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1 Introduction

Following initial agreements on UE categories at RAN1#62 ‎[1], the UE categories were agreed at RAN1#63 ‎[2], and further input was received from RAN4 ‎[3]. Further discussion took place during RAN#50, where CRs for 36.331 and 36.306 were approved ‎[4]

 REF _Ref281997473 \r \h 
 \* MERGEFORMAT ‎[5]. RAN1 and RAN2 were tasked to discuss UE capabilities for CA (in RAN2), DL MIMO and UL MIMO (in RAN1), as well RAN2 to prepare an initial proposal on UE capabilities covering all Rel-10 work items for discussion at RAN#51 ‎[6]. 

This contribution covers discussion on UE capability aspects for Carrier Aggregation and all Rel-10 work items related to RAN1. The focus of the discussion in RAN1#63bis should be on the DL MIMO and UL MIMO parts. The focus of the discussion in RAN2#72bis should be on the CA related parts.

2 Discussion

The LTE Rel-10 work items related to UE functionality in RAN1 are CA, DL MIMO enhancements, UL MIMO, and non-CA based TDM ICIC. In addition, enhancements to SRS triggering have been introduced in RAN1, while RAN2 has introduced an extended BSR table and a Rel-10 PHR format.

2.1 UE categories

The new Rel-10 UE categories are summarized below, and a Rel-10 UE indicates to which UE category (1 – 8) it belongs ‎[4]. The indicated UE category provides the framework to which the UE capability signaling has to be consistent with. A UE indicating a certain category, shall also indicate consistent signaling of the related UE capability parameters with which the maximum data rates for the corresponding UE category can be achieved. 

	UE category
	Max. Data rate

(DL / UL)

(Mbps)
	DL
	UL

	
	
	Max. num.of DL-SCH TB bits
per TTI
	Max. num. of DL-SCH 

bits 

per TB

per TTI for (max # of supported DL layers)
	Total num. of soft channel bits
	Max. num. of UL-SCH TB bits per TTI
	[Max. num. of UL-SCH bits
per TB

per TTI] 
	Support for 64QAM 

	Category 6
	DL 300 Mbps / 

UL 50 Mbps
	301504
	149776 

(4 layers)

75376 

(2 layers)
	3667200
	51024
	51024
	No

	Category 7
	DL 300 Mbps /  UL 150 /100 Mbps
	301504
	149776 

(4 layers)

75376 

(2 layers)
	3667200
	102048
	51024
	No



	Category 8
	DL 3000 Mbps / 

UL 1500 Mbps
	2998560
	299856

(8 layers)
	35982720
	1497760
	149776
	Yes


2.2 Carrier aggregation

In line with the indicated UE category, the supported combinations of DL carriers and the supported combinations of UL carriers should be indicated by UE capability signaling.

Cross-carrier scheduling with CIF has been introduced for carrier aggregation, for which the UE would have to support RRC signaling about the PDSCH starting position, PHICH on different CC than the SIB2 linked CC, PDCCH on a different CC than the SIB2 linked CC, a pathloss reference DL CC different than the SIB2 linked CC, and potentially RRC signaling of CP length of a SCC and to obtain synchronization from different CC. UE capability signaling should indicate whether cross-carrier scheduling with CIF is supported, where a prerequisite is the indication of support for more than one DL CC. 

PUCCH format 3 has been introduced to support more than 4 A/N bits. For a UE that supports up to 4 A/N bits, following from the indication of supported DL layers and CCs for the combination that requires most A/N bits, the support of PUCCH format 3 should be indicated as UE capability (yes/no). For a UE that needs to support more than 4 A/N bits, following from the indication of supported DL layers and CCs for the combination that requires most A/N bits, it has been agreed by RAN1 that the support of PUCCH format 3 is mandatory. 

PUCCH format 1b with channel selection has been defined in Rel-10 for up to 4 A/N bits, and the support for this PUCCH format should be mandatory for all UEs that indicate support of more than one DL CC. Furthermore, PUCCH format 1b with channel selection and bundling has been defined in Rel-10 for more than 4 A/N bits in case of TDD, and the support of this PUCCH format should be mandatory for all TDD UEs that indicate support of more than one DL CC.

Uplink transmit diversity (SORTD) has been defined for PUCCH in Rel-10 for formats 1/1a/1b/2/2a/2b/3. It is currently FFS in RAN1 whether PUCCH format 1b with channel selection supports any transmit diversity. The support of UL transmit diversity should be indicated by UE capability signaling, provided that the UE indicates support of UL multi-layer transmission for the PCC.

Non-contiguous resource allocation on PUSCH (Clustered DFT-S-OFDM) has been introduced in Rel-10. A UE would be required to support the DCI format related to the non-contiguous allocation method, as well as the mapping of REs with clustered DFT-S-OFDM. As the support of this feature can be UE specific and there is no relation to carrier aggregation, UE capability signaling should indicate the support of non-contiguous resource allocation on PUSCH (yes/no).

