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1. Introduction
During RAN2#90, the capability signalling for up to 32CC carrier aggregation was discussed and LS R2-152913 was sent to RAN4 asking for related clarifications. During the further discussion on the topic in RAN2#91, it was agreed that the principle of eNB requesting the capabilities for more than 5CCs was agreed and further details on signalling enhancements were left up to e-mail discussion 91#21 to decide. In the e-mail discussion, several proposals were included and the e-mail discussion report R2-154249 was discussed during RAN2#91bis. As a conclusion, some proposals were agreed as shown below:
Agreements

1
Introduce some extension to the network request mechanism

1a
Network can request maximum number of DL CCs and maximum number of UL CCs (minimum number will need to be agreed considering backward compatibility issues)

1b
Network can request supported indexes (only if we also agree index reporting)

1c
FFS Network can request whether the UE reports using new format or legacy format

2
We will send an LS to RAN4 to ask if the index to their band combination tables is feasible. 

Finally, a new e-mail discussion 91bis#10 was agreed, with the intent to capture the agreements in a CR that can be used as a baseline for the other contributions.
	[91bis#10][LTE/CA-enh] UE capabilities (Nokia)
-
Create baseline CR to 36.331 to include the mechanisms agreed so far. Baseline CR is to be used as a basis for discussion of other proposals.

-
Details of fallback solution can also be discussed and if agreeable then can also be included in the baseline CR.

-
Intended outcome: Agreeable baseline CR for next meeting.


The deadline of this email discussion is Thursday, 2015-11-05, 23:59 Pacific Time. However, to facilitate the discussion, I would encourage companies to provide their inputs before Saturday 2015-10-31 so I can share a CR draft on the reflector based on the discussion on Monday, to allow companies to use that for any CRs to RAN2#92. Also note that the discussion on the fallback solutions and the attempt to see how they would work with the baseline CR can be done in parallel to the main discussion, with the normal discussion deadline. 
2. Outline of this e-mail discussion
2.1 Background: Discussion during RAN2#91bis

Chairman’s notes

The online discussion during RAN2#91bis was only based on e-mail discussion outcome R2-154249, but documents R2-154293, R2-154340, R2-154759, R2-154732 were submitted as input. The discussion, as shown in the (draft) RAN2#91bis chairman’s minutes, is shown below:
	UE Capabilities
R2-154250
Report of [91#21][LTE/CAfe] Capability signalling enhancements
Nokia Networks
report
related to email discussion [91#20]; late revised to R2-154895
R2-154895
Report of [91#21][LTE/CAfe] Capability signalling enhancements
Nokia Networks
report

related to email discussion [91#21]
Rel-13
LTE_CA_enh_b5C-Core

revision of R2-154250
-
Huawei suggest to focus on methods that only impact RAN2.

-
Intel clarify their proposal is to decouple uplink and downlink as currently the UE needs to duplicate downlink many times for different uplink capabilities. Nokia think it may be treated separately. Intel explain the gain is due to the change in signalling structure and not due to how much common capability between the band combinations.

Group D

-
Huawei think network should be able to request maximum number of carriers

-
Options proposed:

-
Measurement gap capabilities (request only for specific bands)

-
RAT specific gap capabilities (request only for specific RATs and bands)
-
Max number of CCs

-
Network can request whether the UE reports with legacy or new IEs. (new eNB can covert to legacy format)

-
Bandwidth combination set

-
Huawei not sure that the gap capabilities will help reduce signalling that much. Ericsson think this is one of the biggest items as it is currently a 64bit bitmap.

-
Samsung this that the gap capabilities may not be needed if the number bands and combinations can be limited. Intel agree. Max CC can be the first priority.

-
Nokia for RAT specific gap capabilities may have impact to UTRA specs, etc. Ericsson clarify it is only referring to the RRC coded measurement capabilities.

-
Huawei think that gap capabilities may have some backward compatibility issues. Ericsson think we need to consider this for all solutions. Ericsson think the number of bands combinations is fixed but the number of parameters per combination should be limited.

-
Nokia think max CC may be easiest and also not have backward compatibility issues as the format is the same.

-
Qualcomm think there is interaction with other solutions such as index to the RAN4 CA combination table. Huawei think the index approach may not help as the capabilities of each band still need to be provided.

-
Intel think the index to RAN table looks simple but not sure how future proof it is. Qualcomm think that as we go beyond 5CC the number of combinations supported per operator is small. Ericsson think RAN4 may not use this approach in future.

-
Intel think what we index to RAN tables depends on other solutions.

Agreements

1
Introduce some extension to the network request mechanism

1a
Network can request maximum number of DL CCs and maximum number of UL CCs (minimum number will need to be agreed considering backward compatibility issues)

1b
Network can request supported indexes (only if we also agree index reporting)

1c
FFS Network can request whether the UE reports using new format or legacy format

2
We will send an LS to RAN4 to ask if the index to their band combination tables is feasible. 

=>
Draft LS to RAN4 to ask if the index to their band combination tables is feasible. R2-154983 (Nokia)

=>
Offline discussion to continue to find agreeable solutions (Nokia, Tero)

=>
Email discussion to select from the solutions so far proposed (no new solutions). Scope of email to be concluded after offline discussion.

-
Nokia gives update on offline discussion. Agreed to create stage 3 CR on agreements so far. Email discussion for the CR. Companies can still propose more approaches based on the CR. Several companies thought it useful for the eNB to request specific capabilities (e.g. MIMO capabilities, NAICS capabilities, etc) to be reported. There was also interest in fallback support. 

-
Vodafone think we need to consider the capability request more. This will require additional coordination across the network.

-
Huawei think the capability request can be considered as a proposal in the next meeting. One aspect to be considered is to ensure backward compatibility.

-
Intel think the eNB could request whether it wants subset information. Prefer this is discussed in the next meeting and not in the stage 3 CR.

-
DCM think baseline for the fallback is that UE indicates just one combination with max carriers in UL and DL. If there are different capabilities for lower number of carriers then it can be discussed on top.

-
Qualcomm think the fallback solution is acceptable but there is still the question whether the network can request the fallback.

· =>
Email discussion on a baseline CR include the mechanisms agreed so far. Intended outcome: Agreeable CR for next meeting and for use as basis for discussion on other proposals. Details of fallback solution can also be discussed and if agreeable then it can also be included in the baseline CR. (Nokia)

R2-154983
Draft LS to RAN4 on Capability signalling enhancements (to: RAN4; cc: -; contact: Nokia Networks)
Nokia Networks
LS out
Rel-13
LTE_CA_enh_b5C-Core
=>
Remove the sentence " This has been shown to reduce number of bits required for indicating the supported band combinations in capability signalling "

=>
Approved LS in R2-155006
R2-154293
Discussion on UE capability signaling for B5C
Intel Corporation
discussion

R2-154340
UE CA capability signalling for B5C
Huawei, HiSilicon
discussion

R2-154759
Capability signalling for more than 5 carriers 
Ericsson
discussion

R2-154732
UE capability size reduction
Samsung Telecommunications
other
wrong Type used; it should be type discussion



2.2 Topics handled in this e-mail discussion
As per the e-mail discussion purpose, the primary goal of the discussion is to produce an RRC CR capturing the agreements so far. These can be divided to following topics:

1) Network-request for enhanced CA capabilities (including discussion on new format vs. old format)
2) Indicating minimum/maximum number of CCs for which CA capabilities are requested

3) Utilizing index in TS36.101 for purpose of identifying band combinations

For all of the above topics, ASN.1 details should be discussed and the outcome should be a merged baseline CR against the latest RRC specification (i.e. v. 12.7.0)

In addition to these, the following topic can also be discussed:

4) Support of fallback combinations

Here, the discussion should the aim to have a decision on whether to include the proposal in the baseline CR. ASN.1 proposal for that should also be provided in case it is decided to adopt the solution.
3. Network-request procedure for enhanced CA capabilities
3.1 Reusing the existing network-requested CA capabilities
RAN2 has decided to adopt network-requested capabilities as the baseline for CA capability enhancements. Since this is similar to the existing Rel-11 feature, the following questions are raised:

1) Can we reuse the existing UE capability enquiry procedure for the enhanced CA capabilities?

2) Can the Rel-13 mechanism in addition be used together with the existing mechanism for requesting capabilities for certain frequency bands? 

3) How to implement the mechanism in RRC specification (procedural text and ASN.1)?
	Company 
	Question 1: Can we reuse the existing UE capability enquiry procedure for the enhanced CA capabilities?


	
	Yes or no
	Comments

	Nokia Networks
	Yes
	It seems simplest and safest to use the existing procedure.

	NTT DOCOMO
	Yes
	The existing UECapabilityEnquiry message can be enhanced to request the enhanced CA capabilities.

	Ericsson
	Yes
	The existing capability enquiry procedure should be reused.

	Intel 
	Yes
	Reusig the existing UE capability enquiry procedure is the simplest and kind of straightforward way. 

	Huawei/Hisilicon
	Yes
	Agree that The existing UECapabilityEnquiry message can be reused with enhancement.

