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1. Introduction
During RAN#50, the following way forward presented in [1] was agreed.
-
UE capabilities for DL MIMO and UL MIMO work items will be discussed first in RAN1 in RAN1#63bis

-
LS will be sent to RAN2

-
UE capabilities for CA will be discussed in RAN2

-
RAN2 will prepare an initial proposal on UE capabilities covering all Rel-10 work items for discussion at RAN#51

In accordance to the above, this document proposes the following:

-
Work split between RAN WG2 and RAN plenary on UE capability handling for CA related features

-
Starting point for RAN WG2 work on the issue

Note that the basic CA capability signalling, i.e. number of DL/UL Serving Cells that can be aggregate within each band and for each band combination, has been proposed in [2]. Such “basic CA capability signalling” is assumed to be introduced regardless of this excercise.
2. Discussion
2.1 Work split

In general, the mandatory/optional discussion should take place in RAN plenary. However, in order for structured discussion to take place in RAN plenary, RAN WG2 should provide RAN with an assessment on the grouping of features based on functionality, and on the consequences in case UE support for the group of features are made optional.

It is proposed to agree on the following work split and timeline with regards to UE capability handling of CA related features:
1) RAN WG2 studies (1) the grouping of CA related UE features based on functionality, (2) the dependencies of each feature group to other features (3) and the consequences in case UE support for the group of features are made optional. The result is liaised to RAN plenary.
2) RAN plenary discusses and decides during RAN#51 on the group of CA related features that should be mandatory/optional for the UE to support based on the input from RAN WG2. The result is liaised to RAN WG2.

3) RAN WG2 finalizes during RAN2#73 and RAN2#73bis the UE capability signalling for CA related features that were decided to be optional.
4) RAN WG2 should finalize the assessment on feature grouping and dependency/consequence analysis by the end of January, in order to provide enough time for companies to prepare for discussion in RAN#51.

5) In addition, if consensus can be already reached within RAN WG2, RAN WG2 can recommend to RAN plenary on whether some features should be mandatory/optional.

2.2 Initial assessment on feature grouping and consequence analysis

The list of CA related UE features that were introduced in the PHY, MAC and RRC specifications are provided in Table 1. Table 1 further classifies these features into functional groups and also provides an analysis on the consequences when the features are not supported.

Note that the features listed in Table 1 are based on CRs approved in RAN#50 [3-7]. In case any additional CA related UE features are further introduced in Rel-10, they need to be added to the list.

Table 1 – Overview of CA related UE features
	Feature
	Functional grouping
	Consequence if not supported

	PDSCH starting position
	Determination on each Serving Cell, where it is:

1) For a Serving Cell with PDCCH, determined from the PCFICH of the Serving Cell

2) For a Serving Cell without PDCCH, provided by RRC
	1) CA – basic

2) CA – cross carrier scheduling
	1) N/A (basic for CA)
2) Cross carrier scheduling not possible. Performance may be suboptimal in HetNet scenario.

	PDCCH reception
	Monitoring for C-RNTI on N (= number of Serving Cells) UE specific search spaces, of which there is:

1) 1 UE specific search space for a Serving Cell using PDCCH without the CI field

2) M UE specific search spaces for a Serving Cell using the CI field (where M = number of Serving Cells that can be addressed from that Serving Cell)
	1) CA – basic

2) CA – cross carrier scheduling
	1) N/A (basic for CA)

2) Cross carrier scheduling not possible. Performance may be suboptimal in HetNet scenario.

	
	Processing DL assignments with the CI field (i.e. on DCI formats 1, 1A, 1B, 1C, 1D, 2, 2A, 2B, 2C)
	CA – cross carrier scheduling
	Cross carrier scheduling not possible. Performance may be suboptimal in HetNet scenario.

	
	Processing UL grants with the CI field (i.e. on DCI formats 0, 4)
	CA – cross carrier scheduling
	Cross carrier scheduling not possible. Performance may be suboptimal in HetNet scenario.

	PDSCH
	Reception on each Serving Cell (with DL assignment)
	CA – basic
	N/A (basic for CA)

	ACK/NACK
	Feedback for each PDSCH altogether on:

1) PUSCH

2) PUCCH format 1b with channel selection

3) PUCCH format 3
	1) CA – basic

2) CA – basic

3) DL CA – PUCCH format 3 (CA – basic for more than 4 ACK/NACK bits)
	1) N/A (basic for CA)
2) N/A (basic for CA)
3) When less than 4 ACK/NACK bits, PUCCH format 1b with channel selection should be used. Otherwise, N/A (basic for CA when more than 4 ACK/NACK bits).

