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Introduction
The purpose of this email discussion is to address the following points (as captured by RAN2 chairman):
[89#21][LTE/CA] Capability signalling for contiguous CA (Ericsson)
-	Discuss which additional flexibility is required and which signalling option supports that with least signalling overhead and least complexity
=>	Intended outcome: Email discussion report and optionally CRs to RAN2-89bis

In [1], the limitations for contiguous CA capability signalling when it comes to the number of MIMO layers and the maximum number of CSI processes was discussed. For contiguous CA, the existing signalling does not allow the UE to signal its supported capabilities per component carrier. This was claimed to give less flexibility (than for inter-band and intra-band non-continuous CA band capability signalling) for the UE to offer the full extent of the UE baseband processing capability. 
As captured in chairman’s notes from RAN2#89:
RAN2 intends to enable more flexibility in the capability signalling for intra-band contiguous CA. The detailed signalling will be discussed via email. 
Discussion
So far, two different signalling proposals have been presented, representing two different principles, to extend the existing band combination capability signalling
Solution 1 
In [1], it was proposed to solve the limitations of existing contiguous CA capability signalling by introducing a new “bandwidth class (Z). Examples given were that CA_25C would be signalled as CA_25Z_25Z, and CA_25D would be signaled as CA_25Z_25Z_25Z. For backward compatibility reasons, both variants would be signaled, hence consuming two band combination instances in the capability signaling.
 Solution 2
In [2], it was proposed to add new fields per band combination that are applicable for the case of contiguous CA band combinations only. These new fields would indicate 
· the number of MIMO layers and the number of CSI processes that the UE can support in total across all component carriers of the contiguous CA configuration. 
· maximum number of MIMO layers and CSI processes that UE support per each component carrier.
The eNB can then configure MIMO layers and CSI processes for each component carrier, respecting both the limits on total number of MIMO layers and CSI processes and what can be supported by each component carrier. For backwards compatibility, UE need to populate the existing fields for MIMO and CSI capabilities. 
During RAN2#89 discussion, it was claimed that Solution 2 would result in less signalling overhead, while not giving the same level of flexibility to UE implementation as Solution 1. 
Companies are asked to provide their comments on the two proposals, and consider e.g.
· Impact on signalling/ASN.1
· Signalling overhead (size and number of band combination instances)
· Flexibility/restriction for UE
· Flexibility/restriction for eNB
· Backward compatibility aspects

	Company
	Preferred solution, 1 or 2
	Motivation and comments

	NTT DOCOMO
	Solution 2 with some simplifications
	Although Solution 1 can provide the full flexibility enabling to indicate the supported MIMO layers/CSI processes for each CC, the legacy capability (e.g., 25C, 25D) is required to report altogether for backward compatibility which results in increasing the signaling overhead. In contrast, Solution 2 is less flexible and so the eNB has to decide the number of MIMO layers/CSI processes for each CC to be configured. Nevertheless, it seems not a significant drawback as long as the UE supports all the possible configurations within the total number of MIMO layers/CSI processes.
On Solution 2, the maximum number of MIMO layers/CSI processes per CC may not be needed since the existing signaling can be used to derive the value. For instance, if support of 4 MIMO layers is indicated for CA_25C, it can be interpreted that 4 layers-MIMO is supported for both two CCs at maximum. In that sense, the total number of MIMO layers/CSI processes across all contiguous CCs is sufficient to indicate additionally. In addition, the issue discussed here is for the case where the UE cannot support the total number of MIMO layers/CSI processes indicated by the existing CA capability signaling. The additional parameter is needed only for that case. In conclusion, we propose to simplify Solution 2 as follows:

If the UE cannot support the total number of MIMO layers/CSI processes indicated by the existing contiguous CA band combination capability, the UE additionally indicates the number of supported MIMO layers/CSI processes across all CCs of that band combination.

	Nokia Networks, Nokia Corporation
	Solution 2
	Since we built the whole CA signalling and related UE capabilities concept around the existing classes defined in 36.101, we think introduction an imaginary bandwidth class (i.e. Z) would introduce complexity and inconsistency. The Solution 1 in a way deviates from the logic and arrangement of the real classes. Also it does not bring any benefit in signalling overhead (due to backward compatibility). It offers flexibility for the UE, however full flexibility is not our targeted aim. The main issue to resolve is the limitation for contiguous CA capability signalling when it comes to the number of MIMO layers and the maximum number of CSI processes.
We prefer to build an extension on well established classes and introduce new fields (according to Solution 2 or some resembling version) applicable for the case of contiguous CA band combinations only. 

	Samsung
	Solution 1
	We prefer solution 1 (or more precise extensions, instead of e.g. total number of MIMO layers/CSI processes), as it provides much flexibility and exact information which UE can support.
Suppose the following scenarios:
1. {DL=fourLayers,CSI-Proc=n1} + {DL=twoLayers,CSI-Proc=n4}
2. {DL=fourLayers,CSI-Proc=n4} + {DL=twoLayers,CSI-Proc=n1}
If UE only supports Scenario 1 above, but not Scenario 2, UE cannot report its capability correctly to the network only with the total number of MIMO layers/CSI processes.