	Qualcomm
	Yes
	No reason to define a new one

	
	
	


Conclusions: All companies agree to reuse the existing UE capability enquiry procedure.
· Reuse existing UE capability enquiry procedure.

	Company 
	Question 2: Can the Rel-13 mechanism in addition be used together with the existing mechanism for requesting capabilities for certain frequency bands?


	
	Yes or no
	Comments

	Nokia Networks
	Yes
	The new mechanism should enhance the existing mechanism without needing to replace it. Hence, new fields should be in addition to existing fields, not replacing them.

	NTT DOCOMO
	Yes
	The Rel-13 mechanism can be used together with the Rel-11 mechanism assuming that the Rel-13 enhancement is aimed at retrieving the CA band combinations contained in a new format, e.g., supportedBandCombinarion-r13.

	Ericsson
	Yes
	Even though it is up to the NW implementation, the existing NW requested CA capability should be the basis and any Rel-13 mechanisms will be further enhancements.  

	Intel
	Yes
	We share the same view that the new Rel-13 UE capability enquiry should be used together with the legacy mechanism to address backward compatible concerns assuming a new UE capability structure would be used for Rel-13 UE capability enquiry to reduce capability size.  

	Huawei/Hisilicon
	Yes
	The Rel-13 mechanism can be used together with the Rel-11 mechanism.

	Qualcomm
	Yes
	The new mechanism should not break or replace the existing request for backwards compatibility

	
	
	


Conclusions: All companies agree the Rel-13 mechanism can be used together with the existing Rel-11 mechanism. 

· Rel-13 request mechanism can be used together with the Rel-11 request mechanism. 

	Company 
	Question 3: 
How to implement the mechanism in RRC specification (procedural text and ASN.1)?


	
	RRC implementation proposal 

	Nokia Networks
	The change can be done as non-critical extension to existing UE capability enquiry. An additional flag in the NCE indicates that the UE should input the capabilities in a new format, as shown below (additions highlighted in yellow).

UECapabilityEnquiry-v1180-IEs ::= SEQUENCE {


requestedFrequencyBands-r11


SEQUENCE (SIZE (1..16)) OF FreqBandIndicator-r11






OPTIONAL,


nonCriticalExtension



UECapabilityEnquiry-v13xy-IEs
OPTIONAL

}

UECapabilityEnquiry-v13xy-IEs ::= SEQUENCE {


requestReducedFormat-r13


ENUMERATED{true}




OPTIONAL,


nonCriticalExtension



SEQUENCE {}





OPTIONAL

}
For procedural text, a new clause needs to be indicated in the existing procedure to show which IE UE is supposed to fill, e.g. like this (additions highlighted in yellow).:

4>
if the UECapabilityEnquiry message includes requestReducedFormat and UE supports requestReducedFormat:
5>
include in supportedBandCombinations-v13xy as many of the target band combinations as possible, determined according to the above, while observing the priority order; 

4>
else:
5>
include in supportedBandCombination as many of the target band combinations as possible, determined according to the above, while observing the priority order;

5>
include in supportedBandCombinationAdd as many of the remaining target band combinations as possible, i.e. the target band combinations the UE was not able to include in supportedBandCombination, and limited to those consisting of bands included in requestedFrequencyBands, while observing the priority order;



	NTT DOCOMO
	Please find an example below this table.

	Ericsson
	Our opinion is that the overall principle should be discussed first before proceeding with other questions and starting to look at ASN.1 details/procedural text. Especially how to handle the backwards compatibility issue (i.e. a target legacy eNB still being able to receive and understand the UE CA capability at HO and initial connection setup) should be clarified first. Below is one proposal for discussion.  

For backwards compatibility reason, the UE shall still report the capabilities using the existing lists (supportedBandCombination-r10 and supportedBandCombinationAdd-r11) and current signaling format, but can be limited to e.g. up to 4DL+2UL CA band combinations. We can discuss how to limit this signaling, e.g. to the requested bands. A new list e.g. supportedBandCombinationNew-r13 can be introduced for the UE who supports more than 4DL+2UL to signal the capability using the enhanced signalling. The current network requested CA capability procedure would ensure the UE capability size is kept at an acceptable level, even though the UE is required to include both the existing band combination lists for up to 4DL+2UL and the new band combination list for all supported band combinations including beyond 4DL+2UL. In this way the legacy eNB which does not support the enhanced signalling would still be able to continue CA for up to 4DL+2UL at HO.  
Regarding how to request the UE to provide the capability using the new list and the enhanced signalling, no separate flag is required and the presence of the request for the max number of CCs on DL/UL (should be larger than 4DL and 2UL) in the capability enquiry could mean that the UE if supporting more than 4DL+2UL shall also provide its capabilty in the new list using the enhanced signalling. 

However if all the eNBs in a network support the enhanced signalling, one 1-bit indicator in the capability enquiry can be used to request the UE to only provide the new band combination list using enhanced signalling. The UEs supporting more than 4DL+2UL shall support the enhanced capability signalling. 

	Intel
	We share the view from Ericsson that the UE shall still report the capabilities using the existing lists (supportedBandCombination-r10 and supportedBandCombinationAdd-r11) for backward compatibility reason.  RAN2 already agreed to define minimum number of DL CCs and UL CCs that can be applicable for new network request.

	Huawei/Hisilicon
	No strong view.

	Qualcomm
	Both examples are fine; the only difference seems to be the name of the IE.


NTT DOCOMO proposal:

-----------------------------------------------------------------------------------------------------------------------------------------------
	The First Change


5.6.3
UE capability transfer

<< skip unchanged part >>
5.6.3.3
Reception of the UECapabilityEnquiry by the UE

The UE shall:

<< skip unchanged part >>
3>
if the UECapabilityEnquiry message includes requestedFrequencyBands and UE supports requestedFrequencyBands:

4>
create a set of band combinations supported by the UE, including non-CA combinations, target for being included in supportedBandCombination while observing the following order (i.e. listed in order of decreasing priority):

-
include all non-CA bands, regardless of whether UE supports carrier aggregation, only:

-
if the UE includes ue-Category-v1020 (i.e. indicating category 6 to 8); or

-
if for at least one of the non-CA bands, the UE supports more MIMO layers with TM9 and TM10 than implied by the UE category; or

-
if the UE supports TM10 with one or more CSI processes;

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

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

-
include all other CA band combinations, only consisting of bands included in requestedFrequencyBands, and prioritized in the order of requestedFrequencyBands, (i.e. first include remaining band combinations containing the first-listed band, then include remaining band combinations containing the second-listed band, and so on);

4>
if the enhancedCAbandComReq is set to true in the UECapabilityEnquiry message and the UE supports it:

5>
include the target band combinations determined according to the above in the supportedBandCombination-r13, while observing the priority order;

4>
else:
5>
include in supportedBandCombination as many of the target band combinations as possible, determined according to the above, while observing the priority order;

5>
include in supportedBandCombinationAdd as many of the remaining target band combinations as possible, i.e. the target band combinations the UE was not able to include in supportedBandCombination, and limited to those consisting of bands included in requestedFrequencyBands, while observing the priority order;

4> indicate in requestedBands the same bands and in the same order as included in the received requestedFrequencyBands;

3>
else

4>
create a set of band combinations supported by the UE, including non-CA combinations, target for being included in supportedBandCombination:

-
include all non-CA bands, regardless of whether UE supports carrier aggregation, only:

-
if the UE includes ue-Category-v1020 (i.e. indicating category 6 to 8); or

-
if for at least one of the non-CA bands, the UE supports more MIMO layers with TM9 and TM10 than implied by the UE category; or 

-
if the UE supports TM10 with one or more CSI processes;

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

-
include all other CA band combinations;

4>
if the enhancedCAbandComReq is set to true in the UECapabilityEnquiry message and the UE supports it:

5>
include the target band combinations determined according to the above in the supportedBandCombination-r13;

4>
else:
5>
include in supportedBandCombination as many of the target band combinations as possible, determined according to the above;

5>
if the number of non-CA and CA band combinations supported by UE exceeds the maximum number of band combinations of supportedBandCombination, the selection of subset of band combinations is up to UE implementation;

	The Next Change


–
UECapabilityEnquiry
The UECapabilityEnquiry message is used to request the transfer of UE radio access capabilities for E‑UTRA as well as for other RATs.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: E‑UTRAN to UE

UECapabilityEnquiry message
-- ASN1START

UECapabilityEnquiry ::=



SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE {




ueCapabilityEnquiry-r8



UECapabilityEnquiry-r8-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

UECapabilityEnquiry-r8-IEs ::=

SEQUENCE {


ue-CapabilityRequest



UE-CapabilityRequest,


nonCriticalExtension



UECapabilityEnquiry-v8a0-IEs

OPTIONAL

}

UECapabilityEnquiry-v8a0-IEs ::= SEQUENCE {


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



UECapabilityEnquiry-v1180-IEs






OPTIONAL

}

UECapabilityEnquiry-v1180-IEs ::= SEQUENCE {


requestedFrequencyBands-r11


SEQUENCE (SIZE (1..16)) OF FreqBandIndicator-r11






OPTIONAL,


nonCriticalExtension



UECapabilityEnquiry-v13x0-IEs






OPTIONAL

}

UECapabilityEnquiry-v13x0-IEs ::= SEQUENCE {


enhancedCAbandCombReq-r13


BOOLEAN







OPTIONAL,

nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

UE-CapabilityRequest ::=

SEQUENCE (SIZE (1..maxRAT-Capabilities)) OF RAT-Type

-- ASN1STOP

	UECapabilityEnquiry field descriptions

	enhancedCAbandCombReq
Indicates that the UE if supported is requested to provide supported CA band combinations in the supportedBandCombination-r13 instead of the supportedBandCombination-r10.

	ue-CapabilityRequest

List of the RATs for which the UE is requested to transfer the UE radio access capabilities i.e. E-UTRA, UTRA, GERAN-CS, GERAN-PS, CDMA2000.

	requestedFrequencyBands

List of frequency bands for which the UE is requested to provide supported CA band combinations and non CA bands.