	CQI/PMI/RI
	Reporting for each Serving Cell based on:

1) aperiodic occasions as requested by the 2bit CQI request field in UL grants
2) periodic occasions as configured by RRC
	1) CA – basic
2) CA – basic
	1) N/A (basic for CA)
2) N/A (basic for CA)

	PUSCH
	Transmission on each Serving Cell (with UL grant) 
	CA – basic
	N/A (basic for CA)

	
	Multi-cluster transmission (resource allocation type 1)
	Multi-cluster PUSCH
	Frequency diversity gains from multi-cluster operation not obtained.

	
	Simultaneous transmission with PUCCH
	Simultaneous PUCCH and PUSCH
	UCI should be transmitted on PUSCH when PUSCH transmission exists. Possible PUSCH performance improvements when both PUSCH and ACK/NACK are transmitted cannot be obtained.

	PHICH
	Reception for each PUSCH transmission on different Serving Cells 
	CA – basic
	N/A (basic for CA)

	SRS
	Transmission for each Serving Cell (with UL) based on:

1) aperiodic occasions as requested by the 1bit (for DCI format 0) or 2bit (for DCI format 4) SRS request field

2) periodic occasions as configured by RRC
	1) aperiodic SRS
2) CA – basic
	1) Must rely only on periodic SRS. Smart NW implementation, e.g. for overhead reduction, robustness improvement, etc. will be limited.

2) N/A (basic for CA)

	UL power control
	Power control on a per Serving Cell basis
	CA – basic
	N/A (basic for CA)

	
	Power scaling for PUSCH transmissions on multiple Serving Cells
	CA – basic
	N/A (basic for CA)

	
	Power scaling for simultaneous PUCCH and PUSCH transmissions
	Simultaneous PUCCH and PUSCH
	N/A (basic for simultaneous PUCCH and PUSCH)

	
	Pathloss reference for a Serving Cell used for power control, which is either of the following:

1) PCell

2) SIB2 linked DL
	1) CA – basic
2) CA – basic
	1) Possible degradation in UL performance in HetNet scenarios.
2) N/A (basic for CA)

	DL-SCH / DL HARQ entity
	1 for each Serving Cell
	CA – basic
	N/A (basic for CA)

	UL-SCH / UL HARQ entity
	1 for each Serving Cell (with UL)
	CA – basic
	N/A (basic for CA)

	Logical channel prioritization
	Performed taking into account multiple UL grants
	CA – basic
	N/A (basic for CA)

	Buffer status reporting
	BSR behavior specified for multiple BSR generation
	CA – basic

(also UL MIMO – basic)
	N/A (basic for CA)

	
	Use of extended BSR sizes
	UL CA/MIMO – extended BSR size
	Rel-8/9 BSR table must be used. UL grants might become pessimistic for UL CA/MIMO operation.

	Power headroom reporting
	Pcmax,c reporting using extended PH MAC control element
	Pcmax,c reporting (CA – basic for CA)
	eNB cannot know Pcmax,c reduction of UE. UL scheduling may become suboptimal. Pcmax,c reduction may be significant with CA.

	
	Type 1 PH reporting each Serving Cell (with UL) using extended PH MAC control element
	CA – basic
	N/A (too basic for CA)

	
	Type 2 PH reporting (for PCell) with extended PH MAC control element
	Simultaneous PUCCH and PUSCH
	eNB cannot know Pcmax,c reduction of UE due to simultaneous PUCCH and PUSCH transmissions. UL scheduling may become suboptimal during simultaneous PUCCH and PUSCH transmissions.

	MAC reconfiguration
	HARQ entity initialization/ removal upon SCell addition/ release
	CA – basic
	N/A (too basic for CA)

	SCell activation/ deactivation
	Procedures related to SCell activation/deactivation
	CA – basic

(Since SCell is initially deactivated, activation/ deactivation support is mandatory for CA)
	N/A (too basic for CA)

	RRC procedures for SCell addition, modification and release
	SCell addition, modification and release can be performed by:

1) the reconfiguration procedure (non-HO)
2) the HO procedure
	1) CA – basic

2) CA – basic
	1) The HO procedure must be always used.

2) The reconfiguration procedure must be always used. Synchronous procedure is not possible. CA cannot continue at inter-eNB HO.