	Qualcomm
	
	We think that the benefits and caveats of each solution is made clear by other companies. Solution 1 has the most flexibility and makes the intra-band contiguous signaling on par with non-contiguous and inter-band scenarios. On the other hand, solution 1 would increase the size of UE capability signaling substantially (as we would also still need to repeat the old style of signaling for backwards compatibility reasons). 
Solution 2 lacks flexibility, in that for example the 4CC capability of {8x8+8x8+2x2+2x2} cannot be distinguished from {8x8+4x4+4x4+4x4}.

We may consider a modified version of solution 2 where instead of the 2 elements for max/aggregate, UE signals up to 5 elements (one per CC in the band combination) for MIMO layers and number of CSI processes. This number of elements would be a function of CA BW class, e.g. class C would have two element each, class D, three and so on. 
For example, considering the MIMO layers only, solution 2 would look like the below (hypothetical example): 
1. {CA_41C_2Layer} (this part is legacy), {max=4Layer, total=6Layer} (this part is new per contiguous combo) 
1. {CA_41D_2Layer}  (this part is legacy), {max=4Layer, total=10Layer} (this part is new per contiguous combo) 
1. {CA_41E_2Layer}  (this part is legacy), {max=4Layer, total=10Layer} (this part is new per contiguous combo) 
And, we could consider the following instead: 
1. {CA_41C_2Layer} (this part is legacy), {4Layer, 2Layer} (this part is new per contiguous combo). The new part defines the MIMO layer matrix for each carrier rather than min max 
1. {CA_41D_2Layer}  (this part is legacy), {4Layer, 4Layer, 2Layer} (this part is new per contiguous combo) 
1. {CA_41E_2Layer}  (this part is legacy), {4Layer, 2Layer, 2Layer, 2Layer} (this part is new per contiguous combo)

Noting the above tradeoffs, we would comply with what the majority of RAN2 companies consider acceptable. We also suggest that RAN2 considers the possible extension of Solution 2. 

	Ericsson
	[bookmark: _GoBack]Solution 2
	We also prefer a solution that builds on existing principles. 
Our thinking for Solution 2 is that the existing fields for number of MIMO layers/CSI processes cannot be reused for a new purpose for backwards compatibility reasons. 
In Solution 2, we have assumed that for intra-band contiguous CA, the MIMO layers/CSI processes can be allocated to any of the component carriers, as a kind of “common pool”. Above, companies argue this limit UE flexibility. Could companies please elaborate some further on why this is essential.

	Intel
	Solution 2 with modification or solution 1
	We agree with Samsung/Qualcomm that the proposed solution 2 is not sufficient to define flexible capability for MIMO and CSI process in intra-band contiguous CA. We think Samsung’s example is a practical scenario that the UE may or may not support depending on processing capability. 
As Qualcomm proposed, it is desirable to indicate the maximum supported MIMO layers and CSI process for each carrier i.e. 2 entries for 2 CCs, 3 entries for 3CCs and so on. Each entry includes the maximum MIMO layer and CSI process that the UE supports.  
Furthermore, if the maximum supported MIMO layer/CSI process is indicated for each CC, the total number of MIMO layer/CSI process is not required.


	Huawei/HiSilicon
	Solution 2
	We agree that solution 2 cannot provide full flexibility as solution 1, however full flexibility also means marketing fragment. We should try to avoid this. 


	NVIDIA
	Solution 2 with modification
	We concur with the views and provided examples that solution 2 cannot provide sufficient flexibility in some scenarios. Hence, we would prefer to modify solution 2, e.g. as proposed by Intel/Qualcomm, aiming at indicating the maximum supported MIMO layers and CSI processes on a per-carrier basis within the band combination. This approach would also be cleaner in the sense that it does not require an artificial bandwidth class as in solution 1.



Email discussion result
Summary
1. 8 companies participated in the email discussion.
a. 4 companies expressed preference with Solution 2.
b. No company expressed preference for Solution 1 as the only way forward.
c. 4 companies expressed preference for a solution that offers more flexibility for UE implementation than Solution 2.

2. The following example was used to indicate this lack of flexibility of Solution 2:

a. Configuration 1. {DL=fourLayers,CSI-Proc=n1} + {DL=twoLayers,CSI-Proc=n4}
b. Configuration 2. {DL=fourLayers,CSI-Proc=n4} + {DL=twoLayers,CSI-Proc=n1}

UE that supports Configuration 1, but not configuration 2, cannot express this with the signaling of Solution 2.

3. A modification of solution 2 was proposed, where the capability signalling should indicate per carrier the maximum number of MIMO layers and CSI processes the UE can support (as compared to the maximum per carrier .

4. Some companies questioned if this flexibility was essential, and would mean market fragmentation.

Recommendation
As outcome of the email discussion, the following is proposed by the rapporteur:
Proposal 1		RAN2 to conclude that Solution 1 is not agreed.
Proposal 2		RAN2 to discuss and agree if the flexibility in Contiguous CA band capability signalling, as raised in the email discussion, is needed.
Proposal 3		If agreement on proposal 2 is reached, agree on a (potentially modified) Solution 2.
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