	End of Changes


------------------------------------------------------------------------------------------------------------------------------------------------
Conclusions: See the merged CR proposal. 

· Discuss whether UE should always use the legacy format for up N DL + M UL combinations, including how the N and M would be selected.
3.2 Format of the requested capabilities
The second topic RAN2 should decide is whether the legacy format (i.e. the legacy fields for band combinations, namely the various SupportedBandCombination fields within UE-EUTRA-Capability) is used, or whether a new format (i.e. new IE and field added within UE-EUTRA-Capability) is defined to allow more compact form of capabilities to be used. Hence, the following questions should be considered:
4) Should a new format be introduced for UE band combination capabilities in Rel-13?

5) If a new format is introduced, should it always be used when the Rel-13 request is triggered, or should there be an explicit field indicating whether old or new format is used?
6) If a new format is introduced, how should it be done in RRC specification (procedural text and ASN.1)?

	Company 
	Question 4: Should a new format be introduced for UE band combination capabilities in Rel-13?



	
	Yes or no
	Comments

	Nokia Networks
	Yes
	A new format allows optimizing the size of the UE capabilities.

	NTT DOCOMO
	Yes
	Since the motivation of capability signaling enhancements is to reduce the signaling size significantly, a new format is the ideal way for this purpose. Otherwise, the gain of reusing the legacy format would be limited.

	Ericsson
	
	Whether a new signaling structure for reporting the new band combination list is introduced or not depends on what solutions for reducing the capability signaling will be agreed. 

	Intel 
	
	We share Ericsson view that the need of a new signaling structure depends on respective solutions.  

	Huawei/Hisilicon
	Yes 
	Based on requested from network for B5C, the UE include all supported band combinations into a new band combination list with optimized capability signalling structure.

	Qualcomm
	Depends
	If indexing is decided to be adopted, a new format is needed. However, the legacy format can be used otherwise.

	
	
	

	
	
	


Conclusions: Slight majority (4 out of 7) think a new signalling structure is needed. 3 companies think the need for a new format depends on the solutions. 

· Introduce new format for Rel-13 capability signalling.

	Company 
	Question 5: If a new format is introduced, should it always be used when the Rel-13 request is triggered, or should there be an explicit field indicating whether old or new format is used?

	
	Yes or no
	Comments

	Nokia Networks
	Yes
	Since request could be sent also legacy UEs, explicit indicator seems safest. Hence, we think the request should indicate in which format the eNB desires the capabilities – both old and new formats should be supported by the UE. If the flag indicating the new format is not present, UE should still obey the other restrictions (e.g. number of CCs) in the request while filling up the old structures.

	NTT DOCOMO
	Yes, i.e., the former option
	The same answer as sub-clause 3.1. Namely, a new format is used if it is requested in the UECapabiltiyEuquiry message. Otherwise, the legacy format is used.

	Ericsson
	
	When to provide a new band combination list is discussed in answer to question 3 above. 

	Intel 
	
	No strong view on this. 

The presence of the request for the max number of CCs on DL/UL (should be larger than 4DL and 2UL) in the capability enquiry can be used to indicate UE to use new format. While, a flag as proposed by Nokia is also fine for us to give flexibility to NW to choose which structure to be used. 

	Huawei/Hisilicon
	No
	The network supporting B5C could create supportedBandCombination and supportedBandCombinationAdd based on the new band combination list and report the legacy band combination lists as well as new band combination list to the MME so that the target eNB could use the capability without request from UE again

	Qualcomm
	Yes
	If a new format is introduced, an explicit indicator is needed to allow the network to use legacy signaling for both legacy and new UEs.

	
	
	

	
	
	


Conclusions: Majority prefers that eNB explicitly indicates whether the new format would be used.
· eNB shall explicitly indicate whether it wishes UE to use the new format.

	Company 
	Question 6: If a new format is introduced, how should it be done in RRC specification (procedural text and ASN.1)?


	
	RRC implementation proposal

	Nokia Networks
	The new format should be introduced as normal NCE in UE-EUTRA-Capability. See below for example of this:

UE-EUTRA-Capability-v1270-IEs ::= SEQUENCE {


rf-Parameters-v1270




RF-Parameters-v1270





OPTIONAL,


nonCriticalExtension



UE-EUTRA-Capability-v13xy-IEs 


OPTIONAL
}

UE-EUTRA-Capability-v13xy-IEs ::= SEQUENCE {


rf-Parameters-v13xy




RF-Parameters-v13xy





OPTIONAL,


nonCriticalExtension



SEQUENCE {}







OPTIONAL
}

RF-Parameters-v13xy ::=



SEQUENCE {

supportedBandCombinations-v13xy


SupportedBandCombination-v13xy


OPTIONAL

}
For procedural text, the new IE name just needs to be indicated where UE is instructed to fill in the supported band combinations. This is shown in answer to Q3, i.e.

5>
include in supportedBandCombinations-v13xy as many of the target band combinations as possible, determined according to the above, while observing the priority order; 



	NTT DOCOMO
	Please find an example of the new format, suportedBandCombination-r13 below this table. This example includes all fields and IEs specified in the supportedBandCombination-r10/-v1xyz so far.

	Huawei/Hisilicon
	No strong view.

	Qualcomm
	Just increasing the maxBandComb is sufficient if indexing is not adopted.

	
	

	
	

	
	


NTT DOCOMO proposal:

-----------------------------------------------------------------------------------------------------------------------------------------------
UE-EUTRA-Capability information element
-- ASN1START

<< skip unrelated part >>
SupportedBandCombination-r13 ::= SEQUENCE (SIZE (1..maxBandComb-r13
)) OF BandCombinationParameters-r13
BandCombinationParameters-r13 ::=
SEQUENCE {


bandParameterList-r13


SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParameters-r13,


supportedBandwidthCombinationSet-r13
SupportedBandwidthCombinationSet-r10
OPTIONAL,


multipleTimingAdvance-r11

ENUMERATED {supported}




OPTIONAL,


simultaneousRx-Tx-r11


ENUMERATED {supported}




OPTIONAL,


bandInfoEUTRA-r13



BandInfoEUTRA,


dc-Support-r12




SEQUENCE {



asynchronous-r12



ENUMERATED {supported}


OPTIONAL,



supportedCellGrouping-r12

CHOICE {





threeEntries-r12



BIT STRING (SIZE(3)),





fourEntries-r12




BIT STRING (SIZE(7)),





fiveEntries-r12




BIT STRING (SIZE(15))



}















OPTIONAL


}
















OPTIONAL,

supportedNAICS-2CRS-AP-r12

BIT STRING (SIZE (1..maxNAICS-Entries-r12))

OPTIONAL,

commSupportedBandsPerBC-r12



BIT STRING (SIZE (1.. maxBands))

OPTIONAL
}

BandParameters-r11 ::= SEQUENCE {


bandEUTRA-r11




FreqBandIndicator-r11,


bandParametersUL-r11


BandParametersUL-r10




OPTIONAL,


bandParametersDL-r13


BandParametersDL-r13




OPTIONAL,


supportedCSI-Proc-r11


ENUMERATED {n1, n3, n4}




OPTIONAL

}

BandParametersDL-r13 ::= SEQUENCE (SIZE (1..maxBandwidthClass-r10)) OF CA-MIMO-ParametersDL-r13
CA-MIMO-ParametersDL-r13 ::= SEQUENCE {


ca-BandwidthClassDL-r13



CA-BandwidthClass-r10,


supportedMIMO-CapabilityDL-r13

MIMO-CapabilityDL-r10



OPTIONAL,


fourLayerTM3-TM4-r10



ENUMERATED {supported}



OPTIONAL,


intraBandContiguousCC-InfoList-r13


SEQUENCE (SIZE (1..maxServCell-r10)) OF IntraBandContiguousCC-Info-r12
}
<< skip unrelated part >>
-- ASN1STOP
------------------------------------------------------------------------------------------------------------------------------------------------
Conclusions: See merged CR for proposal. 