	
	SCell addition within the handover to EUTRA procedure
	CA – Handover to EUTRA with CA
	1) CA can be configured only after a UE is handed over to LTE.

	
	SCell release at connection re-establishment
	CA – basic
	N/A (too basic for CA)

	Measurement and reporting
	Autonomous measurement identity removal
	CA – SCell measurement reporting Event A1/A2
	N/A (mandatory when Events A1/A2/A6 are configured for SCell)

	
	Event A1 for SCell
	CA – SCell measurement reporting Event A1/A2
	SCell activation based on RSRP/RSRQ level is not possible.

	
	Event A2 for SCell
	CA – SCell measurement reporting Event A1/A2
	SCell deactivation / release based on RSRP/RSRQ level is not possible. 

	
	Event A6 (for SCell)
	CA – SCell measurement reporting Event A6
	SCell change for CA deployment scenario 3 becomes difficult.

	
	(additional) Reporting of measurement results for SCell
	CA – basic
	SCell quality cannot be acquired.

	
	Additional reporting of best non serving cell on each serving frequeny
	CA – basic
	Inter-eNB handover decisions may become suboptimal.


Below we provide some comments with regards to the different classification groups in Table 1.

1) CA – basic

Features classified into this group are fundamental CA features of which

-
the feature is irrelevant for non-CA operations, and

-
without the feature, basic CA operation itself is not, or

-
the feature is a primitive feature that should be supported for CA operation.
Support for these features is expected to be mandatory for CA capable UEs.
2) CA – cross carrier scheduling

In case cross carrier scheduling is not supported, CA is restricted to operations where PDCCH and the corresponding PDSCH/PUSCH occur on the same Serving Cell. Performance may become suboptimal for HetNet scenarios.

Dependency of cross carrier scheduling support on support of other features: “CA – basic”.

Applicability to non-CA operation: Not applicable.

3) CA – PUCCH format 3

For UEs supporting more than 4 HARQ feedback bits (i.e. CA with more than 3 Serving Cells), support for PUCCH format 3 is mandatory.

In case PUCCH format 3 is not supported by UEs only supporting up to 4 HARQ feedback bits, PUCCH format 1b with channel selection will be used.

Dependency of PUCCH format 3 support on support of other features: None.

Applicability to non-CA operation: Can be applied, but does not seem necessary for FDD.

4) Multi-cluster PUSCH

In case multi-clustered PUSCH is not supported, PUSCH transmissions are restricted to single-cluster transmissions, and possible frequency diversity gains from multi-cluster PUSCH cannot be exploited.

Dependency of multi-cluster PUSCH support on support of other features: None.

Applicability to non-CA operation: Applicable.

5) Simultaneous PUCCH and PUSCH

In case simultaneous PUCCH and PUSCH is not supported, UCI should be transmitted on PUSCH when PUSCH transmission exists. Possible PUSCH performance improvements when both PUSCH and ACK/NACK are transmitted cannot be obtained.
Dependency of simultaneous PDCCH and PDSCH support on support of other features: None.

Applicability to non-CA operation: Applicable.

6) Aperiodic SRS

In case aperiodic SRS is not supported, eNB must only rely on periodic SRS for UL scheduling. Smart eNB implementation for timely probing of UL quality using aperiodic SRS, e.g. for SRS overhead reduction and robustness improvement, will not be possible.

Dependency of aperiodic SRS support on support of other features: None.

Applicability to non-CA operation: Applicable.

7) CA – extended BSR size
In case the extended BSR size is not supported, Rel-8/9 BSR size table must be used. UL grants might become pessimistic for UL CA/MIMO operation due to under estimated UL buffer size by the eNB.

Dependency of extended BSR size support on support of other features: None.

Applicability to non-CA/MIMO operation: Can be applied, but does not seem necessary.

8) Pcmax,c reporting
For UEs supporting UL CA, Pcmax,c reporting is mandatory since the basic feature to report Type 1 PH for all Serving Cells is only possible with the extended PH MAC control element, in which Pcmax,c needs to be reported.

In case Pcmax,c reporting with the extended PH MAC control element is not supported by UEs not supporting UL CA, Rel-8/9 PH MAC control element must be used. Possible UL performance improvement in non-CA operations cannot be exploited. Specifically, with Pcmax,c reporting, eNB can obtain precise knowledge of Pcmax,c (which normally isn’t possible due to the tolerance levels and MPR/A-MPR backoff levels applied in the UE), and may be able to perform more appropriate MCS selection / RB allocation.

