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1 Introduction
UE categories/capabilities have been discussed in RAN1 #62 meeting and RAN4 #56 meeting. Both RAN1 and RAN4 have gotten some agreements on UE categories/capabilities [1]
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[2]. Some of the agreements in two WGs are consistent. For example, both WGs share the common agreements that:

· UE categories for Rel-10 should be defined in terms of the maximum data rates. The CA capability and MIMO capability should be signaled separately.
· The DL and UL categories should be defined jointly.
· UL and DL may have different CA capabilities.
· The maximum number of UL layers and DL layers supported by the UE should be signaled as UE capabilities.
In addition to these common agreements, there also several open issues need to be further studied. For example,

· CA capability signalling: RAN4 has an agreement that E-UTRA CA band and CA bandwidth class jointly would be sufficient to inform network about UE CA capability, which considering the intra-band contiguous CA and inter-band CA only. Meanwhile, RAN1 requests the CA capability signaling should cover the whole range of carriers supported in the RAN1 specifications, which is release independent, including the intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA. RAN4 need to revisit if the E-UTRA CA band and CA bandwidth class jointly are sufficient to support all CA capabilities defined in RAN1. 
· MIMO capability signalling: Both RAN1 and RAN4 agree the maximum number of UL layers and DL layers supported by the UE should be signalled as UE capabilities. The number of supported spatial multiplexing layers in Rel-10 may be band specific. RAN4 need further discuss what would be the acceptable way forward to signal the number of supported spatial multiplexing layers. 

· Coordination between MIMO and CA: Both RAN1 and RAN4 agreed that different approaches, MIMO or CA, would be allowed to reach maximum data rates defined by UE category. However, report MIMO and CA capability separately may cause some confusion at eNB. RAN4 need to consider how to address this issue, especially when intra-band CA and MIMO share the same RF chains.

· Rel-8/Rel-9 backward: RAN1 has proposed to extend or reinterpret the existing rel-8/rel-9 UE categories (cat 1-5) in Rel-10 by additional signaling of CA capability and/or MIMO capability. RAN1 also gives the initial set of combinations of CA and MIMO capabilities that satisfy the maximum data rates at each category. RAN4 need to reconsider these combinations from RAN4 point of view.
In this paper, we give our views on these open issues.
2 Discussion
2.1 CA Capability Signaling
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 are defined based on the CA deployment scenarios. 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 aggregated transmission bandwidth configuration and the number of CC in each aggregated transmission bandwidth configuration.  UE CA capability can be indicated by the supported E-UTRAN CA band and the CA bandwidth class in each E-UTRAN CA band for some CA scenarios.  Table 1 gives the CA capability signaling for some CA scenarios defined in Annex A of TR 36.807[3].

	CA Scenarios
	CA Band
	CA Band index
	Band list in CA band
	Bandwidth class for each band in CA band
	Aggregate Transmission Bandwidth configuration for each band in CA band

	intra-band contiguous CA: 20M+20M(band 1)
	CA_1
	[1]
	Band 1
	C
	200

	intra-band contiguous CA: 20M+20M(band 40)
	CA_40
	[2]
	Band 40
	C
	200

	inter-band CA:

10M(band 1)+10M(band 5)
	CA_1-5
	[3]
	Band 1
	A
	50

	
	
	
	Band 5
	A
	50

	inter-band CA:

20M(band 3)+20M(band 7)
	CA_3-7
	[4]
	Band 3
	B
	100

	
	
	
	Band 7
	B
	100

	…
	…
	…
	…
	…
	…

	inter-band CA:

5M(band 1)+10M(band 5)
	CA_1-5
	[3]
	Band 1
	A
	25

	
	
	
	Band 5
	A
	50

	…
	…
	…
	…
	…
	…

	Intra-band non-contigous CA:

20 MHz CC (Band 7) + 20 MHz CC (Band 7)
	CA_7-7
	[TBD]
	Band 7
	A
	100

	
	
	
	Band 7
	A
	100

	Intra-band non-contigous CA:

5 MHz CC (Band 2) + 5 MHz CC (Band 2)
	CA_2-2
	[TBD]
	Band 2
	A
	25

	
	
	
	Band 2
	A
	25

	Intra-band non-contigous CA:

40 MHz CC (Band 7) + 20 MHz CC (Band 7)*
	CA_7-7
	[TBD]
	Band 7
	C
	200

	
	
	
	Band 7
	A
	100

	…
	…
	…
	…
	…
	…


*Note: This scenario is not included in the Annex A of TR 36.807. 
From table 1, we can see that E-UTRA CA band and CA bandwidth class jointly can indicate UE intra-band contiguous CA capability. While for inter-band CA and intra-band non-contiguous CA, E-UTRA CA band and CA bandwidth class jointly can’t clear state the UE CA capability. For example, the inter-band CA scenario 10M(band 1)+10M(band 5) and 5 M(band 1)+10M(band 5) has the same CA band index and CA bandwidth class. While the aggregate transmission bandwidth can different these two scenarios. So we propose to use aggregate transmission bandwidth configuration instead of CA bandwidth class index. Using the same rules as CA bandwidth class definition (table 5.6A-3 in [3]), we can get the number of CC from the aggregated transmission bandwidth configuration. 