4. Indicating maximum/minimum number of UL/DL CCs

4.1 Indicating maximum number of aggregated CCs
As per RAN2 decision, the UE capability request mechanism should be able to indicate the maximum number of aggregated CCs that eNB is interested in. However, since several band combinations may have different bandwidth combination sets with varying bandwidth but the same number of CCs. Therefore, the following questions should be discussed:
7) How is the maximum number of CCs indicated: As a number of CCs or as the maximum bandwidth? 

8) How to implement the request for maximum number of CCs in RRC specification (procedural text and ASN.1)?

	Company 
	Question 7: How is the maximum number of CCs indicated: As a number of CCs or as the maximum bandwidth (in MHz)? 


	
	CCs or Mhz
	Comments

	Nokia Networks
	CCs
	Since the eNB knows for how many cells it wishes to do CA, it makes more sense for the UE to indicate the maximum number of CCs. 

For example: Assume UE supports the following band DL combinations: 

· CA_41D, CA_41C, CA_41A

· CA_1A_41C, CA_1A_41A

· CA_23A_23A, CA_23B

Assume eNB indicates it wishes to receive max. 2 DL CC band combinations. Therefore, band combinations CA_41D and CA_1a_41C (which both have 3 CCs in total) are not applicable for the request, so UE would indicate the following supported band combinations in the response to the eNB capability enquiry:

· CA_41C, CA_41A

· CA_1A_41A

· CA_23A_23A, CA23B

	NTT DOCOMO
	CCs
	Per CC granularity is simpler than per MHz. If the different BW combination set is supported, it can be reported together with the existing supportedBandwidthCombinationSet. Even for per BW granularity, the UE anyway has to report the original CA band combination plus the bit string of supported BW set for which the signaling size is the same as it is and so cannot be reduced..

	Ericsson
	Per CC
	Different supportedBandwidthCombinationSet can be still reported using the existing bit string. If indicating the maximum aggregated bandwidth instead of number of CCs, the UE still need to signal the supported band combination. So it does not reduce/limit the capability signaling. 
It should be also noted that the solution indicating the requested max number of CCs alone will not solve the capability size issue at all if the interested number of CCs in a network is up to 32CC. 

	Intel 
	CCs
	Using CC numbers instead of BW seems a more effective signaling way to achieve the design target. 

	Huawei/Hisilicon
	CCs
	The network could request the UE to report the capability within some combination of bandwidth class (for example total carrier number < request number and/or maximum bandwidth < request bandwidth),

	Qualcomm
	CCs
	Agree with DOCOMO. The supportedBandwidthCombinationSet can be used to signal different bandwidths for the same number of CCs.

	
	
	


Conclusions: All companies agree the indication should as maximum number of CCs.
· eNB can indicate maximum number of CCs to be indicated in UE capability signalling.

	Company 
	Question 8: How to implement the request for maximum number of CCs in RRC specification (procedural text and ASN.1)?


	
	RRC implementation proposal 

	Nokia Networks
	If the request is done based on number of CCs, the simplest way is to just use integer to indicate the maximum number of CCs, e.g. as below (NOTE: only the fields with request maximum number of CCs is shown in this example):

UECapabilityEnquiry-v1180-IEs ::= SEQUENCE {


requestedFrequencyBands-r11


SEQUENCE (SIZE (1..16)) OF FreqBandIndicator-r11






OPTIONAL,


nonCriticalExtension



UECapabilityEnquiry-v13xy-IEs


OPTIONAL

}

UECapabilityEnquiry-v13xy-IEs ::= SEQUENCE {


maximumCarriersDownlink-r13


INTEGER(2..32)




OPTIONAL,


maximumCarriersUplink-r13


INTEGER(2..31)




OPTIONAL,


nonCriticalExtension



SEQUENCE {}





OPTIONAL

}

For procedural text, the conditions should indicate that UE fills only the band combinations with at most the indicated amount of DL/UL serving cells, e.g. as shown below:
4>
if the UECapabilityEnquiry message includes maximumCarriersDownlink-r13:

-
include only CA band combinations that allow at most maximumCarriersDownlink-r13 DL CA;

4>
if the UECapabilityEnquiry message includes maximumCarriersUplink-r13:

-
include only CA band combinations that allow at most maximumCarriersUplink-r13 UL CA;


	NTT DOCOMO
	Please find an example below this table on top of the example provided in sub-clause 3.1. The relevant changes are marked with aqua.

	Ericsson
	A requested maximum number of CCs for DL and UL separately can be introduced in the capability enquiry.  

	Intel
	We are fine with Nokia Networks’s proposal except up to 32 UL CCs needs to be supported in enquiry message. 

	Huawei/Hisilicon
	No strong view

	Qualcomm
	Both examples are fine. However, the Boolean flag in the DOCOMO example is probably not needed. 


NTT DOCOMO proposal:

-----------------------------------------------------------------------------------------------------------------------------------------------
	The First Change


5.6.3
UE capability transfer

<< skip unchanged part >>
5.6.3.3
Reception of the UECapabilityEnquiry by the UE

The UE shall:

<< skip unchanged part >>
3>
if the UECapabilityEnquiry message includes requestedFrequencyBands and UE supports requestedFrequencyBands:

4>
create a set of band combinations supported by the UE, including non-CA combinations, target for being included in supportedBandCombination while observing the following order (i.e. listed in order of decreasing priority):

-
include all non-CA bands, regardless of whether UE supports carrier aggregation, only:

-
if the UE includes ue-Category-v1020 (i.e. indicating category 6 to 8); or

-
if for at least one of the non-CA bands, the UE supports more MIMO layers with TM9 and TM10 than implied by the UE category; or

-
if the UE supports TM10 with one or more CSI processes;

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

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

-
include all other CA band combinations, only consisting of bands included in requestedFrequencyBands, and prioritized in the order of requestedFrequencyBands, (i.e. first include remaining band combinations containing the first-listed band, then include remaining band combinations containing the second-listed band, and so on);

4>
if the UECapabilityEnquiry message includes the requestedMaxCCsDL and/or requestedMaxCCsUL and UE supports it:

5>
include the target band combinations for which the number of CCs in DL and UL is up to the value indicated in the requestedMaxCCsDL and/or requestedMaxCCsUL;
4>
if the enhancedCAbandComReq is set to true in the UECapabilityEnquiry message and the UE supports it:

5>
include the target band combinations determined according to the above in the supportedBandCombination-r13, while observing the priority order;

4>
else:
5>
include in supportedBandCombination as many of the target band combinations as possible, determined according to the above, while observing the priority order;

5>
include in supportedBandCombinationAdd as many of the remaining target band combinations as possible, i.e. the target band combinations the UE was not able to include in supportedBandCombination, and limited to those consisting of bands included in requestedFrequencyBands, while observing the priority order;

4> indicate in requestedBands the same bands and in the same order as included in the received requestedFrequencyBands;

3>
else

4>
create a set of band combinations supported by the UE, including non-CA combinations, target for being included in supportedBandCombination:

-
include all non-CA bands, regardless of whether UE supports carrier aggregation, only:

-
if the UE includes ue-Category-v1020 (i.e. indicating category 6 to 8); or

-
if for at least one of the non-CA bands, the UE supports more MIMO layers with TM9 and TM10 than implied by the UE category; or 

-
if the UE supports TM10 with one or more CSI processes;

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

-
include all other CA band combinations;

4>
if the UECapabilityEnquiry message includes the requestedMaxCCsDL and/or requestedMaxCCsUL and UE supports it:

5>
include the target band combinations for which the number of CCs in DL and UL is up to the value indicated in the requestedMaxCCsDL and/or requestedMaxCCsUL;
4>
if the enhancedCAbandComReq is set to true in the UECapabilityEnquiry message and the UE supports it:

5>
include the target band combinations determined according to the above in the supportedBandCombination-r13;

4>
else:
5>
include in supportedBandCombination as many of the target band combinations as possible, determined according to the above;

5>
if the number of non-CA and CA band combinations supported by UE exceeds the maximum number of band combinations of supportedBandCombination, the selection of subset of band combinations is up to UE implementation;

	The Next Change


–
UECapabilityEnquiry
The UECapabilityEnquiry message is used to request the transfer of UE radio access capabilities for E‑UTRA as well as for other RATs.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: E‑UTRAN to UE

UECapabilityEnquiry message
-- ASN1START

UECapabilityEnquiry ::=



SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE {




ueCapabilityEnquiry-r8



UECapabilityEnquiry-r8-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

UECapabilityEnquiry-r8-IEs ::=

SEQUENCE {


ue-CapabilityRequest



UE-CapabilityRequest,


nonCriticalExtension



UECapabilityEnquiry-v8a0-IEs

OPTIONAL

}

UECapabilityEnquiry-v8a0-IEs ::= SEQUENCE {


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



UECapabilityEnquiry-v1180-IEs






OPTIONAL

}

UECapabilityEnquiry-v1180-IEs ::= SEQUENCE {


requestedFrequencyBands-r11


SEQUENCE (SIZE (1..16)) OF FreqBandIndicator-r11






OPTIONAL,


nonCriticalExtension



UECapabilityEnquiry-v13x0-IEs






OPTIONAL

}

UECapabilityEnquiry-v13x0-IEs ::= SEQUENCE {


enhancedCAbandCombReq-r13


BOOLEAN







OPTIONAL,

requestedMaxCCsDL-r13



INTEGER (2..32)





OPTIONAL,

requestedMaxCCsUL-r13



INTEGER (2..32)





OPTIONAL,

nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

UE-CapabilityRequest ::=

SEQUENCE (SIZE (1..maxRAT-Capabilities)) OF RAT-Type

-- ASN1STOP

	UECapabilityEnquiry field descriptions

	enhancedCAbandCombReq
Indicates that the UE if supported is requested to provide supported CA band combinations the supportedBandCombination-r13 instead of the supportedBandCombination-r10.

	ue-CapabilityRequest

List of the RATs for which the UE is requested to transfer the UE radio access capabilities i.e. E-UTRA, UTRA, GERAN-CS, GERAN-PS, CDMA2000.

	requestedFrequencyBands

List of frequency bands for which the UE is requested to provide supported CA band combinations and non CA bands.

	requestedMaxCCsDL, requestedMaxCCsUL

Indicates the maximum number of CCs for which the UE is requested to provide supported CA band combinations and non-CA bands.


