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1. Introduction 

A way forward for the LTE-A UE categories was agreed in RAN4 Ad-hoc meeting #10-3 in Dublin. The discussion was further continued in RAN4 meeting #55. In this contribution we provide a further input to this discussion and make some proposals to facilitate the way forward.
2. Discussion
2.1. Signalling of CA combinations

In RAN4 meeting #55 the approach of using CA bandwidth classes was taken as a way forward, the number of component carriers to be supported per class to be further discussed. The decisions are in line with the approach taken in the way forward related to UE capabilities signalling in [1]. By combining the nomination of bandwidth classes together with frequency band indexes to form an E-UTRA CA Band (e.g. CA_1B), signalling of the carrier aggregation capability can be devised in a very similar manner as a support of frequency band support in Rel-8 for example in DL. In terms of supported bandwidth and number CCs in UL, further consideration maybe needed [2].  In case of intra-band contiguous aggregation it would seem possible to assume that same aggregated bandwidth and number of CC are supported simultaneously both in UL and DL (apart maybe from the lowest CA bandwidth class).  However in case of inter-band non-contiguous aggregation, the assumption regarding the UL may not be so feasibly aligned with DL due to different complexity requirements. Hence as the focus also in Rel-10 timeframe is in intra-band contiguous UL aggregation [3],  in it would seem necessary to introduce some additional signalling to inform the network whether multiple bands/CC can be aggregation in UL. Regarding the lowest CA bandwidth class in case of intra-band contiguous, if there is a desire to extend the UE of support intra-band contiguous aggregation within 20MHz (e.g. CA bandwidth class A) in Rel-10 timeframe, the requirements for the UL aggregation should be considered as well. 
Table 1. CA Classes from [4]
	CA bandwith class
	Aggregated Transmission 
Bandwidth Configuration, NRB, agg
[RBs]
	# CC’s

	A
	NRB, agg ≤ 100
	[2]

	B
	100 < NRB, agg ≤ [200]
	[2]

	C
	[200] < NRB, agg ≤ [300]
	[3 or 4]

	D
	[300] < NRB, agg ≤ [400]
	[4]

	E
	[400] < NRB, agg ≤ [500]
	[5]


Proposal 1: In terms of DL carrier aggregation capability signaling E-UTRA CA band and CA bandwidth class, either jointly or separately would be sufficient to inform network about UE CA capability.
Proposal 2: In terms of UL CA capability, additional signaling 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.
2.2. Physical layer parameters
Physical channel parameters and transport channel parameters have been discussed in previous meetings and covered also in the way forward [1]

 REF _Ref264978824 \r \h 
[5]

 REF _Ref264978826 \r \h 
[6]. 
The main open issue has been related to the physical channel parameters, e.g. number of layers, especially in the DL. The question whether the number of layers supported in DL can be a band specific parameter or whether it should be at least partially band agnostic has been considered.  The exact extent of in which the number of layers would need to be band agnostic has not been considered. However accounting practical deployments and technology, while trying to limit the number of categories it would seem as a good compromise to require that support indicated to 1 or 2 layers would be interpreted in a band agnostic manner (e.g. Category 1 and up to Category 4 could be interpreted in band agnostic manner) and possibility to signal band specifically support of increased number of layers (e.g. 4 or 8) if needed, for example in a from of a single bit indication. 
Proposal 3: To limit the number and fragmentation of categories, the support number of layers implied by the Rel-8/9 category should be band agnostic and optional signalling of increased support above is added.
Regarding the number of layers in UL in forward compatible manner and considering different CA capabilities and scenarios (non-contiguous), it would seem best to allow UE to signal the number of layers supported in a frequency band and CA band specific manner. Hence considering inter-band non-contiguous aggregation in UL or different architectures  discussed to achieve intra-band contiguous aggregation, which would require multiple TX chains, scalability would allow the existing hardware to be benefitted also for UL MIMO in such scenarios where it is feasible. 
Proposal 4: To allow flexible introduction of UL MIMO support and CA capability, it should be possible to signal UL physical channel parameters (e.g. number of supported layers) in a band specific manner (E-UTRA band or E-UTRA CA band).

3. UE Categories

As raised in earlier papers [5] there is strong interest to limit the number of UE categories. Furthermore by using the approach described in previous section the UE categories could be defined independently from the supported carrier aggregation scenarios, but the maximum data rates selected for the UE categories could still have underlying assumptions on the number of carriers aggregated. Hence it would seem possible to re-use the existing UE categories as much as possible also to cover UE’s supporting carrier aggregation. To achieve higher data rates provided by aggregation naturally some additional UE categories would need to be added. As same maximum data rate may be achieved either by increasing the spatial multiplexing layers or number of ‘layers’ allocated in frequency domain, some duplication of existing categories might be needed to allow different paths to achieve the data rate increase. 
Proposal 5: UE categories would be defined in such a way that different approaches would be allowed to reach increased data rates.
Furthermore as discussed earlier [2] unless reasonable set of categories account different aspects  related to increasing date rate in DL and UL, it might be best to separate signalling DL and UL categories. Naturally this does not limit the total number of combinations, but could simplify the interpretation.

Proposal 6: Indication of UL and DL categories would be separated.

   Note that preliminary proposal for UE categories can be found in [7].
4. Conclusions

In this contribution we have continued the discussed on LTE-A related UE categories. Following proposals are made:
Proposal 1: In terms of DL carrier aggregation capability signaling E-UTRA CA band and CA bandwidth class, either jointly or separately would be sufficient to inform network about UE CA capability.

Proposal 2: In terms of UL CA capability, additional signaling 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.

Proposal 3: To limit the number and fragmentation of categories, the support number of layers implied by the Rel-8/9 category should be band agnostic and optional signalling of increased support above is added.

Proposal 4: To allow flexible introduction of UL MIMO support and CA capability, it should be possible to signal UL physical channel parameters (e.g. number of supported layers) in a band specific manner (E-UTRA band or E-UTRA CA band).

Proposal 5: UE categories would be defined in such a way that different approaches would be allowed to reach increased data rates.
Proposal 6: Indication of UL and DL categories would be separated.

It is proposed that RAN4 discusses these and if seen necessary provides further information to other WG’s. Regarding proposals 1 and 2, if agreed, RAN2 would need to be made aware of the information that can be referred in RAN4 specification and what additional information would be needed. For proposals 3 and 4, RAN1 and RAN2 should be made aware of RAN4 view, if such agreed.
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