Dependency of Pcmax,c reporting support on support of other features: None.

Applicability to non-CA operation: Applicable.

9) CA – handover to EUTRA with CA
In case handover to EUTRA with CA is not supported, CA can only start once after the UE has completed the handover procedure to EUTRA from other RATs. This feature should be supported when both Handover to EUTRA and CA are supported.
Dependency of handover to EUTRA with CA support on support of other features: Handover to EUTRA and “CA – basic”.
Applicability to non-CA operation: Not applicable.

10) CA – SCell measurement reporting Event A1/A2
Measurement reporting Events A1 and A2 for the SCell, and autonomous measurement identity removal have been classified into this group. Autonomous measurement identity removal is included since support of this feature is mandatory once an Event is configured for the SCell.

In case this feature group is are not supported, SCell activation/deactivation/release based on RSRP/RSRQ levels would become difficult to realize. This might make deployment of CA deployment scenarios 2, 3, 4 and 5 [8] difficult.

Dependency of support of this feature group on support of other features: “CA – basic”.

Applicability to non-CA operation: Not applicable.

11) CA – SCell measurement reporting Event A6
In case SCell measurement reporting Event A6 CA is not supported, SCell change for CA deployment scenario 3 would be difficult.

Dependency of SCell measurement reporting Event A6 support on support of other features: “CA – basic” and “CA – SCell Event A1/A2 and measurement reporting”.
Applicability to non-CA operation: Not applicable.

The content of Table 1 is transformed into Table 2 with each feature collected under the grouping described above. Furthermore, Table 2 summarizes (1) the dependency of each feature group on support of other groups / features, (2) the consequence if the feature group is not supported and (3) the need for capability signaling in case the group of features is made optional.

Table 2 – Grouping of CA related features
	Feature group
	Features within the group
	Does support of the feature group depend on support of other groups / features?
	Consequence if the feature group is not supported
	Whether additional capability signalling is needed in case the group of features are optional

	CA – basic
	PDSCH starting position determination by decoding of PCFICH on each Serving Cell
	N/A (basic CA functionality)
	N/A (basic CA functionality)
	N/A (basic CA functionality)

	
	PDCCH monitoring for C-RNTI on one UE specific search space on each Serving Cell (for PDCCH without CI field configured)
	
	
	

	
	PDSCH reception on each Serving Cell
	
	
	

	
	ACK/NACK feedback for each PDSCH altogether
	On PUSCH
	
	
	

	
	
	On PUCCH format 1b with channel selection
	
	
	

	
	
	On PUCCH format 3 (for UEs supporting more than 4 ACK/NACK bits)
	
	
	

	
	CQI/PMI/RI reporting for each Serving Cell
	On aperiodic occasions as requested by the 2bit CQI request field in UL grants
	
	
	

	
	
	On periodic occasions as configured by RRC
	
	
	

	
	PUSCH transmission on each Serving Cell
	
	
	

	
	PHICH reception for each PUSCH transmission
	
	
	

	
	SRS transmission on each Serving Cell on periodic occasions as configured by RRC
	
	
	

	
	Power control on a per Serving Cell basis
	
	
	

	
	Power scaling for PUSCH transmissions on multiple Serving Cells
	
	
	

	
	Pathloss reference set to PCell
	
	
	

	
	Pathloss reference set to SIB2 linked DL
	
	
	

	
	DL-SCH and HARQ entity per Serving Cell
	
	
	

	
	UL-SCH and HARQ entity per Serving Cell
	
	
	

	
	Logical channel prioritization with multiple UL grants
	
	
	

	
	BSR behavior for multiple BSR generation
	
	
	

	
	Pcmax,c reporting with extended PH MAC control element (for UEs supporting CA)
	
	
	

	
	Type 1 PH reporting for each Serving Cell
	
	
	

	
	HARQ entity initialization/removal at SCell addition/release
	
	
	

	
	Procedures related to SCell activation/deactivation
	
	
	

	
	SCell addition, modification, and release
	With the reconfiguration procedure
	
	
	

	
	
	With the handover procedure
	
	
	

	
	SCell release at RRC connection re-establishment
	
	
	

	
	(additional) Reporting of measurement results for SCell in measurement reports
	
	
	

	
	Additional reporting of best non serving cell on each serving frequency in measurement reports
	
	
	

	CA – cross carrier scheduling
	PDSCH starting position signaled by RRC
	Yes, on:

CA – basic
	Cross carrier scheduling not possible. Performance may be suboptimal in HetNet scenario.
	Yes

	
	PDCCH monitoring for C-RNTI on more than one UE specific search spaces on a Serving Cell configured with PDCCH with the CI field
	
	
	

	
	DL assignments with the CI field
	
	
	

	
	UL grants with the CI field
	
	
	

	DL CA – PUCCH format 3
	PUCCH format 3 (for UEs only supporting up to 4 ACK/NACK bits)
	No

(however PUCCH format 3 is only expected to be used when DL CA is operated)
	PUCCH format 1b with channel selection should be used.
	Yes

	Multi-cluster PUSCH
	Multi-cluster PUSCH transmission (resource allocation type 1)
	No
	Multi-cluster PUSCH operation not possible. Possible frequency diversity gains from multi-cluster operation cannot be exploited.
	Yes

	Simultaneous PUCCH and PUSCH
	Simultaneous transmission of PUCCH and PUSCH
	No
	UCI will be transmitted on PUSCH when PUSCH exists at PUCCH timing. Possible PUSCH performance improvement cannot be exploited.
	Yes

	
	Power scaling with simultaneous PUCCH and PUSCH transmission
	
	
	

	
	Type 2 PH reporting
	
	
	

	Aperiodic SRS
	SRS transmission on any Serving Cell on aperiodic occasions as requested by the 1/2bit SRS request field in UL grant (i.e. DCI format 0/4)
	No
	Must rely only on periodic SRS only. Smart NW implementation, e.g. for overhead reduction, robustness improvement, etc. will be limited.
	Yes

	UL CA/MIMO – extended BSR size
	Extended BSR sizes
	No

(however extended BSR size is only expected to be used when UL CA/MIMO is operated)
	Rel-8/9 BSR table must be used. UL grants might become pessimistic for UL CA/MIMO operation due to UL buffer under estimation by the eNB.
	Yes

	Pcmax,c reporting
	Pcmax,c reporting with extended PH MAC control element (for UEs not supporting CA)
	No
	Rel-8/9 PH MAC control element should be used. Possible UL performance improvement in non-CA operations will not be possible. 
	Yes

	CA – handover to EUTRA with CA
	SCell addition within the Handover to EUTRA procedure
	Yes, on:

Handover to EUTRA

CA – basic
	CA can only start once after the UE has completed the handover procedure to EUTRA from other RATs.
	N/A (Should be supported when both Handover to EUTRA and CA are supported) 

	CA – SCell measurement reporting Event A1/A2
	Measurement reporting trigger Event A1 for SCell
	Yes, on:

CA – basic 
	SCell activation, deactivation and/or release based on RSRP/RSRQ would be difficult. This might make deployment of CA deployment scenarios 2, 3, 4 and 5 [8] difficult.
	Yes

	
	Measurement reporting trigger Event A2 for SCell
	
	
	

	
	Autonomous measurement identity removal
	
	
	

	CA – SCell measurement reporting Event A6
	Measurement reporting trigger Event A6
	Yes, on:

CA – basic 

CA – SCell measurement reporting Event A1/A2
	SCell change in CA deployment scenario 3 would become difficult
	Yes


It is proposed to proceed work in RAN WG2 with regards to UE capability handling of CA related features with the contents of Table 2 as the starting point.

3. Conclusion
This document presented our views on how to address the issue on capabilities for CA related features.

As a work plan, the following is proposed:

1) RAN WG2 studies (1) the grouping of CA related UE features based on functionality, (2) the dependencies of each feature group to other features (3) and the consequences in case UE support for the group of features are made optional. The result is liaised to RAN plenary.

2) RAN plenary discusses and decides during RAN#51 on the group of CA related features that should be mandatory/optional for the UE to support based on the input from RAN WG2. The result is liaised to RAN WG2.

3) RAN WG2 finalizes during RAN2#73 and RAN2#73bis the UE capability signalling for CA related features that were decided to be optional.

4) RAN WG2 should finalize the assessment on feature grouping and dependency/consequence analysis by the end of January, in order to provide enough time for companies to prepare for discussion in RAN#51.

5) In addition, if consensus can be already reached within RAN WG2, RAN WG2 can recommend to RAN plenary on whether some features should be mandatory/optional.

Furthermore, it is proposed to proceed work in RAN WG2 with the contents provided in Table 2 of this document as a starting point.
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