	End of Changes


------------------------------------------------------------------------------------------------------------------------------------------------
Conclusions: See merged CR for proposal 
4.2 Minimum number of aggregated CCs

In addition to maximum number of aggregated CCs, the minimum number of aggregated CCs indicated to eNB needs to be decided. In Rel-11, the UE always indicates all band combinations up 2DL + 1UL for legacy compatibility. Hence, the following questions should be answered:

9) Do we stick to the Rel-11 minimum number (i.e. 2DL + 1UL) when indicating requested band combinations?

10) Is there a need to have an indication of “minimum number of aggregated CCs” in the new request?

11) If the minimum number is needed, how to implement it in RRC specification (procedural text and ASN.1)?

	Company 
	Question 9: Do we stick to the Rel-11 minimum number (i.e. 2DL + 1UL) when indicating requested band combinations?


	
	Yes or no
	Comments

	Nokia Networks
	Yes
	UE should conform to the Rel-11 mechanism to allow compatibility with legacy eNBs.

	NTT DOCOMO
	Yes
	The eNB anyway needs to know the supported fallback combinations even though the UE supports the higher number of CCs for a CA band combination. Otherwise, the fallback combination cannot be configured by the eNB.

	Ericsson
	
	See discussion in answer to question 3 above. The minimum number of CCs can be decided according to the solution for ensuring backwards compatibility. 

	Intel
	No 
	The 2DL+1UL was introduced for the backward compabtility when Rel-11 NW request was introduced. Given that 3 DL CCs + 2UL CCs is already supported, we need to extend the minimum number of DL CCs and UL CCs that the Rel-13 new NW request does not affect.  As Ericsson mentioned 4 DL CCs + 2 UL CCs seems a good compromisation.

	Huawei/Hisilicon
	Yes 
	Yes, for backward compatibility.

	Qualcomm
	Yes
	

	
	
	

	
	
	


Conclusions: Majority of companies (5 out of 7) prefers to stick to the Rel-11 minimum of 2DL+1UL. 2 companies would like to change this to 4DL+2UL. 

· Stick to Rel-11 principle of always indicating minimum of 2DL+1UL combinations. 

	Company 
	Question 10: Is there a need to have an indication of “minimum number of aggregated CCs” in the new request?


	
	Yes or no
	Comments

	Nokia Networks
	No
	We don’t see the necessity if UE always indicates at least the 2DL + 1UL cases.

	NTT DOCOMO
	No
	As commented to Question 9, the eNB needs to know the supported fallback combinations. From the eNB implementation point of view, it is not likely that the eNB supports the higher order CA but does not support the lower order CA.

	Ericsson
	No
	It could be sufficient with fixed minimum number of aggregated CCs.

	Intel 
	No
	We do not see a clear need and practical use case or scenarios to introduce this IE. 

	Huawei/Hisilicon
	No
	

	Qualcomm
	No
	

	
	
	

	
	
	


Conclusions: All companies agree that a minimum limitation is not needed to be configured by eNB.

· Do not introduce signalling for indicating the minimum number of aggregated CCs.

	Company 
	Question 11: If the minimum number is needed, how to implement it in RRC specification (procedural text and ASN.1)?


	
	RRC implementation proposal 

	Nokia Networks
	If needed, the ASN.1 for the minimum number of carriers should be simple, e.g. see below (on top of the request with maximum number of carriers, differences highlighted in yellow):

UECapabilityEnquiry-v1180-IEs ::= SEQUENCE {


requestedFrequencyBands-r11


SEQUENCE (SIZE (1..16)) OF FreqBandIndicator-r11






OPTIONAL,


nonCriticalExtension



UECapabilityEnquiry-v13xy-IEs


OPTIONAL

}

UECapabilityEnquiry-v13xy-IEs ::= SEQUENCE {


minimumCarriersDownlink-r13


INTEGER(2..32)




OPTIONAL,

maximumCarriersDownlink-r13


INTEGER(2..32)




OPTIONAL,


minimumCarriersUplink-r13


INTEGER(1..31)




OPTIONAL,

maximumCarriersUplink-r13


INTEGER(1..31)




OPTIONAL,


nonCriticalExtension



SEQUENCE {}





OPTIONAL

}

The procedural text should follow the one done for the maximum number of carriers, i.e.

4>
if the UECapabilityEnquiry message includes minimumCarriersDownlink-r13:

-
include CA band combinations that allow at least minimumCarriersDownlink-r13 DL CA;

4>
if the UECapabilityEnquiry message includes minimumCarriersUplink-r13:

-
include CA band combinations that allow at least minimumCarriersUplink-r13 UL CA;

	
	

	
	

	
	

	
	


Conclusions:Since the consensus is not to introduce this feature, it is not included in the merged CR proposal. 

5. Using index to refer to CA band combinations

5.1 Details of using index to TS36.101 tables 

RAN2 sent LS to RAN4 asking whether the indexes to RAN4 tables are feasible, but the ASN.1 implementation can be discussed to prepare for the case if RAN4 approves the RAN2 decision. Note that since the indexes require a new format for the capability enquiry and the capability information. Therefore, the following questions should be considered: 
12) Should it still be possible to use legacy format (i.e. explicit FBIs) in addition to the indexes in the request?

13) How should the indexing be implemented in RRC specification (procedural text and ASN.1)?

	Company 
	Question 12: Should it still be possible to use legacy format (i.e. explicit FBIs) in addition to the indexes in the request?


	
	Yes or no
	Comments

	Nokia Networks
	Yes for legacy request

No for Rel-13 request
	We should have as simple mechanism as possible for Rel-13. Defining the format in two ways (i.e. index or legacy FBI combination) would only create more complex ASN.1 structure. The legacy format can anyway be used with the legacy request – when eNB requested the reduced format, UE should always use the new format. 

	Qualcomm
	Yes
	For implementation flexibility, the Rel-13 requestt should allow both legacy and new format

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Conclusions: Unclear. 1 company would like to only use indexes in Rel-13 format, whereas one company would like to allow both formats. 

· Attempt to implement the index in the baseline CR but remove it if RAN4 finds issues.
	Company 
	Question 13: How should the indexing be implemented in RRC specification (procedural text and ASN.1)?


	
	RRC implementation proposal 

	Nokia Networks
	The ASN.1 implementation of the indexing requires making some assumptions:

· There is a unique index for each table in RAN4 (i.e. each table in TS36.101 is assigned an identifier that is not changed)

· Each band combination within each table can be identified uniquely with an index (e.g. index to the row of the band combination) 

· Reference specification that the UE supports (to allow eNB to figure out which indexes UE will be able to indicate, and how to interpret them)
The example below shows how this can be implemented in ASN.1:

-- ASN1START

RF-Parameters-r13 ::=



SEQUENCE {


specNumber


OCTET STRING (1..16),


-- The supported version of TS36.101 specification


supportedBandCombinations-r13
SupportedBandCombinations-r13,
OPTIONAL 


-- List of Rel-13 band combinations

}
SupportedBandCombinations-r13 ::=
SEQUENCE (SIZE (maxBandComb-r13)) OF AggregatedBandList-r13

-- One list for each N CC band combinations

AggregatedBandList-r13 ::=

SEQUENCE {


bandCombTableIndex-r13

BandCombTableIndex-r13, 

    -- Index of table in 36.101


dlBandCombIndexr13

RowIndex-r13, 

    -- DL index within the table in 36.101


ulBandCombIndex-r13

RowIndex-r13  OPTIONAL 

    -- UL index within the table in 36.101

}

BandCombTableIndex-r13 ::= INTEGER (1..maxBandCombTables-r13) 

RowIndex-r13 ::=  INTEGER (1..maxBandComb-r13) 

-- ASN1STOP

In procedural text, new text is not needed since the format of the Rel-13 field would always be according to the new format. 

	
	

	
	

	
	

	
	


Conclusions: See merged CR. 

6. Support of fallback combinations

6.1 Implicit support of fallback combinations

During the e-mail discussion, one alternative to reduce the size of UE capabilities was to have implicit support of fallback band combinations, i.e. UE indicating a band combination would automatically support all fallback combinations with the same parameters, without needing to indicate those explicitly. This would allow UE to indicate only the highest supported band combinations for many cases, and eNB would comprehend the rest.