Simultaneous transmission of PUCCH and PUSCH has been introduced in Rel-10, and the specification of UCI transmission is almost completed in RAN1. A UE would be required to support the newly defined UE behaviour for transmission of UCI and CSI, extended power headroom reporting (type 2, Pcmax,c), and power scaling between PUSCH and PUCCH if they occur simultaneously on the UL PCC. As the support of this feature can be UE specific and there is no relation to carrier aggregation, UE capability signaling should indicate the support of simultaneous transmission of PUCCH and PUSCH (yes/no).

Mobility measurements on SCells have been introduced in Rel-10. A UE supporting more than one DL CC would be required to support performing mobility measurements. However, the UE may or may not need measurement gaps to perform required interfrequency measurements. The need for gaps is UE specific and should be indicated with UE capability signaling. We propose a static capability (yes/no per band combination and band to measure) [9].

New functionality has been defined in Rel-10 related to DL CA, which should be supported by all UEs supporting CA in DL, such as UCI reporting functionality (A/N transmission on PUCCH PUSCH, periodic CSI reporting on PUCCH or PUSCH, aperiodic CSI reporting), UL power control functionality, periodic CSI reporting on PUCCH, UCI reporting functionality on PUSCH, RRM functionality (i.e., mobility measurements on SCells, and activation/deactivation of Scells).

New functionality has been defined in Rel-10 related to UL CA, which should be supported by all UEs supporting CA in DL, such as UL power control functionality, and RRM functionality (i.e., activation/deactivation of Scells).

Proposal:

· UE capability signaling should indicate 

· the supported combinations of DL carriers and the supported combinations of UL carriers, in line with the indicated UE category.

· the support of cross-carrier scheduling with CIF (yes/no), where a prerequisite is the indication of support for more than one DL CC.

· the support of PUCCH format 3 (yes/no), for a UE that supports up to 4 A/N bits, following from the indication of supported DL layers and CCs for the combination that requires most A/N bits. 

· the support of UL transmit diversity for PUCCH (yes/no), where a prerequisite is the indication of support for UL multi-layer transmission for the PCC.

· the support of non-contiguous resource allocation on PUSCH (yes/no).

· the support of simultaneous transmission of PUCCH and PUSCH (yes/no).

· the need for gaps/no-gaps for inter-frequency measurements  (yes/no per band combination and band to measure). 

· UEs indicating support of more than one DL component carrier shall support all related mandatory functionality:

· PUCCH format 1b with channel selection
· PUCCH format 1b with channel selection and bundling (if the UE supports TDD CA)
· PUCCH format 3 (if the UE needs to support more than 4 A/N bits, following from the indication of supported DL layers and CCs for the combination that requires most A/N bits)

· Periodic CSI reporting on PUCCH

· UCI reporting functionality on PUSCH related to DL carrier aggregation

· UL power control functionality related to DL carrier aggregation

· RRM functionality related to DL carrier aggregation (i.e., mobility measurements on SCells, activation/deactivation of Scells).

· UEs indicating support of more than one UL component carrier shall support all related mandatory functionality:

· UL power control functionality related to UL carrier aggregation

· RRM functionality related to UL carrier aggregation (i.e., activation/deactivation of Scells).

2.3 Enhanced downlink multiple antenna transmission

With the introduction of 8 layer PDSCH transmission, the number of supported layers in DL has increased compared to Rel-8/9. The number of supported DL layers (1, 2, 4, 8) should be indicated for each DL carrier combination ‎[3]. This signaling shall be in line with the indicated UE category
.

In order to support PDSCH mapping taking CSI-RS and muting into account for all supported transmission modes, a UE is required to support RRC configuration of CSI-RS and muting, PDSCH mapping around CSI-RS and muted REs, which also includes correct application of CSI-RS and muting dropping rules to handle collisions with PBCH/PSS/SSS/paging/SIBs. Since CSI-RS and muting are cell specific features, they must be supported by all Rel-10 UEs.

Transmission mode 9 has been introduced, requiring the support of DCI format 2C and UE specific RS for FDD and TDD. Support of CSI feedback based on CSI-RS up to 8 Tx is included as part of transmission mode 9. As LTE is evolving towards using UE specific RS rather than CRS, the support of transmission mode 9 should be required for all Rel-10 UEs. 

Proposal: 

· The number of supported DL layers (1, 2, 4, 8) should be indicated for each DL carrier combination ‎[3]. The signaling should be in line with the indicated UE category.

· All Rel-10 UEs shall support CSI-RS and muting.

· All Rel-10 UEs shall support transmission mode 9.

2.4 UL multiple antenna transmission

The support of spatial multiplexing on PUSCH requires a combination of supported features in the UE, such as support of multiple layers on PUSCH, multi-antenna SRS, multi-layer UCI multiplexing on PUSCH and OCC for DMRS. Since these UE functionalities are closely related, all this functionality should be supported by UEs indicating the corresponding number of supported layers. The number of supported layers (1, 2, 4) should be indicated for each UL carrier combination ‎[3]. The signaling should be in line with the indicated UE category
. 
Proposal: 

· UE capability signaling should indicate the number of supported UL layers (1, 2, 4) for each supported UL carrier combination, in line with the indicated UE category. 

