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1 Introduction
In the last RAN2 #89bis meeting, there was no conclusion on the flexible capability signaling for contiguous intra-band CA although RAN2 agreed to aim to introduce a solution allowing UEs to indicate with finer granularity their capabilities for intra-band CA. Therefore, RAN2 decided to have one more email discussion to decide the exact signaling solution as follows. Since majority companies preferred Solution 2 based approach than Solution 1 during email discussion, RAN2 decided to focus on solutions based on Solution 2 i.e. adding additional fields in the existing intra-band contiguous combination. 
[89bis#20][LTE/CA] Capability signalling for contiguous CA (Intel) 

-
Focus on the two solutions discussed so far. 

=>
Intended outcome: Email discussion report and CR to RAN2-90
2 Two solutions for flexible capability signaling
Until now, as for Solution 2, two variations have been discussed to indicate finer granularity for MIMO and CSI process capability in case of intra-band contiguous CA.   

Solution 2A: It is proposed to add new fields per bandwidth per band/band combination that are applicable for the case of contiguous CA band combinations only [1]. 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. 

· the maximum number of MIMO layers and CSI processes that UE support per each component carrier.

ASN.1 signaling for solution 2A could look as follows: 
CA-MIMO-ParametersDL-v1260 ::= SEQUENCE {


totalSupportedMIMOLayers-DL-r12
INTEGER
(2..40)

OPTIONAL,


totalSupportedCSI-Proc-r12

INTEGER (1..20)

OPTIONAL,

maxSupportedMIMOLayersPerCC-DL-r12
MIMO-CapabilityDL-r10
OPTIONAL,


maxSupportedCSI-ProcPerCC-r12
ENUMERATED (n1, n3, n4)

OPTIONAL,
}
Solution 2B: It is proposed to add the following field per component carrier per bandwidth class per band/band combination [2].  The field indicates
· the maximum number of MIMO layers and CSI processes that the UE supports per a concerned component carrier. 
ASN.1 signaling for solution 2B may look as follows. 
CA-MIMO-ParametersDL-v1260 ::= SEQUENCE {


intraBandContiguousCAInfoList-r12

SEQUENCE (SIZE (1.. maxServCell-r10)) OF IntraBandContiguousCAInfo-r12

OPTIONAL,
}
IntraBandContiguousCAInfo-r12 ::= SEQUENCE {

supporteMIMO-CapabilityDL-r12
MIMO-CapabilityDL-r10

OPTIONAL,


supportedCSI-Proc-r12


ENUMERATED {n1, n3, n4}

OPTIONAL,

...

}
Solution 2C: A combination of 2A and 2B: UE indicates total MIMO layers as per 2A, but CSI processes as per 2B. 
ASN.1 signaling for solution 2C could look as follows. 
CA-MIMO-ParametersDL-v1260 ::= SEQUENCE {


totalSupportedMIMOLayers-DL-r12
INTEGER
(2..40)

OPTIONAL,


maxSupportedMIMOLayersPerCC-DL-r12
MIMO-CapabilityDL-r10
OPTIONAL,


intraBandContiguousCAInfoList-r12

SEQUENCE (SIZE (1.. maxServCell-r10)) OF IntraBandContiguousCAInfo-r12

OPTIONAL,
}
IntraBandContiguousCAInfo-r12 ::= SEQUENCE {

supportedCSI-Proc-r12


ENUMERATED {n1, n3, n4}

OPTIONAL,

...

}
Solution 2D: A combination of 2A and 2B: UE indicates total number of CSI processes as per 2A, but MIMO layers as per 2B. 
ASN.1 signaling for solution 2D could look as follows. 
CA-MIMO-ParametersDL-v1260 ::= SEQUENCE {


totalSupportedCSI-Proc-r12

INTEGER (1..20)

OPTIONAL,

maxSupportedCSI-ProcPerCC-r12
ENUMERATED (n1, n3, n4)

OPTIONAL,

intraBandContiguousCAInfoList-r12

SEQUENCE (SIZE (1.. maxServCell-r10)) OF IntraBandContiguousCAInfo-r12

OPTIONAL,
}
IntraBandContiguousCAInfo-r12 ::= SEQUENCE {

supporteMIMO-CapabilityDL-r12
MIMO-CapabilityDL-r10

OPTIONAL,


...

}
Solution 2E: A complement solution of 1A to address the issue of baseband processing for MIMO and CoMP altogether. In addition to Solution 1A, the maximum total sum of MIMO layers and CSI processes is added.
ASN.1 signaling for 2E could look as follows.