The following questions should be answered:

14) Should the UE be allowed to indicate implicit support of fallback combinations in the Rel-13 request mechanism?

15) How would the fallback indications work in RRC specification (procedural text and ASN.1)?

	Company 
	Question 14: Should the UE be allowed to indicate implicit support of fallback combinations in the Rel-13 request mechanism?


	
	Yes or no
	Comments

	Nokia Networks
	Maybe
	Allowing implicit fallback combinations could reduce the size of the capability indications. 

	NTT DOCOMO
	Yes
	This implicit indication could help to reduce the capability signaling size considerably.

	Ericsson
	Yes
	The implicit signaling should be supported as enhancement to the capability signaling in Rel-13.

	Intel 
	Maybe
	As commented earlier, RAN2 is generally recommended to first justify how much gain can be obtained in practice for each new approach. 

Focusing on the fallback solution here, as explained in our contribution R2-154293, UE is typically implemented with different capabilities for a higher and lower CA band combinations. For example, for a given UE, the following CA and MIMO combination may be expected due to a shared baseband processing capability: 

· 3 CCs CA with 2 Layers DL MIMO per CC. 

· 2 CCs CA with 4-layers per CC

Then, it somewhat implies that fallback mechanism brings up a gain in terms of UE capability size only if UE does not report a implemented “higher” capability to NW purely to reduce the UE capability size reporting.  

More specifically, this issue was discussed before and RAN2 has concluded in RAN2#85bis that making assumptions on sub-sets (2C) based on super-sets (3C) may not help to reduce the capability signalling since the capability of a sub-set is likely to be different from the capabilities of the super-set. So, it can be considered only if a clear benefit for all UEs is demonstrated. 
We want to make sure that the implicit fallback operation shall not be applied for band combinations less or equal to 4DL CCs +2 UL CCs for backward compatibility.  In addition, the UE should be able to signal explicitly if it can support higher capability in the fallback band combination e.g. as shown in the above MIMO capability example. 

	Huawei/Hisilicon
	Yes
	

	Qualcomm
	Yes
	Since a UE will most likely support the same capability for fallback combinations, this can help with reducing the signaling.

	
	
	

	
	
	


Conclusions: Majority of companies (5 out of 7) would like to have implicit support of fallback combinations. 2 companies are not sure of the gains. 

· Adopt implicit support of fallback band combinations.

	Company 
	Question 15: How would the fallback indications work in RRC specification (procedural text and ASN.1)?


	
	RRC implementation proposal 

	Nokia Networks
	The main changes are procedural and in eNB implementation when interpreting the UE capabilities, which become more complex.

Additionally, the UE should indicate whether the capability indications are using implicit indications or not so eNB knows how to interpret them.

	NTT DOCOMO
	Please find an example below this table on top of the example provided in sub-clause 3.2. The relevant changes are marked with aqua.

	Ericsson
	The implicit signaling solution should be based on the fallback requirement and the mandatory Pcell support agreed by RAN4. For the fallback requirement, it means the UE shall support all fallback combinations with at least same dependent capabilities from one higher order CA. So the UE can signal only this higher order band combination. The fallback combinations would be implicitly supported. For the mandatory Pcell support in case of inter band CA, if the UE reports the support for one band combination, it should mean the UE supports Pcell on all aggregated bands.   

	Huawei/Hisilicon
	The report of a superset of CA band combination implies that the fallback subsets band combination capability offering the same level of MIMO/CSI processes capability could be supported by default.

If the UE could support different MIMO/CSI processes capability for some subsets of a super set, it could indicate these capabilities in a separate band combination list.


	Qualcomm
	If UE signals implicit indication, the subsets have the same support as superset. Different capabilities for subsets can be signaled separately.


NTT DOCOMO proposal:

-----------------------------------------------------------------------------------------------------------------------------------------------
UE-EUTRA-Capability information element
-- ASN1START

<< skip unrelated part >>
SupportedBandCombination-r13 ::= SEQUENCE (SIZE (1..maxBandComb-r13
)) OF BandCombinationParametersParent-r13
BandCombinationParametersParent-r13 ::=
SEQUENCE {


bandParameterList-r13


SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParameters-r13,


supportedBandwidthCombinationSet-r13
SupportedBandwidthCombinationSet-r10
OPTIONAL,


multipleTimingAdvance-r11

ENUMERATED {supported}




OPTIONAL,


simultaneousRx-Tx-r11


ENUMERATED {supported}




OPTIONAL,


bandInfoEUTRA-r13



BandInfoEUTRA,


dc-Support-r12




SEQUENCE {



asynchronous-r12



ENUMERATED {supported}


OPTIONAL,



supportedCellGrouping-r12

CHOICE {





threeEntries-r12



BIT STRING (SIZE(3)),





fourEntries-r12




BIT STRING (SIZE(7)),





fiveEntries-r12




BIT STRING (SIZE(15))



}















OPTIONAL


}
















OPTIONAL,

supportedNAICS-2CRS-AP-r12

BIT STRING (SIZE (1..maxNAICS-Entries-r12))

OPTIONAL,

commSupportedBandsPerBC-r12



BIT STRING (SIZE (1.. maxBands))

OPTIONAL,
}

BandParameters-r11 ::= SEQUENCE {


bandEUTRA-r11




FreqBandIndicator-r11,


bandParametersUL-r11


BandParametersUL-r10




OPTIONAL,


bandParametersDL-r13


BandParametersDL-r13




OPTIONAL,


supportedCSI-Proc-r11


ENUMERATED {n1, n3, n4}




OPTIONAL

}

BandParametersDL-r13 ::= SEQUENCE (SIZE (1..maxBandwidthClass-r10)) OF CA-MIMO-ParametersDL-r13
CA-MIMO-ParametersDL-r13 ::= SEQUENCE {


ca-BandwidthClassDL-r13



CA-BandwidthClass-r10,


supportedMIMO-CapabilityDL-r13

MIMO-CapabilityDL-r10



OPTIONAL,


fourLayerTM3-TM4-r10



ENUMERATED {supported}



OPTIONAL,


intraBandContiguousCC-InfoList-r13


SEQUENCE (SIZE (1..maxServCell-r10)) OF IntraBandContiguousCC-Info-r12
}
<< skip unrelated part >>
-- ASN1STOP
	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	supportedBandCombination-r13

Includes the supported CA band combinations, and may not include the fallback CA combinations specified in TS 36.101 [42, 4.3A].
	-


------------------------------------------------------------------------------------------------------------------------------------------------

Conclusions: See merged CR. 

6.2 Exceptions to support of fallback combinations

If the implicit indications for fallback support are agreed, there still needs to be a mechanism to allow UE to indicate exceptions to the rule. This would be needed e.g. in case UE supports most but not all the fallback cases. Hence, the following questions should be answered:

16) How should exceptions to the supported fallback cases be indicated?

17) How would the exceptions to supported fallback cases be implemented in RRC specification (procedural text and ASN.1)?

	Company 
	Question 16: How should exceptions to the supported fallback cases be indicated?



	
	Detailed comments

	Nokia Networks
	UE should indicate a flag that tells the combination is an exception to the fallback rule. 

	NTT DOCOMO
	Indicating negative capabilities, i.e., Solution #2 and #10 in R2-154895.

	Ericsson
	Exceptions can be the band combinations that the UE does not support. In this case RAN4 could specify the band combinations that the UE may not support for each higher order band combination. Then the UE can signal a bit string indicating which of the exceptions the UE does not support. 

	Intel
	In our understanding, the fallback band combination refered in this discussion should be based on what RAN2 agreed in Rel-12 as copied below from TS36.306. 

“The UE shall support release of any SCell without requiring reconfiguration of parameters related to UE radio access capabilities for the remaining serving cells, except for release of an SCell from a contiguous CA band configuration that results in a non-contiguous CA band configuration, and set the supportedBandCombination accordingly.”
According to the above definition, if we agreed on the implicit fallback signaling, there is no need to indicate the exceptions on the bandcombination that the UE cannot support but it falls into the definition of fallback operation. 

However, the UE still need to explicity signal some fallback combination if it supports different radio access capabilities (mainly higer radio access capabilities). 
Further, adding a new bit to indicate whether or not a UE supports fall-back signalling may be needed. 

	Huawei/Hisilicon
	If the UE could support different MIMO/CSI processes capability for some subsets of a super set, it could indicate these capabilities in a separate band combination list.



	Qualcomm
	Agree with HW; separate list is simpler.


Conclusions: Two different proposals: 4 companies support indicating that a certain band combination does not support all capabilities, whereas 3 companies would like to indicate MIMO/CSI capabilities separately from band combinations. 

· Adopt both proposals in merged CR – further high-level discussions on details are FFS:

1) For each band combination, UE may indicates it supports all fallback combinations. If it does that, UE doesn’t need to indicate the band combinations explicitly.
2) UE may indicate MIMO/CSI capabilities separately from supported band combinations.

