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1 Introduction

UE capabilities for operation with Dual Connectivity (DC) were discussed in RAN1#77 and in the subsequent email discussions [1]. Most issues were resolved with the exception of the UE prioritization of PUSCH transmissions in case the UE capability for the maximum number of UL-SCH transport block bits transmitted within a subframe is exceeded which will be further considered in RAN2 [2]. One remaining aspect is the support of a Common Search Space (CSS) on the Secondary Cell Group (SCG). There are two aspects related to supporting CSS on the SCG. The first is the supported RNTIs. The second is whether the total UE PDCCH decoding capability is increased relative to CA operation with the same number of cells; i.e. whether a different UE capability is required for communicating with a same number of cells for DC and CA. 

This contribution considers the above aspects for supporting CSS on the SCG.

2 CSS Requirements on SCG
CSS on SeNB is needed to support:

a) RAR (Msg2)
RAN2 has agreed to support contention based random access on the SCG and that the UE receives Msg2 from the SCG. Therefore the UE needs to support detection of DCI Format 1A and DCI Format 1C with CRC scrambled by RA-RNTI on the CSS of the SCG pSCell.
b) eIMTA UL/DL configuration signaling

eIMTA operation is likely on the SCG as it is targeted for data offloading. Therefore, the UE needs to support detection of DCI Format 1C with CRC scrambled by TDD-ModeA-RNTI on the CSS of the SCG pSCell.

c) Fallback associated with CIF, A-SRS, A-CSI reconfigurations
The SCG operates as a Rel-11 cell group and therefore supports functionalities such as cross-carrier scheduling, aperiodic SRS, aperiodic CSI, etc. Fallback needs to be supported and therefore a UE needs to decode DCI Format 1A and DCI Format 0 with CRC scrambled by C-RNTI on the CSS of the SCG pSCell.
d) Power Control for Periodic CSI and SRS Transmissions and for non-adaptive PUSCH Retransmissions

Power control for UL transmissions on the SCG that are not associated with an UL grant needs to be provided by DCI Format 3/3A with CRC scrambled by TPC-PUCCH-RNTI or TPC-PUSCH-RNTI.
CSS on SeNB is not needed to support:

a) Paging 

Paging support on the SCG is not needed as the MCG provides mobility support and the RRC connection and as system information to the SCG is provided by dedicated RRC signaling from the MCG. Therefore, a UE does not need to support detection of DCI Format 1C with CRC scrambled by P-RNTI on the CSS of the SCG pSCell.

b) System Information (SI) signaling
As previously mentioned, the MCG provides the RRC signaling to a UE and dedicated RRC signaling from the MCG is used to provide SI for the SCG. Therefore, a UE does not need to support detection of DCI Format 1C with CRC scrambled by SI-RNTI on the CSS of the SCG pSCell.
c) RRC Connection Request/Setup
Communication in a SCG is supported only for RRC_CONNECTED UEs. Therefore, a UE does not need to support detection of DCI Format 0/1A with CRC scrambled by Temporary C-RNTI on the CSS of the SCG pSCell.
d) SPS

RAN2 has not yet reached a decision on SPS support for the SCG. Therefore, it is TBD whether or not a UE needs to support detection of DCI Format 0/1A with CRC scrambled by SPS-RNTI on the CSS of the SCG pSCell.
Proposal 1: A UE supports detection of the same DCI formats and RNTIs on the pSCell CSS as on the PCell CSS excluding P-RNTI, SI-RNTI, Temporary C-RNTI, and possibly SPS-RNTI.

Since a UE operating with DC needs to support detection of DCI Format 1C and of DCI Formats 0/1A on the CSS of the pSCell, the UE needs to potentially perform 12 additional PDCCH decoding operations relative to when it is operating with CA. The issue then becomes whether hardware modifications to support 12 additional PDCCH decoding operation are needed for a UE to operate with DC (effectively introducing new UE (sub)-categories) or a similar approach as for splitting the DL/UL-SCH capability (or even the UL power) is applied.  

One approach to avoid UE receiver hardware changes to support DC is to configure the split of maximum (E)PDCCH decoding operations between the MCG and the SCG, similar to configuring the split of the maximum DL/UL-SCH TB bits between the MCG and the SCG. However, unlike the split of the maximum DL/UL-SCH TB bits where a “soft” one can be used as the UE knows the scheduled PDSCH receptions or PUSCH transmissions in a subframe, the split of the (E)PDCCH decoding operations needs to be a “hard” one. Considering the typical use of DC for data offloading on the SCG and that a very small number of UEs is scheduled per subframe on a small cell, using a slightly smaller number of (E)PDCCH candidates than for typical macro-cell deployments will have no impact on the blocking probability. 
Another approach is to leave it to the implementation how to allocate the available PDCCH decoding operations between the MCG and the SCG. For example, the additional 6 PDCCH decoding operations for DCI Format 1C are only occasionally needed in specific subframes and the additional 6 PDCCH decoding operations for DCI Formats 0/1A/3/3A can be obtained by reducing PDCCH decoding operations in the UE-specific search space for example based on the UE’s SINR or on previously used aggregation levels. It is of course possible that the UE may miss PDCCHs but this will be an infrequent event with minimal impact on system throughput and could be further minimized by each eNB scheduler expecting that the UE may not be able to decode 1-2 (E)PDCCH candidates. 
Proposal 2: Split of UE capabilities between the MeNB and the SeNB applies to both the maximum number of DL/UL-SCH TB bits and to the maximum number of PDCCH decoding operations.

3 Conclusions

This contribution considered the support of CSS on the pSCell and the (E)PDCCH decoding capability for a UE configured operation with dual connectivity. In particular, the following are proposed.
Proposal 1: A UE supports detection of the same DCI formats and RNTIs on the pSCell CSS as on the PCell CSS excluding P-RNTI, SI-RNTI, Temporary C-RNTI, and possibly SPS-RNTI.

Proposal 2: Split of UE capabilities between the MeNB and the SeNB applies to both the maximum number of DL/UL-SCH TB bits and to the maximum number of PDCCH decoding operations.
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