. To avoid the confusion, the value in the UE categories table should not be used as a default value and consequently, explicit MIMO layer capability signalling per frequency band should be mandatory.
Proposal 2: The signaling of MIMO layer capability for each supported frequency band should be mandatory.
3. Conclusions
In this contribution, we discussed several open issues related to the MIMO layer capability defined in the UE categories and the explicitly signalled MIMO layer capability. Here is a summary of our proposals:
Proposal 1: RAN2 to discuss and clarify on how to interpret the ‘Maximum number of supported layers for spatial multiplexing in DL’ defined in the UE categories table in TS 36.306. One possible interpretation is the number of layers indicated in the UE categories table refers to the maximum number of supported layers per CC for spatial multiplexing in DL, used for deriving the corresponding ‘Maximum number of bits of a DL-SCH transport block received within a TTI’ in the table. The actual maximum number of layers supported for a CC is constrained by the explicitly signaled MIMO layer capability for each supported frequency band. See corresponding CR text to TS 36.306 in the Appendix.

Proposal 2: The signaling of MIMO layer capability for each supported frequency band should be mandatory.
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Appendix (proposed CR to TS 36.306)

-------------------------------------Start of the proposed CR------------------------------------------------------

4.2.3
Physical channel parameters in downlink (DL)

4.2.3.1
Maximum number of supported layers for spatial multiplexing in DL

For UE categories 1-5, this parameter defines the maximum number of supported layers for spatial multiplexing per UE.
For UE categories 6-8, this parameter defines the maximum number of supported layers per CC for spatial multiplexing, used for deriving the corresponding ‘Maximum number of bits of a DL-SCH transport block received within a TTI’ in Table 4.1-1. The actual maximum number of layers supported for a CC is constrained by the explicitly signaled MIMO layer capability for each supported frequency band.
-------------------------------------End of the proposed CR------------------------------------------------------

1