	Company 
	Question 17: How would the exceptions to supported fallback cases be implemented in RRC specification (procedural text and ASN.1)?



	
	RRC implementation proposal 

	Nokia Networks
	The main changes are procedural and in eNB implementation when interpreting the UE capabilities, which become more complex.

Additionally, the UE should indicate whether the capability indications are using implicit indications or not so eNB knows how it interprets them.

	NTT DOCOMO
	Please find an example below this table on top of the example provided in sub-clause 6.1. The relevant changes are marked with aqua.

	Huawei/Hisilicon
	No strong view.

	Qualcomm
	Per answer to Q17, they are signaled separately and the eNB assumes implicit fallback otherwise (assuming UE indicates this per Q14).

	
	

	
	


NTT DOCOMO proposal:

-----------------------------------------------------------------------------------------------------------------------------------------------
UE-EUTRA-Capability information element
-- ASN1START

<< skip unrelated part >>
SupportedBandCombination-r13 ::= SEQUENCE (SIZE (1..maxBandComb-r13
)) OF BandCombinationParametersParent-r13
BandCombinationParametersParent-r13 ::=
SEQUENCE {


bandParameterList-r13


SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParameters-r13,


supportedBandwidthCombinationSet-r13
SupportedBandwidthCombinationSet-r10
OPTIONAL,


multipleTimingAdvance-r11

ENUMERATED {supported}




OPTIONAL,


simultaneousRx-Tx-r11


ENUMERATED {supported}




OPTIONAL,


bandInfoEUTRA-r13



BandInfoEUTRA,


dc-Support-r12




SEQUENCE {



asynchronous-r12



ENUMERATED {supported}


OPTIONAL,



supportedCellGrouping-r12

CHOICE {





threeEntries-r12



BIT STRING (SIZE(3)),





fourEntries-r12




BIT STRING (SIZE(7)),





fiveEntries-r12




BIT STRING (SIZE(15))



}















OPTIONAL


}
















OPTIONAL,

supportedNAICS-2CRS-AP-r12

BIT STRING (SIZE (1..maxNAICS-Entries-r12))

OPTIONAL,

commSupportedBandsPerBC-r12



BIT STRING (SIZE (1.. maxBands))

OPTIONAL,


non-SupportedBandCombinationFallback-r13
SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParameters-r13

OPTIONAL
}

BandParameters-r11 ::= SEQUENCE {


bandEUTRA-r11




FreqBandIndicator-r11,


bandParametersUL-r11


BandParametersUL-r10




OPTIONAL,


bandParametersDL-r13


BandParametersDL-r13




OPTIONAL,


supportedCSI-Proc-r11


ENUMERATED {n1, n3, n4}




OPTIONAL

}

BandParametersDL-r13 ::= SEQUENCE (SIZE (1..maxBandwidthClass-r10)) OF CA-MIMO-ParametersDL-r13
CA-MIMO-ParametersDL-r13 ::= SEQUENCE {


ca-BandwidthClassDL-r13



CA-BandwidthClass-r10,


supportedMIMO-CapabilityDL-r13

MIMO-CapabilityDL-r10



OPTIONAL,


fourLayerTM3-TM4-r10



ENUMERATED {supported}



OPTIONAL,


intraBandContiguousCC-InfoList-r13


SEQUENCE (SIZE (1..maxServCell-r10)) OF IntraBandContiguousCC-Info-r12
}
<< skip unrelated part >>
-- ASN1STOP
	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	supportedBandCombination-r13

Includes the supported CA band combinations, and may not include the fallback CA combinations specified in TS 36.101 [42, 4.3A].
	-

	non-SupportedBandCombinationFallback

Includes the fallback CA band combinations not supported by the UE specified in TS 36.101 [42].
	-


------------------------------------------------------------------------------------------------------------------------------------------------

Conclusions: See merged CR. 

7. Summary and conclusions

7 different companies participated in the discussion. The following proposals are made as the outcome of the discussion.

Proposal 1: Reuse existing UE capability enquiry procedure and extend the Rel-11 request mechanism with Rel-13 additions.
Proposal 2: Discuss whether UE should always use the legacy format for up N DL + M UL combinations, including how the N and M would be selected.

Proposal 3: Introduce a new format for Rel-13 capability signalling. eNB shall explicitly indicate whether it wishes UE to use the new format.

Proposal 4: eNB can indicate maximum number of CCs to be indicated in UE capability signalling.

Proposal 5: Do not introduce signalling for indicating the minimum number of aggregated CCs. As in Rel-11, UE shall always indicating at least the 2DL+1UL supported band combinations.
Proposal 6: Attempt to implement the index in the baseline CR but remove it if RAN4 finds issues.

Proposal 7: For any band combination beyond 2DL+1UL, UE may indicate it supports all fallback band combinations. In such a case, UE is allowed not to indicate the fallback band combinations.

Proposal 8: UE may indicate its MIMO/CSI capabilities separately from each signalled band combinations. 
A merged CR capturing these proposals can be found in R2-156478.
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Annex A: Summaries of proposals from RAN2#91bis 
This annex includes the summaries of individual proposals provided in the e-mail discussion 91#21 for reference.
Table 1. Proposal #1
	Company 
	Summary and details of the proposal 

	Nokia Networks
	Summary: Referring to CA band combinations via indices to tables in 36.101.
Details: Instead of using explicit indications for band numbers and bandwidth classes, the RAN2 capability signalling could instead refer to the tables in 36.101. 


Table 2. Proposal #2
	Company 
	Summary and details of the proposal

	Nokia Networks
	Summary: Indicating negative capabilities instead of (or in addition to) positive capabilities

Details: The UE may indicate that it does not support certain bands or band combinations instead of indicating which bands or band combinations it does support. For example, in case UE supports bands 1, 7, 20, and 40 with all possible 3CC combinations except CA_20C_40A and CA_20A_40C, it would only indicate that it doesn’t support those combinations. The eNB could then infer it does support all other combinations.


Table 3. Proposal #3
	Company 
	Summary and details of the proposal

	Nokia Networks
	Summary: Indicating common capabilities for N-CC band combinations

Details: The UE may indicate that it can support common capabilities for e.g. all 2-carrier band combinations. For example, UE could indicate that for 2-carrier band combinations (i.e. CA_XA_XY
, CA_XC or CA_XA_XA), it supports 4 MIMO layers with 1 CSI process or 2 MIMO layers with 4 CSI processes. This would be useful for cases when UE supports very similar capabilities for different band combinations, with few or no exceptions

	Nokia Networks
	DCM’s comment is correct, the example above should state “(i.e. CA_XA_YA, CA_XC, CA_XA_XA)”.


Table 4. Proposal #4
	Company 
	Summary and details of the proposal

	Ericsson
	Summary: Break out MIMO layer capability from  band combination, and introduce MIMO capabilities as per band capability
Details: MIMO capability can be signalled per frequency band, meaning UE indicates  the supported number of mimo layers  per  bandwidthClass for a band.  
· For bandwidth classes implying more than one carrier (intra-band contiguous CA), the capability indicates the total number of MIMO layers for these contiguous carriers on the band. 
· For inter band and intra band non-contiguous CA,  involving one or multipl bands, the MIMO capability is same as signalled per band.   



	
	


Table 5. Proposal #5
	Company 
	Summary and details of the proposal

	Ericsson
	Summary: CSI processing capability can be signaled as a “per UE”-capability. 
Details: UE indicates the number of supported CSI process per number of MIMO layers for one carrier. 


Table 6. Proposal #6
	Company 
	Summary and details of the proposal

	Ericsson
	Summary: A UE baseband processing capability is introduced

Details: 

The formula below intends to illustrate the proposal:
[image: image1.png]BasebandProcessingPowerPerUE
= a X ProcessingPowerPerMIMOLayer X TotalNrOfMIMOLayers +
X ProcessingPowerPerCSIProc X TotalNrOfCSIProc +y
X ProcessingPowerForNAICSPerPRB X TotalNrOfPRESForNAICS + &
X ProcessingPowerForCAPerPRB x TotalNrOfPRBsForCA




The basebandProcessingPowerPerUE and processingPowerPer MIMOLayer/Per CSI/Per NAICS/Per CA are signalled by UE. The total MIMO layers/CSI process/PRBs for NAICS/CA are for all aggregated carriers configured by eNB for each UE.




Table 7. Proposal #7
	Company 
	Summary and details of the proposal

	Ericsson
	Summary: Extend the network requested capability signaling to indicate a list of requested bands for measurement gap capability reporting for EUTRAN.
Details: The measurement gap requirement for inter-frequency measurements per each band combination in carrier aggregation is reported for the supported frequency bands that are restricted within the list of requested bands for measurement by the network.


Table 8. Proposal #8
	Company 
	Summary and details of the proposal

	Ericsson
	Summary: Extend the network requested capability signaling to support selective request of inter-RAT (UTRAN/GERAN/CDMA2000) capabilities (i.e. supported inter-RAT bands and corresponding capabilities including the measurement gap capability). 
Details: The network indicates a list of requested inter-RAT bands and the UE reports the supported inter-RAT bands list and corresponding capabilities including the measurement gap capability that are limited within the requested inter-rAT bands. This reduces the overall capability size, as well as the sizes of the InterRAT-BandLists with interRAT-NeedForGaps


Table 9. Proposal #9
	Company 
	Summary and details of the proposal

	NTT DOCOMO
	Summary: Implicit indication of supported CA band combinations with the fallback requirement [R2-153102].