· UEs indicating support of more than one DL layer shall support all related mandatory functionality.

2.5 TDM ICIC for non-CA based deployments of heterogeneous networks

TDM operation with almost blank subframes has been introduced in Rel-10, which would require support for restricted measurements from UEs that want to benefit from non-CA based TDM ICIC operation for HetNet deployments by exploiting the network assistance data with transmission configuration in the serving and neighbor cells. The UE should indicate whether it supports RRM/RLM measurements on a restricted subset of subframes. 

Restricted CSI measurements have also been introduced to enable a better adaptation to varying interference conditions, where the UE has to support configurable CSI measurement restriction for aperiodic CSI feedback and configurable CSI measurement restriction for periodic CSI feedback. It is not necessary that all Rel-10 UEs support restricted CSI measurements, therefore UE capability signaling could be used to indicate whether restricted CSI measurements are supported. 

As both these restricted measurements are intended to support heterogeneous network deployments, a joint capability should indicate whether the UE supports these measurements (yes/no).

Proposal: 

· UE capability signaling should indicate whether the UE supports restricted measurements for heterogeneous network deployments. 

· A UE indicating support for restricted measurements for heterogeneous network deployments shall support restricted RRM/RLM measurements and restricted CSI measurements.

2.6 Other Rel-10

Aperiodic SRS triggering has been introduced, where the UE would have to support triggering of SRS by a DCI message on the PDCCH. Support for this feature is not required for all UEs, therefore UE capability signaling should indicate whether the UE supports this feature or not.

An Extended PHR MAC CE format has been introduced in Rel-10 with possibility to report Pcmax,c and PHR Type 2. Following the suggestion from RAN1 [7] that that Pcmax,c should be reported by Rel-10 UEs also in the case when there is no CA, this Extended PHR format should be supported by all Rel-10 UEs. 

The Extended BSR table introduced in Rel-10 ranges from 0- 3000 Kbytes and the NW will configure the UE to use it via RRC. This Extended BSR format is mandatory for all UEs supporting CA and/or MIMO as it is expected to reach high buffer sized then. Since, also for UEs operating without CA and MIMO, buffer sizes can exceed the maximum Rel-8/9 BSR value and the network can benefit from knowledge of the real buffer sizes in the UE we propose [8] that all Rel-10 UEs should support the Extended BSR table. 

Proposal: UE capability signaling should indicate whether the UE supports aperiodic SRS triggering (yes/no).

3 Conclusion

This contribution discusses Rel-10 UE capabilities, and proposes to introduce Rel-10 UE capability signalling as follows.

1. Related to the CA work item:

a. Supported combinations of DL carriers, in line with the indicated UE category.

i. UEs indicating support of more than one DL component carrier shall also support all mandatory functionality as outlined in section ‎2.2.

ii. UEs indicating support of more than one DL component carrier shall indicate by UE capability signalling whether they support

1. Cross-carrier scheduling with CIF
2. PUCCH format 3 (if the UE supports up to 4 A/N bits, following from the indication of supported DL layers and CCs for the combination that requires most A/N bits).
b. Supported combinations of UL carriers, in line with the indicated UE category.

i. UEs indicating support of more than one UL component carrier shall also support all mandatory functionality as outlined in section ‎2.3.

c. Support of non-contiguous resource allocation on PUSCH (yes/no).

d. Support of simultaneous transmission of PUCCH and PUSCH (yes/no).

e. Need for gaps for inter-frequency measurements  (yes/no per band combination and band to measure). 

2. Related to the DL MIMO work item:

a. Number of supported DL layers (1, 2, 4, 8) for each supported DL carrier combination, in line with the indicated UE category.

b. All Rel-10 UEs shall support CSI-RS and muting, as well as transmission mode 9.

3. Related to the UL MIMO work item:

a. Number of supported UL layers (1, 2, 4) for each supported UL carrier combination, in line with the indicated UE category.

i. A UE indicating support of UL multi-layer transmission for the PCC shall indicate by UE capability signalling whether it supports UL transmit diversity for PUCCH.

4. Related to other work items:

a. Support for restricted measurements for heterogeneous network deployments (yes/no)

i. A UE indicating support for restricted measurements for heterogeneous network deployments shall support restricted RRM/RLM measurements and restricted CSI measurements.
b. Support of aperiodic SRS triggering (yes/no)

c. All Rel-10 UEs shall support Extended PHR format, as well as Extended BSR table.

From the above discussion it is concluded that few RAN2 specific capabilities need to be introduced for CA and Rel-10 WIs related to RAN1. It is proposed that RAN2 discuss and agree on:

· Mandatory support of the Extended BSR table and the Extended PHR format;

· Way forward for signalling of CA capabilities 1a, 1b, 2a and 3a;

· Mechanism for measurement gap capability for CA;

Then address signalling aspects for remaining L1 capabilities as they are concluded by RAN1.
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� Note that UE category 8 requires support of 4 layer UL transmission [1].