For intra-band non-contiguous CA, we can different it from intra-band contiguous CA by introducing new CA band index, as shown in table one. RAN4 has agreed to use CA_X to indicate the intra-band contiguous CA and CA_X-Y to indicate the inter-band contiguous CA. So for intra-band non-contiguous CA, we can follow the same rule as inter-band CA. We can use CA band _7-7 for intra-band non-contiguous CA in band 7 and CA band_7 for intra-band contiguous CA in band 7.  For band_7-7, two the aggregated transmission bandwidth configurations are used to indicate the first transmission bandwidth and second transmission bandwidth configuration. For example, for intra-band non-contiguous CA scenario 40M+20M in band 7, the CA band is CA band_7-7, the aggregated transmission bandwidth configurations for the first contiguous spectrum block is 200RB, while the aggregated transmission bandwidth configurations for the second contiguous spectrum block is 100RB. That is, two 20M contiguous CC plus 1 20M non-contiguous CC.

Proposal 1: CA_X-X is used to indicate the intra-band non-contiguous CA.

Proposal 2:  E-UTRA CA band and the aggregated transmission bandwidth configuration for each band in E-TURA CA band jointly can inform the network CA capability.
Both RAN1 and RAN4 agree DL and UL may have different CA capability. One method is UE reporting the network DL and UL CA capability separately. To reduce the signaling overhead, one additional signaling is introduced to inform the network if DL and UL have different CA capability. If the DL and UL have the same CA capability, then one set of signaling is enough. If not, then UE reports two sets of CA capability to inform the network DL and UL CA capability separately. Another way is just follow the agreements in RAN4 meeting #56. That is, additional signalling is introduced especially in case of inter-band non-contiguous aggregation, to inform the network about the possible difference in DL and UL aggregation capability. However, it is difficult to define the signalling to indicate the difference between the DL and UL aggregation capability. So we propose UE reports the network DL and UL CA capability independently when the UE DL and UL CA capability are different. 

Proposal 3: UE reports the network DL and UL CA capability independently when the UE DL and UL CA capability are different.
In the legacy network, eNB assume the DL and UL can support the same band. While in rel-10, especially for inter-band CA, UL may support only one band to reduce UE complexity. In this case, DL and UL should at least support one common band. A more rational assumption is the UL supported bands are the subset of DL supported bands.

Proposal 4: To keep the backward compatibility, at least one band is supported by DL and UL. The initial assumption is the UL supported bands would be the subset of DL supported bands.
2.2 MIMO Capability Signaling
Both RAN1 and RAN4 have agreed that MIMO capability in rel-10 is informed to the network 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[4]
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[5], MIMO capability in rel-10 may be band specific. One open issue is what would be the acceptable way forward to signal the number of supported spatial multiplexing layers. For rel-10 eNB, the most direct way is reporting eNB the maximum supported layer for each supported band. This can be implemented by table 2 or table 3. Which way will be used depends on RAN2. 

	Supported Band list
	Maximum supported layers

	Band X1
	N1

	Band X2
	N2

	…
	…


	Maximum supported layers 
	Band which support the said maximum layer

	1
	Band X1, X2, ,…

	2
	Band Y1, Y2, ,…

	4
	Band Z1, Z2, ,…

	8
	Band W1, W2, ,… 


Since the DL and UL can have the different MIMO capability, it would be better to report the DL and UL MIMO capability separately. 

When UE accesses to the Rel-8/Rel-9 eNB, the MIMO capability is embedded in the UE category and should be band agnostic. In this case, as stated in [4], there are two options:

· Option1: UE would signal eNB the lower category that all supported band can support. So UE higher MIMO capability on certain band will not used in the legacy network.

· Option 2: UE would signal eNB the higher category, while the supported band list would exclude the bands with lower MIMO capability. 

From higher throughput point of view, it would be better for UE to inform network its category as option 2. From the mobility management point of view, it would be better for UE to inform network its category as option 1. We a little prefer the option 1 since when UE initial entering the network, it may ramp on the band with lower MIMO capability. If option 2 is used, there may be some inconsistency. 

Proposal 5: UE would inform the rel-10 eNB the maximum supported layers of each supported band. DL and UL MIMO capability are reported separately. 