Details: 

· The UE includes CA band combination(s) whose supported number of CCs is the maximum number for both UL and DL among all the band combinations supported by the UE (“parent” CA band combination).
· By default, all the fall back combinations (incl. non-CA combinations) are considered supported and so not included in the UE capability.
· For example, if the UE supports one 5DL/5UL CA band combination, the UE only includes this band combination in the UE capability. All the fall back combinations, e.g., 5DL/4UL, 4DL/4UL, etc, are not included.
· If the UE supports multiple 5DL/5UL combinations, they are also included. But the fall back combinations for each 5DL/5UL band are omitted.


Table 10. Proposal #10
	Company 
	Summary and details of the proposal

	NTT DOCOMO
	Summary: Indicating negative capabilities together with Proposal #9 [R2-153102].

Details: if the UE does not support some of the fall back combinations, the UE includes the non-supported fall back combinations in the UE capability, in addition to the parent CA band combination.
Note: Basic idea is the same as Proposal #2. The difference is the way of indicating a CA band combination (Index or legacy structure).


Table 11. Proposal #11
	Company 
	Summary and details of the proposal

	NTT DOCOMO
	Summary: Delta capability signaling together with Proposal #9 [R2-153102].

Details:

If there is a fall back combination supported by the UE for which some of the UE capabilities (e.g., MIMO layers, CSI processes, NAICS capabilities, etc.) are different from the parent CA band combination, the UE includes this fall back combination with the deltas of capabilities in the UE capability.
· The absence of the capabilities in this fall back combination signalling implies that it is the same as the parent CA band combination.


Table 12. Proposal #12
	Company 
	Summary and details of the proposal

	NTT DOCOMO
	Summary: Enhanced NW-based CA band combination retrieval [R2-153102 plus additional solutions]

Details:

· The UE shall provide Band Combination capability signalling for more than 5 carriers only upon request of the eNB (as agreed at RAN #91).
· When the eNB transfers the retrieved UE capability to the MME (via S1-MME) or the legacy eNB during handover, the eNB includes one or some of the supported CA band combinations in the legacy format (i.e., supportedBandCombination-r10) in the UE-EUTRA-Capability in addition to the new capability signaling (i.e., supportedBandCombination-r13).
· This is to ensure the backward compatibility issue raised on-line in the last meeting.

· Some examples to use the legacy format are provided below.

1) Include all non-CA band combinations

2) Include at least one 2DL+1UL CA band combination and may include some or all 2D+1UL CA bandcombinations.

3) Combination of 1) and 2).

4) Include all supported CA band combinations up to 5DL+5UL CA.

Etc.

Note:

· The number of CA band combinations included in the legacy format should be minimised. Otherwise, the advantage of introducing the new CA capability signaling is diminishing in terms of the eNB/MME memory storage aspects.

· Even though the legacy format includes only the part of supported CA band combinations, the legacy eNB could retrieve the other supported combinations if the Rel-11 solution of capability retrieval is supported.


Table 13. Proposal #13
	Company 
	Summary and details of the proposal

	Intel
	Summary: Extending the current network-requested CA capability IE. 

Details:  The eNB may indicate more information to UE in addition to a set of frequency bands in the capability enquiry, e.g.: 

· The maximum CC numbers (i.e. 1 UL CC or 2 UL CCs) or aggregated CA bandwidth; 

· Need of reports IE related to a list of functions e.g. DC, NAICS, sidelink direct communication, transmission modes or supported bandwidth combination set.


Table 14. Proposal #14
	Company 
	Summary and details of the proposal

	Intel
	Summary: Decoupling DL and UL band parameters in one band combination IE

Details: The UE may indicate UL and DL band parameters separately instead always providing DL and UL band paramters in one band combination. 

To minimize the signaling size, UE can indicate the support of UL band combinations in much reduced information instead of including all UE capacities under the UL band combinations. As an example of the reduced information, 
· A bitmap can be included for each UL bands combination. More specifically, if the UE supports 1 UL band for a band combination having N DL bands, the size of bitmap is N bits. If the UE support up to 2 UL bands, the UE indicates two sets of bitmap, one for 1 UL band combination and the other for 2 UL band combinations. A bit in the bit string set to 1 indicate that the UE supports including this UL band represented by the concerned bit position UL band combination entry. Each bit position represent a different UL band. A UL band combination option is represented by a number of bits, each representing a particular band combination entry in the supported UL band combination lists.   


Table 15, proposal #15
	Company 
	Summary and details of the proposal

	Huawei, HiSilicon
	Summary: Support of fallback Capability
Details:  
For example, if band combination set Band A (N carriers) + Band B (M carrier) are supported, its subset, i.e. Band A(X carrier, X < N)) +Band B(Y carrier, Y<M) with same MIMO/CSI process capability should be supported without capability indication in order to minimize the number of band combinations. 

Proposal 1: report of a superset of CA band combination implies that the fallback subsets band combination capability offering the same level of MIMO/CSI processes capability could be supported by default.

Proposal 2: If the UE could support different MIMO/CSI processes capability for some subsets of a super set, it could indicate these capabilities in a separate band combination list.



Table 16, proposal #16
	Company 
	Summary and details of the proposal

	Huawei, HiSilicon
	Summary: Network Request CA band combination signalling
Details:  
Network-requested CA Band Combination Capability Signalling was introduced in Rel-11 to limit the number of band combinations in UE capability signalling. Thus, the network could request the UE to report the capability on the concerned bands. For the capabilities supporting 32 CCs, even if we limit the report bands, there may still be a quite few number of capabilities for different bandwidth class combination for a certain band combination, therefore, if the network could request the UE to report the capability within some combination of bandwidth class (for example total carrier number < request number and/or maximum bandwidth < request bandwidth), the size of the capability report could be reduced significantly. For example, if the network only supports CA within 8 carriers, the network could only request the capabilities within 8 carriers, and thus the signalling consumption for the band combinations beyond 8 carries could be saved. 
Proposal 3: RAN2 is suggested to discuss the enhancement on the network request CA band combination signalling to restrict the reported combination of bandwidth class (totaol aggregation carrier number and/or maximum bandwidth).



Conclusions: 16 proposals were submitted by 5 different companies. However, it seems possible to (roughly) categorize the proposals to following categories: 

A. Directly reducing size of the IEs related to capability signalling

· Proposals #1 and #11 both try to optimize the size of the capability entries (via reducing the size of the Ies or via allowing delta signalling)
B. Optimizing what is included and what is not

· Proposals #2 and #10 share the same idea of “negative” indications
C. Common capabilities for multiple entries

· Proposals #3, #4, #5 , #6, #14 all propose to decouple some capabilities from band combination-specific parameters.
D. Extended possibilities for network-requested capabilities

· Proposals #7, #8, #12, #13, #16 all propose to enhance existing NW-requested capabilities with various features.
E. Implicit support for fallback combinations

· Proposals #9 and #15 both consider implicit suport of fallback combinations.
Table 7 shows the summary of all the proposals so that proposals in each “group” above are listed under the same entry.

Table 7. summary of all proposals
	Proposal #(s)
	Group #
	Summary of the proposal 

	1, 11
	A
	Directly reducing size of the IEs related to capability signalling

#1: Referring to CA band combinations via indices to tables in 36.101.#11: Delta capability signaling together with Proposal #9 [R2-153102].


	2, 10
	B
	Optimizing what is included and what is not

#2: Indicating negative capabilities instead of (or in addition to) positive capabilities#10: Indicating negative capabilities together with Proposal #9 [R2-153102].


	3, 4, 5, 6, 14
	C
	Common capabilities for multiple entries

#3: Indicating common capabilities for N-CC band combinations#4: Break out MIMO layer capability from  band combination, and introduce MIMO capabilities as per band capability
#5: CSI processing capability can be signaled as a “per UE”-capability.

#6: A UE baseband processing capability is introduced
#14: Decoupling DL and UL band parameters in one band combination IE

	7, 8, 12, 13, 16
	D
	Extended possibilities for network-requested capabilities

#7: Extend the network requested capability signaling to indicate a list of requested bands for measurement gap capability reporting for EUTRAN.#8: Extend the network requested capability signaling to support selective request of inter-RAT (UTRAN/GERAN/CDMA2000) capabilities (i.e. supported inter-RAT bands and corresponding capabilities including the measurement gap capability).
#12: Enhanced NW-based CA band combination retrieval [R2-153102 plus additional solutions]
#13: Extending the current network-requested CA capability IE.
#16: Network Request CA band combination signalling


	9, 15
	E
	Implicit support for fallback combinations

#9: Implicit indication of supported CA band combinations with the fallback requirement [R2-153102].#15: Support of fallback Capability



�Extended up to 384


�Extended up to 384


�Extended up to 384


�YA?





