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1 Introduction
In RAN4 #ad hoc meeting in Xi’an, issues related to UE CA/MIMO capabilities were discussed [1]. Some issues need to be further study. In this paper, we further discuss on the flowing issues:
· How should number of downlink spatial layers and downlink CA bandwidth class be linked?
· How should number of uplink spatial layers and CA bandwidth class be linked?
· Should supported channel bandwidth be signalled for each E-UTRA band in the CA band combinations?
2 Discussion
2.1 Signalling for CA capability
RAN4 has an agreement that using E-UTRA CA band and CA bandwidth class jointly to indicate UE CA capability [2]. E-UTRAN CA bands define the operating band of carrier aggregation. Similarly as Rel-8/Rel-9 using band index indicates the band, EUTRAN CA bands can be indicated by CA band index.  Currently, 3 CA bands (that is, CA_1, CA_40 and CA_1-5) are defined [3]. The new CA bands will be added when more deployment scenarios are agreed, then more CA band index will be allocated. CA bandwidth class defines the range of aggregated transmission bandwidth configuration and the number of CC per CA bandwidth class. 6 CA bandwidth classes are defined currently as shown in Table 1. It should be noted that the definition of CA bandwidth class further limit the UE CA capability to the multiple of 20MHz. For example, even the maximum bandwidth for one CA deployment scenarios is 30MHz, UE must have the capability of 40MHz.

Table 1 CA Bandwidth Class  
	CA Bandwidth Class
	Aggregated Transmission Bandwidth Configuration
	Maximum number of CC

	A
	NRB,agg ≤ 100
	1

	B
	NRB,agg ≤ 100
	[2]

	C
	100 < NRB,agg ≤ 200
	[2]

	D
	200 < NRB,agg ≤ [300]
	FFS

	E
	[300] < NRB,agg ≤ [400]
	FFS

	F
	[400] < NRB,agg ≤ [500]
	FFS


RAN4 has agreed that the supported channel bandwidth should be signaled for each E-UTRA band in the CA band combination can be adopted as working assumption [1]. The reason behind this WF is to limit the channel bandwidth options to reduce the workload of test effort. However, explicit signaling may not be necessary. We can get the supported bandwidth combination by CA bandwidth class and the supported E-UTRA bandwidth per CA operating band. Following two tables are taken from current TR [3]. From the table 5.6.1A-1, we can get the supported bandwidth combinations for CA_1C are 20MHz+20MHz, 20MHz+15MHz, 15MHz+15MHz. For CA band CA_40C, the supported bandwidth combinations for CA_1C are 20MHz+20MHz, 20MHz+15MHz, 20MHz+10MHz, 15MHz+15MHz, 15MHz+10MHz. 10MHz+10MHz were excluded because the CA bandwidth should be greater than 20MHz for CA bandwidth class 1C. The same analysis applies to inter-band CA. 
Table 5.6.1A-1: Supported E-UTRA bandwidths per CA operating band for intra-band contiguous CA
	CA operating band / channel bandwidth

	E-UTRA CA Band
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz

	CA_1C
	1
	
	
	
	
	Yes
	Yes

	CA_40C1
	40
	
	
	
	Yes
	Yes
	Yes

	Note1: Combinations of component carriers with unequal channel bandwidth should be considered. The maximum number of CCs for combination is two.


Table 5.6.1A-2: Supported E-UTRA bandwidths per CA operating band for inter-band CA
	CA operating / channel bandwidth

	E-UTRA CA Band
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz

	CA_1A-5A
	1
	
	
	FFS
	Yes
	FFS
	FFS

	
	5
	
	
	FFS
	Yes
	
	


Take the RAN4 agreement that CA_X-X is used to indicate the intra-band non-contiguous CA, following table gives an example of CA capability signaling for some agreed CA scenarios. 
Table 2 Examples for CA Capability Signaling 
	CA Scenarios
	CA Band
	CA Band index
	Band list in CA band
	Bandwidth class for each band in CA band

	intra-band contiguous CA: 20M+20M(band 1)
	CA_1
	[1]
	Band 1
	C

	intra-band contiguous CA: 20M+20M(band 40)
	CA_40
	[2]
	Band 40
	C

	inter-band CA:

10M(band 1)+10M(band 5)
	CA_1-5
	[3]
	Band 1
	A

	
	
	
	Band 5
	A

	inter-band CA:

20M(band 3)+20M(band 7)
	CA_3-7
	[4]
	Band 3
	B

	
	
	
	Band 7
	B

	…
	…
	…
	…
	…

	inter-band CA:

5M(band 1)+10M(band 5)
	CA_1-5
	[3]
	Band 1
	A

	
	
	
	Band 5
	A

	…
	…
	…
	…
	…

	Intra-band non-contigous CA:

20 MHz CC (Band 7) + 20 MHz CC (Band 7)
	CA_7-7
	[TBD]
	Band 7
	A

	
	
	
	Band 7
	A

	Intra-band non-contigous CA:

5 MHz CC (Band 2) + 5 MHz CC (Band 2)
	CA_2-2
	[TBD]
	Band 2
	A

	
	
	
	Band 2
	A

	…
	…
	…
	…
	…


Proposal 1: E-UTRA CA band and CA bandwidth class jointly is enough to indicate UE CA capability. Supported bandwidth combination for one CA band is implicit indicated by the supported operating bandwidth per CA table, that is, table 5.6.1A-1 and table 5.6.1A-2 in TR36.807.
2.2 Signalling for MIMO capability

Both RAN1 and RAN4 have agreed that MIMO capability in Rel-10 is informed to the network as separate MIMO capability signalling. Considering it is difficult to implement higher layer MIMO at lower frequency bands and the flexible configuration between intra-band CA and MIMO, MIMO capability in rel-10 is band specific. For Rel-10 eNB, the most direct way is reporting eNB the maximum supported layer for each supported band. Table 3 gives an example for MIMO capability signalling. 
Table 3 Example for MIMO capability signalling
	Supported Band list
	Maximum supported layers

	Band X1
	N1

	Band X2
	N2

	…
	…


However, a single value of maximum supported layers per band may make some confusion. For example, suppose one UE has two RF chains working in the same band. Then the two RF chains can be configured to 2 CCs with each CC 1 layer, or 1 CC with 2 layers. If the MIMO capability signalling is reported as Table 3, eNB don’t know whether the UE can support 2 CC with each CC 2 layers [5]. To avoid the confusion, we propose to report the maximum supported layers per supported bandwidth class no greater than the maximum bandwidth class per supported band as shown in Table 4. 
Table 4 Example for CA/MIMO combination capability signalling 
	Supported Band list
	Maximum Bandwidth Class
	Bandwidth class
	Maximum supported layers per bandwidth class

	Band X1
	A
	A
	NA1

	Band X2
	B
	A
	NA2

	
	
	B
	NB2

	Band X3
	C
	A
	NA3

	
	
	B
	NB3

	
	
	C
	NC3

	…
	
	
	


Proposal 2: Explicit signal the maximum supported layers per supported bandwidth class no greater than the maximum bandwidth class per supported band as the MIMO capability signalling.
Following two architectures are introduced in [5] as one evidence that eNB can’t get CA/MIMO capability correctly by autonomous check. 
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Figure 1 UE Architectures with 4 CCs, 2 layers

Taking proposal 2, the MIMO capability signalling for the UE architecture (a) and architecture (b) are shown in Table 5 and Table 6. It can be seen that reporting the maximum supported layers per supported bandwidth class no greater than the maximum bandwidth class per supported band can solve the CA/MIMO capability confusion problem.
Table 5 MIMO combination capability signalling for the UE architecture (a)

	Supported Band list
	Maximum Bandwidth Class
	Bandwidth class
	Maximum supported layers per bandwidth class

	Band X
	E
	A
	2

	
	
	B
	2

	
	
	C
	2

	
	
	D
	1

	
	
	E
	1


Table 6 MIMO combination capability signalling for the UE architecture (b)

	Supported Band list
	Maximum Bandwidth Class
	Bandwidth class
	Maximum supported layers per bandwidth class

	Band X
	E
	A
	2

	
	
	B
	2

	
	
	C
	1

	
	
	D
	1

	
	
	E
	1


3 Conclusion 
This paper analyzes the signalling for CA and MIMO capability signalling and gives the following proposals for approval:

Proposal 1: E-UTRA CA band and CA bandwidth class jointly is enough to indicate UE CA capability. Supported bandwidth combination for one CA band is implicit indicated by supported operating bandwidth per CA table, that is, table 5.6.1A-1 and table 5.6.1A-2 in TR36.807.
Proposal 2: Explicit signal the maximum supported layers per supported bandwidth class no greater than the maximum bandwidth class per supported band as the MIMO capability signalling.
If the aforementioned proposals are approved, Table 2 and Table 4 can be attached in the LS document send to RAN1/RAN2 as the examples for CA/MIMO capability signaling.
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