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1. Introduction
This contribution discusses further aspects of signalling for release 10 carrier aggregation, downlink and uplink MIMO and 64 QAM uplink. We also provide examples of how categories and capabilities may be signalled with a view to provding this information to RAN2 as agreed in [1]. We also provide views on open items discussed in RAN4 2010 AH#4  on category and capability signalling. 
2. Release 10 UE categories

RAN1 indicated two main proposals for UE categories in [2]
· 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.
New categories are proposed in the following table

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


Based on these proposals and further RAN4 discussion, some modification / clarification seems necessary

· It was agreed in RAN4 2010AH#4 that uplink 64 QAM would be a separate UE capability. Hence we propose to remove it from this table describing the category and define a separate capability for release 10.
· UE which indicate a new release 10 category and associated capabilities should also signal a release 8/9 category so that its capabilities in legacy networks is clearly understood. Although it has not yet been discussed in RAN4, our view is that UE indicating release 10 category 6-8 should indicate a minimum release 8/9 category of 4. Clearly it does not make much sense for a UE which has high capability from a release 10 perspective to indicate low capability from a release 8/9 perspective. The category 4 minimum rather than category 5 is proposed because support for uplink 64 QAM and 4 layer DL-MIMO capability is implied by category 5, but these are proposed to be separate capabilities for category 6-8 release 10 UEs

3. Uplink 64-QAM capability

Although it was agreed to indicate UL 64-QAM as a capability in release 10, there was no discussion on whether this should be indicated on a per-band basis or global UE capability. In view of the fact that it is a part of release 8 UE categories 1- 5, we think it could be acceptable also to have a single capability indication as a part of release 10 signalling which applies to all bands and band combinations which the UE supports.
4. Downlink carrier aggregation capability

In general, we support the existing agreement that in terms of DL carrier aggregation capability signalling E-UTRA CA band and CA bandwidth class jointly would be sufficient to inform network about UE CA capability. The following CA bandwidth classes are proposed for CA.
5.6A-3. CA bandwidth classes

	CA bandwidth class
	Aggregated Transmission 

Bandwidth Configuration, NRB, agg
[RBs]
	# CC’s

	A
	NRB, agg ≤ 100
	[1]

	B
	NRB, agg ≤ 100
	[2]

	C
	100 < NRB, agg ≤ [200]
	[2]

	D
	[200] < NRB, agg ≤ [300]
	[TBD]

	E
	[300] < NRB, agg ≤ [400]
	[TBD]

	F
	[400] < NRB, agg ≤ [500]
	[TBD]


This is illustrated by some examples. Although eg intraband non contiguous CA is not considered in release 10 by RAN4, this should not preclude possibility of signalling such capabilities, in a futureproof manner so that additional carrier aggregation possibilitiescan be introduced in future in a release independent manner from a RAN2 perspective, using release 10 ASN.1
· CA_1C : UE capable of supporting downlink bandwidth class C on band 1
· CA_1A-5A : UE capable of supporting downlink aggregation of band 1 with bandwith class A and band 5 with  bandwidth class A

· CA_1A-1A : Future UE capable of supporting downlink intraband non contiguous carrier aggregation on band 1 with two blocks each having bandwidth class A.
· CA_1A-1A-5A : Future UE capable of supporting downlink intraband non contiguous carrier aggregation on band 1 with two blocks each having bandwidth class A along with band 5 with  bandwidth class A

Interband aggregation for more than 2 bands could also be considered in release 10 signalling for future extension of CA capability.
5. Downlink MIMO capability

This is covered by two existing agreements, specifically
“The support of number of DL spatial multiplexing layers implied by the Rel-8/9 category should be band agnostic. Optional signalling of increased number of spatial multiplexing layers support in band specific manner is added. It is also proposed that RAN4 would further discuss what would be the acceptable way forward to signal the number of supported spatial multiplexing layers.”
And

“Explicitly signal along with the CA bandwidth class the MIMO layer capability per band.  For non CA bands, MIMO layer capability per band should also be explicitly signalled. To be studied for the next meeting. Agreement 3 from last RAN4 meeting needs some further discussions.”
Taking both of these agreements together, it seems that the notation already used to indicate a particular CA capability could be augmented with the DL MIMO spatial multiplexiing layer support eg

· CA_1C[2] : UE capable of supporting downlink bandwidth class C on band 1 with 2 spatial layers

· CA_1A[2]-5A[1] : UE capable of supporting downlink aggregation of band 1 with bandwith class A/4 spatial layers and band 5 with  bandwidth class A/2 spatial layers

· CA_1A[4]-1A[4] : UE capable of supporting downlink intraband non contiguous carrier aggregation on band 1 with two blocks each having bandwidth class A and 4 spatial layers.