CA-MIMO-ParametersDL-v1260 ::= SEQUENCE {


totalSupportedMIMOLayers-DL-r12



INTEGER
(2..40)

OPTIONAL,


totalSupportedCSI-Proc-r12




INTEGER (1..20)

OPTIONAL,

maxTotalSumMIMOLayers-DLandCSI-Proc-r12

INTEGER (1..60)

OPTIONAL,

maxSupportedMIMOLayersPerCC-DL-r12
MIMO-CapabilityDL-r10
OPTIONAL,


maxSupportedCSI-ProcPerCC-r12
ENUMERATED (n1, n3, n4)

OPTIONAL,
}
3 Discussion

Since both solutions define additional field(s) in the existing band combination, the difference between solution 2A and solution 2B in terms of signalling overhead is whether the field is defined across CC (solution 2A) or per CC (solution 2B). 
Constraints of signalling
During RAN2 email discussion [1], the following two cases were pointed out:

1) solution 2A has the limitation for not being able to distinguish support for the following configurations

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}
2) Furthermore, it was pointed that solution 2A cannot distinguish the support for the following cases of MIMO capability. 
a. Configuration 1. {8x8+8x8+2x2+2x2} 
b. Configuration 2. {8x8+4x4+4x4+4x4}

Question 1: Do companies think that the above cases are important to support in the new capability signaling?  

	Company
	Yes or No
	Comments

	Samsung
	Yes
	UE should be able to report its capability precisely, so that it can be configured correctly by the network.

	Intel
	Yes
	In solution 2A, the maximum MIMO and maximum CSI capability should be supported at least for one carrier. However, considering that baseband processing capability would limit both MIMO and CSI capability jointly, it would be beneficial to be able to indicate a scenario where a larger CSI capability can only be achieved with a lower MIMO capability. Solution 2A eventually decreases UE throughput compared to Solution 2B because with Solution 2A, the UE will indicate one of {DL=four layer, CSI-Proc=n1} and {DL=two layers, CSI-Proc=n4} for multiple CCs.

	Qualcomm
	Yes
	Reporting an accurate UE capability is an important factor for timely commercialization. The main objective of the intra-band contiguous CA capability enhancement is to make it closer to what we already have to inter-band and intra-band non-contiguous. 

The above cases are as important to support for contiguous CA as they are for non-contiguous. Meaning that the same baseband restriction per CC would apply here too. 

	Nokia Networks
	Maybe
	This question seems to be about whether the option 2A is reasonable or not.

There are two parts to the discussion: Case 1 concerns CSI processes and Case 2 the MIMO layers.

Case 1: For the CSI processes, the design choice during Rel-11 was that if UE supports CSI processes, UE has to support at least 1 CSI process on all bands. Hence, it does make sense to allow UE to indicate support for more CSI processes if it can do that. Also the inter-band CA signalling does allow a similar case already, so the flexibility of 2B could be reasonable.

Case 2: For MIMO layers, at the moment UE would only indicate 2, 4 or 8 layers, and this would be supported over all component carriers. The sticky point seems to be 8 layers – if UE only supports 2 or 4 layers, there should be less issues. Since the support of 8-layer MIMO may not be very common, it could be sufficient to have just the overall indication of the supported MIMO layers instead of per-carrier indication.

	Ericsson
	Also Maybe
	We understand the concern expressed by UE vendors. 

In our understanding, the supported number of MIMO layers is band-dependent, but the number of supported CSI processes is not. And both are dependent on baseband processing capability. Hence, it would make sense to have 
-“max number of CSI processes for CC with 2-layer MIMO”
-“max number of CSI processes for CC with 4-layer MIMO”
-“max number of CSI processes for CC with 8-layer MIMO”

as a new baseband processing capability on “UE level”, possibly per number of CC:s.
We also note we have now not discussed combined contiguous and non-contiguous cases

	NTT DOCOMO
	Also Maybe
	We also understand the UE vendor’s concern although it seems not specific to the intra-band contiguous CA but common to the other cases. If the concern comes from the fact that baseband processing is common to both MIMO and CoMP, Solution 2A can also address the issue by adding another capability to indicate the maximum total sum of MIMO layers and CSI processes. That is why we propose Solution 2E as a complement solution of 2A.

	Huawei, HiSilicon
	Also Maybe 
	Generally, we should give the fine granularity as much as possible, however we should also restrict options in order to reduce the marketing fragment and reduce capability signaling overhead.

 Case 1 we could consider how to combine MIMO and CSI capability, but from our understanding, if MIMO and CSI capability is combined, the number of possible combinations will be increased hugely.  We should take this into account.

Case 2: we understood original concern is baseband capability, we do not see the need to distinguish configuration 1 and 2.


Number of combinations

During discussion in RAN2#89bis meeting, concerns were raised that Solution 2B may result in too much flexibility compared to Solution 2A. Therefore, it would be worthwhile to look at the number of possible combinations. Table 1 shows the number of possible MIMO capability combination in intra-band CA with respect to Solution 2A and 2B. 
For example, in case of 2CC, the following combinations are possible: 
{CC1= 2 layers, CC2= 2layers}, {CC1= 2layer, CC2=4layers}, {CC1=2 layers, CC2=8 layers}, 
{CC1=4 layers, CC2=4layers}, {CC1=4 layers, CC2=8 layers}, {CC1=8 layers, CC2=8 layers}.
In case of Solution 2A, from 4CCs, there are combinations which have the same total number of layers and the maximum number of layers but the number of layers in each CC is different. Since these combinations are not distinguishable in Solution 2A, we removed one of combinations in counting.  

