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1 Introduction

RAN4 sent an LS [1] to RAN2 indicating the RAN4 agreement on the need to ensure UEs supporting 3DL to fall-back to 2DL CA. That means if the UE supports the “upper order” DL CA band combination, some lower order has to be supported depending on the upper order ones. RAN4 agreement is also related to our original agreement on CA band combination capability signalling. In this paper we analyze how to capture RAN4 agreement and take into account RAN2 CA band combination capability signalling.
2 Discussion

According to RAN4’s LS:

A terminal which supports a DL CA configuration shall support all the lower order fallback DL CA combinations and it shall support at least one bandwidth combination set for each of the constituent lower order DL combinations containing all the bandwidths specified within each specific combination set of the upper order DL combination.
It seems RAN4 agreed that if the UE supports “upper order” DL CA band combination, some lower order has to be supported depending on the upper order ones.

However some UE capabilities indicated in DL CA band combination signalling are band-combination-specific (containing further band-specific signalling), including:

· MIMO capability

· supportedBandwidthCombinationSet-r10
· multipleTimingAdvance-r11
· simultaneousRx-Tx-r11
· supportedCSI-Proc-r11
It is likely that the “low order” DL CA capabilities are different from “upper order” DL CA, e.g. for MIMO capability: 

· upper order: 
CA_x(2 layers)-y(4 layers)-z (2 layers)

· low order :
CA_x(4 layers)-y(4 layers)

For this case, the UE must include low order CA band combination. 

Naturally the low order CA band combination can only be absent if all capabilities of the low order CA band combination are the same as the one indicated in (or can be directly derived from) the “upper order” DL CA band combination.  Therefore we propose:
Proposal 1:
The low order CA band combination can only be absent if all capabilities of the low order CA band combination are the same as the one indicated in (or can be directly derived from) the “upper order” DL CA band combination. Otherwise, the “low order” DL CA band combination must be explicitly included.
For certain “low order” DL CA band combination, there may be multiple “upper order” DL CA band combinations with different UE capabilities, e.g,

· upper order 1: 
CA_x(2 layers)-y(4 layers)-z (4 layers)

· upper order 2: 
CA_x(4 layers)-y(2 layers)-m (2 layers)

If the capability for this “low order” DL CA band combination is absent, the network cannot know which “upper order” DL CA band combination is used as UE capabilities of the “low order” DL CA (CA_x-y).  Shall it to be x(2 layers)-y(4 layers), x(4 layers)-y(2 layers) or x(4 layers)-y(4 layers)? To make it simple, we would suggest:
Proposal 2: 
If one “low order” DL CA band combination has multiple “upper order” DL CA band combinations, the “low order” DL CA band combination can only be absent when the multiple “upper order” DL CA combinations indicate the same capabilities for the “low order” DL CA. Otherwise, the “low order” DL CA band combination must be explicitly included.
In addition, if the capability for this “low order” DL CA combination is present, the network should refer to this capability instead of its “upper order” DL CA band combination. 
Proposal 3: 
If the capability for this “low order” DL CA combination is present, the network should refer to this capability instead of the capabilities indicated in its “upper order” DL CA band combination.

At RAN2#86, for backward compatibility consideration, RAN2 agreed that the UE shall always include 2DL/1UL in the legacy supportedBandCombination IE as many as possible. The descriptions in spec are shown as below:

-
include all 2DL+1UL CA band combinations, only consisting of bands included in requestedFrequencyBands;

-
include all other 2DL+1UL CA band combinations;

The example in RAN4 LS is:

As an example, a 3DL capable UE supporting CA_x-y-z with UL only in Band x, is required to fallback to CA_x-y and CA_x-z, each with single uplink in Band x, but not to CA_y-z.
With RAN4’s rule, the UE does not need to always include 2DL combination in UE EUTRA capability. However this is not backward compatible, therefore we propose that:

Proposal 4: 
The UE shall still always include 2DL+1UL CA band combinations for backward compatible reason.
For others, 2DL/2UL, 3DL/1UL, 3DL/2UL, 3DL/3UL, 4DL/1UL….etc, we can adopt RAN4’s new agreements in order to further reduce the capability size.

Proposal 5:
Adopt RAN4 agreement for 2DL/2UL, 3DL/1UL and onwards.
Regarding UL CA combination, for the case of a 3DL capable UE supporting CA-x-y-z and supporting also 3ULs in x-y-z,  it is unclear whether the RAN4 agreement implies that the UE supports all lower order fall-back UL combination, e.g. DL x-y-z and UL x-y, DL x-y-z and UL x-z, DL x-y-z and UL y-z, DL x-y and UL x-y, DL x-z and UL x-z, DL y-z and UL y-z.

Considering that this will impact our signalling design for UL combination, we propose to ask RAN4 to clarify this.

 Proposal 6: 
Send an LS to RAN4 and ask them whether their agreement is also applicable for fall back to “lower order” UL CA band combination.

3 Conclusion

In this paper we discuss how to capture RAN4 agreement and take into account RAN2 CA bandcombination signalling solution. We have following observations and proposals:
Proposal 1:
The low order CA band combination can only be absent if all capabilities of the low order CA band combination are the same as the one indicated in (or can be directly derived from) the “upper order” DL CA band combination. Otherwise, the “low order” DL CA band combination must be explicitly included.
Proposal 2: 
If one “low order” DL CA band combination has multiple “upper order” DL CA band combinations, the “low order” DL CA band combination can only be absent when the multiple “upper order” DL CA combinations indicate the same capabilities for the “low order” DL CA. Otherwise, the “low order” DL CA band combination must be explicitly included.
Proposal 3: 
If the capability for this “low order” DL CA combination is present, the network should refer to this capability instead of the capabilities indicated in its “upper order” DL CA band combination.

Proposal 4: 
The UE shall still always include 2DL+1UL CA band combinations for backward compatible reason.
Proposal 5:
Adopt RAN4 agreement for 2DL/2UL, 3DL/1UL and onwards. 
Proposal 6: 
Send an LS to RAN4 and ask them whether their agreement is also applicable for fall back to “lower order” UL CA band combination.

Corresponding CRs and draft response LS are available in [2-4].
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