Additionally, there is a need to indicate MIMO capability even for non CA bands. 
6. Uplink capabilities

In order to develop a generic and future-proof signalling solution, very similar approach could be used for indicating the uplink CA and MIMO capability.. Hence, similarly to downlink, some example uplink capabilities are
· CA_1C[1] : UE capable of supporting uplink bandwidth class C on band 1 with 1 spatial layers

· CA_1A[2]-5A[1] : UE capable of supporting uplink aggregation of band 1 with bandwith class A/2 spatial layers and band 5 with  bandwidth class A/1 spatial layers

· CA_1A[1]-1A[1] : UE capable of supporting downlink intraband non contiguous carrier aggregation on band 1 with two blocks each having bandwidth class A and 1 spatial layer

· CA_1A[2] : Capability of 2 spatial layer UL MIMO without CA on band 1.

7. Restriction of channel bandwidth options

In [3]  three options were presented, along with a proposal to signal supported channel bandwidths.

· Option 1: Support all the channel bandwidth options

· The total number of combinations is 24, and therefore the testing efforts would be increased, although this will allow flexibility in operation.

· (Band 1, Band 5) = (5, 1.4), (5, 3), (5, 5), (5, 10), (5, 15), (5, 20), (10, 1.4), (10, 3), (10, 5), (10, 10), (10, 15), (10, 20), (15, 1.4), (15, 3), (15, 5), (15, 10), (15, 15), (15, 20), (20, 1.4), (20, 3), (20, 5), (20, 10), (20, 15), (20, 20)

· Option 2: Support restricted channel bandwidth options (hard coded)
· The total number of combinations could be reduced, compared to Option 1. 

· For example, the channel bandwidth options can be restricted as follows:

· Example 1: (Band 1, Band 5) = (10, 10)

· Example 2: (Band 1, Band 5) = (10, 10), (10, 20), (20, 10), (20, 20)

· …
· Option 3: Supported restricted channel bandwidth options (signalled)

· The total number of combinations is the same as Option 2.

· UE could signal the supported channel bandwidth as its capabilities.
In principle, it seems good to limit the number of channel bandwidth options which the UE supports as proposed in [3], primarily to avoid increasing the testing effort unnecessarily for combinations that are not used in real networks so we also agree that option 1 could be exluded. On the other hand, option 3 creates the possibility for a very flexible signalling and another dimension in which release 10 UE capabilities. Hence, we propose a modified variant of option 2 which is to restrict the UE to a hard coded subset of options for release 10, while allowing for extension in future releases if need. So for release 10, there would be a certain subset of channel bandwidth options that can be supported
· Example : (Band 1, Band 5) = (10, 10), (10, 20), (20, 10), (20, 20)
As mentioned, this appears to reduce the operations flexibility, and it is difficult to predict future deployments. To address this aspect, we propose that in future releases, if it is seen desirable to introduce add support for additional channel bandwidths in carrier aggregation, a new information element such as channel-bandwidth-support-indicator is introduced. Absence of this IE indicates that a UE supports release 10 options; in a future releae it could be sent with value set to (for example) 

channel-bandwidth-support-indicator =channel-bandwidth-support-indicator-revision-1

Additional channel bandwidths which could be supported by UE indicating channel-bandwidth-support-indicator-revision-1 would be defined by RAN4 in a future release and the supported bandwidths could still be expanded even further beyond that point as necessary.
For release 10, all that would be necessary to consider would be the channel bandwidths which should be supported for CA in initial deployments.
8. Conclusions

In this contribution we have presented views on outstanding open items for carrier aggregation UE categories and capabilities for release 10 carrier aggregation, downlink and uplink MIMO and 64 QAM uplink. We also provide examples of how categories and capabilities may be signalled with a view to provding this information to RAN2 as agreed in [1]. We also provide views on open items discussed in RAN4 2010 AH#4  on category and capability signalling.
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