In case of Solution 2B, it is combination with repetition, therefore, the number of combinations can be calculated with nHr (i.e n+rCr), where n is 3 (2, 4, 8 layers) and r is the number of CCs. 

Table 1: Number of possible combinations assuming MIMO capability only

	# of CC
	Solution 2A
	Solution 2B 

	2
	6
	6

	3
	10
	10

	4
	14
	15

	5
	18
	21


Solution 2A and 2B support the same number of possible combinations for 2CCs and 3CCs, while Solution 2B can support the larger number of possible combinations for 4CCs and 5CCs. 
Question 2: Do companies think that the increased number of possible combinations with Solution 2B is problem and if yes, what would be the specific problem?
	Company
	Yes or No
	Comments

	Samsung
	No
	We do not see the big difference between 2A and 2B in terms of overhead.

	Intel 
	No
	One or three more combinations with solution 2B compared to solution 2A does not seem to be a problem. In addition, we should keep in mind that the similar level of flexibility is already supported for inter-band CA. 

	Qualcomm
	No
	The difference in the overhead between the two solutions in minimal. In particular, the number of LTE bands that can support contiguous CA with more than 4 or more CCs is very limited. This implies that the overhead difference between the two solutions is not substantial in practice. 

	Nokia Networks
	Yes for signalling size
	Flexibility for the sake of flexibility does not help much, but the flexibility itself is not a problem. Instead, we think the signalling size should be considered.  

The maximum signalling sizes (per band combination) for 2-5 CCs would be, for each solution:

· 2A: 19 bits (i.e. fixed size for all cases)
· 2B: 13-31 bits (with 6 bit increments / added CC)
· 2C: 17-26 bits (with 3 bit increments /added CC)

· 2D: 16-25 bits (with 3 bit increments / added CC) 

	Ericsson
	Yes, for number of band combinations
	We are concerned that Solution 2B would invite to multiple band combination instances for the same contiguous CA band combination. Meaning a UE supporting e.g. both {8x8+8x8+2x2+2x2} and {8x8+4x4+4x4+4x4} would signal both (?).

	NTT DOCOMO
	Yes for the increased signaling size
	We share the concerns raised by Nokia NW and Ericsson.

	Huawei, HiSilicon
	Yes
	In our understanding, if MIMO and CSI capability is combined the number of possible combinations increases hugely.


Preferred solution 
Question 3: Which solution is preferred to indicate the finer granularity for MIMO/CSI capability in intra-band contiguous CA? 
	Company
	Preferred solution  (2A vs. 2B)
	Comments

	Samsung
	2B
	If RAN2 agrees to have finer granularity for the capability, the solution should provide precise information of the UE. As mentioned above, overhead difference between 2A and 2B is insignificant, while 2B provides precise information what UE can support.

	Intel
	2B
	As discussed in Question 1 and 2, we see more benefits than the concerns with Solution 2B. 

	Qualcomm
	2B
	We have the same understanding as Samsung. We also note that the general CA capability overhead (repetitions by the UE) is an independent topic from this enhancement and can be considered separately by RAN2.

	Nokia Networks
	2A or 2C
	We think the options 2A and 2C seems reasonable, since for the cases with >3 CCs where the differentiation seems most needed, the signalling size is minimized with 2A. In case additional flexibility is needed, 2C seems reasonable.

	Ericsson
	-
	Need more time to check new 2C/2D.

	NTT DOCOMO
	2E (2A)
	We think that Solution 2A is a reasonable approach between flexibility and signaling overhead. If the baseband processing capability for both MIMO and CoMP altogether is felt as a concern, a complement solution of 1A, i.e., Solution 2E can be considered.

	Huawei, HiSilicon
	-
	The signaling size will be increased too much especially when B5C is introduced. We should take it into account.


4 Email discussion result
4.1 Summary

1. 7 companies participated in the email discussion. 
a. 3 companies prefer Solution 2B.
b. 1 company prefers Solution 2A or 2C.
c. 1 company prefers Solution 2E (2A).
d. 2 companies didn’t express preference. 

2. Most of companies expressed that it is beneficial to support the cases that cannot be indicated by Solution 2A. 

a. 3 companies expressed that the cases are important to support. 

b. 4 companies expressed that the cases maybe important to support. 

3. The number of combinations with Solution 2A and Solution 2B are compared. 

a. 3 companies expressed that there is no difference between Solution 2A and Solution 2B. 

b. 4 companies didn’t express this issue directly. 

4. 2 companies are concerned on the signaling size of Solution 2B, which may have larger size than Solution 2A.  New solutions (2C, 2D, 2E) were proposed to avoid signaling overhead than Solution 2B while having more flexibility than Solution 2A.  However, due to the lack of time, companies couldn’t discuss the new solutions in detail. 
4.2 Recommendation

As outcome of the email discussion, the following is proposed: 
Proposal 1: RAN2 to discuss about the concern on the signaling size of Solution 2B. 

Proposal 2: if RAN2 agreed that the signaling size of Solution 2B is not a problem, RAN2 agrees Solution 2B (MIMO/CSI capability per CC). 
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