Proposal 6: UE would inform legacy eNB the category that all its supported bands can support.
2.3 Coordination between MIMO and CA
Both RAN1 and RAN4 agreed that different approaches, MIMO or CA, would be allowed to reach the maximum data rates defined by UE category. However, separately report MIMO and CA capability may cause some confusion at eNB. 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. Since the MIMO capability and CA capability are reported separately, UE will inform eNB it can support 2 CCs aggregation and can support 2 layers. So the eNB may think the UE has the capabilities of 2 CC of each with 2 layers [5]. 
eNB can avoid the confusion by some autonomous check. For example, if eNB gets from UE signalling that the supported maximum number of CC is 4, the supported maximum number of layer is 4 and the maximum data rate is 300MHz. Then eNB can induce that the possible configuration are 4 CC with each CC 1 layer, or 1 CC with 4 layers, or 2 CCs with each CC 2 layers, while the configuration of 4 CC with each CC 4 layers is not possible. This method has a little risk since the maximum data rate is depend on many factors except the number of CC and the number of layer. And there are some cases that eNB can’t handle by autonomous check. For example, in figure 1, the number of CC for each UE is 4, the number of supported layer is 2. The UE in figure1-(a) can support 2 CC with each CC 2 layers. But the UE in figure1-(b) can’t support the 2CC with each CC 1 layer. 
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Figure 1 UE Architectures with 4 CCs, 2 layers

To avoid the confusion, one way is reporting the UE supported CA/MIMO combinations for each band, that is, the number of CC and number of layers for each band. But this way is a little redundancy since MIMO and CA capability signalling have been reported as discussed in section 2.1 and 2.2.  Another way is take the proposal in [6], UE reports the number of antennas, the number of RF chains per antenna, the frequency band supported within each RF chain and the bandwidth of each RF chain as the CA and MIMO capability parameters. RAN4 need further studies on this issue.
Proposal 7: RAN4 needs further study on how to avoid the confusion caused by separately reporting CA capability and MIMO capability. One possible way is reporting the UE supported CA/MIMO combinations for each band. Another possible way is reporting the number of antennas, the number of RF chains per antenna, the frequency band supported within each RF chain and the bandwidth of each RF chain as the CA and MIMO capability parameters.
2.4 Rel-8/Rel-9 Backward Compatibility
RAN1 has proposed to extend or reinterpret the existing rel-8/rel-9 UE categories (cat 1-5) in Rel-10 by additional signaling of CA capability and/or MIMO capability. RAN1 also gives the initial set of combinations of CA and MIMO capabilities that satisfy the maximum data rates at each category. In some combination, the BW is less than 20MHz, e.g. 10MHz.  It should be noted that in rel-8/rel-9, maximum supported bandwidth per UE is defined by specification (table 5.6.1-1 in 36.101[7]). For bands with the maximum bandwidth is 10MHz, UE supporting 10MHz+10MHz inter-band aggregation is backward compatibility. While for some other band, for example, band 3 + band 7, UE with the maximum capability of 10MHz+10MHz inter-band aggregation may not work well in rel-8/rel-9 network. RAN4 needs to consider if the UE capability for new CA deployment scenarios is backward compatible.

Proposal 8: RAN4 needs to consider if the UE capability for new CA deployment scenarios is backward compatible.

On the other hand, by introducing the CA and high-layer MIMO, the maximum date rate for Rel-10 UE in rel-10 network is not the same as in legacy network. That is, for same UE, its category reported to the rel-10 network may be different from its category reported to the legacy network, even for the rel-10 UE categories 1~5.

Proposal 9: Rel-10 UE may have different category in legacy network and rel-10 network.
3 Conclusion
In this paper, we give our views on UE category/capability based on the latest RAN1/RAN4 agreement. Following proposals are made:

Proposal 1: CA_X-X is used to indicate the intra-band non-contiguous CA.

Proposal 2:  E-UTRA CA band and the aggregated transmission bandwidth configuration for each band in E-TURA CA band jointly can inform the network CA capability.

Proposal 3: UE reports the network DL and UL CA capability independently when the UE DL and UL CA capability are different.
Proposal 4: To keep the backward compatibility, at least one band is supported by DL and UL. The initial assumption is the UL supported bands would be the subset of DL supported bands.
Proposal 5: UE would inform the rel-10 eNB the maximum supported layers of each supported band. DL and UL MIMO capability are reported separately. 

Proposal 6: UE would inform legacy eNB the category that all its supported bands can support.
Proposal 7: RAN4 needs further study on how to avoid the confusion caused by separately reporting CA capability and MIMO capability. One possible way is reporting the UE supported CA/MIMO combinations for each band. Another possible way is reporting the number of antennas, the number of RF chains per antenna, the frequency band supported within each RF chain and the bandwidth of each RF chain as the CA and MIMO capability parameters.
Proposal 8: RAN4 needs to consider if the UE capability for new CA deployment scenarios is backward compatible.
Proposal 9: Rel-10 UE may have different category in legacy network and rel-10 network.
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