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1 Introduction

In RAN#66 meeting, a work item [1] on Carrier Aggregation (CA) Enhancements beyond 5 Carriers was approved. One objective of this WI is as follows:

Specify necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL, including:
· Enhancements to DL control signalling for up to 32 component carriers including both self-scheduling and cross-carrier scheduling, if any [RAN1]
In this contribution, we aim to identify the enhancements needed for DL control signalling to support CA up to 32 carriers.  
2 Discussion
As discussed in our companion contribution [2], one mechanism to realise CA up to 32 carriers is to use the PUCCH Cell Group (PUCCH CG) concept. With the PUCCH CG concept, two or more PUCCH CGs can be aggregated to support up to 32 carriers. Here, we aim to identify the enhancements needed for DL control signalling to realise CA up to 32 carriers through PUCCH CG concept.
2.1 Self-Scheduling
Rel-12 CA configurations support self-scheduling of all aggregated CCs (PCell and SCells) using Rel-8 DCI formats. This feature can be directly extended to Rel-13 CA of up to 32 CCs, regardless of the approach used for aggregation, without any modifications/enhancements.  

Observation 1: Self-scheduling (UL and DL) can be supported in CA of up to 32 CCs using Rel-8 DCI formats, as already being done in Rel-12 CA, without any modifications/enhancements.

2.2 Cross Carrier Scheduling

Rel-12 CA configurations support cross carrier scheduling such that the UE can receive PDSCH on a CC other than the one on which it receives PDCCH/EPDCCH. This feature is important to mitigate inter cell interference on the control channels in HetNet scenario and to balance the traffic and control signalling load across component carriers.  In order to maintain same benefits, we think cross carrier scheduling can be supported in CA of up to 32CCs as well.
When the PUCCH CG concept is applied, cross carries scheduling can be allowed only within the CG. i.e. a cell in one PUCCH CG cannot be used to cross carrier schedule another cell in a different CG. Moreover, extending the mechanism of Rel-12 CA, the SCell carrying PUCCH in each CG should not be cross carrier scheduled. 

In Rel-12 CA, cross carrier scheduling is supported via a 3-bit carrier indicator field (CIF) added at the beginning of Rel-8 DCI formats. Whether CIF is present in a serving cell’s PDCCH/EPDCCH DCI or not is configured by the eNB via RRC signalling. With 3-bits, up to 8 CCs can be indicated, which was more than sufficient for Rel-12 CA of up to 5 CCs. However, Rel-13 CA enhancements considers up to 32 CCs, which requires 5-bits to indicate 32 carriers. Even with the PUCCH CG approach, it should be possible to group cells with non-consecutive ServCellIndex together. i.e. PUCCH CG 1 may contain cells with ServeCellIndex 0, 5, 8, 14, 31 etc.. Therefore, regardless of the approach used to realise CA of up to 32 CCs, DL control signalling enhancements are needed to indicate up to 32 CCs for cross carrier scheduling.
Observation 2: Regardless of the approach used to realise CA of up to 32 CCs, DL control signalling enhancements are needed to indicate up to 32 CCs for cross carrier scheduling.
2.3 Common Search Space (CSS)
In Rel-12 CA, UE is required to monitor the CSS only on the PCell. This means UE is not expected to monitor for system information, paging, RA response and TPC commands in SCell. However, in Rel-12 dual connectivity, UE shall monitor the CSS of PSCell (in addition to the CSS of PCell) for most RNTIs except SI-RNTI and P-RNTI. This is mainly due to the fact that in DC, two CGs have their own PUCCHs and are controlled by two eNBs. 

If the PUCCH CG concept is applied to realise CA up to 32 CCs, mandating the UE to monitoring CSS of each SCell carrying PUCCH at least for TPC commands may eliminate the DCI enhancements. However, this may increase the UE processing overhead. In contrast to DC, all PUCCH CGs in this case is controlled by the same eNB. In that perspective, TPC commands of all PUCCHs may be carried by the PCell, which eliminates the requirement for the UE to monitor multiple CSSs. However, this requires defining new DCI formats or enhancements to existing formats. 

Thus, there exists a trade-off between UE processing complexity and DL control signalling enhancements. Hence we think that the support for more than one CSS per UE in CA up to 32 CCs should be FFS.
Observation 3: There exists a need to discuss and agree in RAN1 whether to support multiple common search spaces per UE or not in CA enhancements.
3 Conclusion

We discussed the enhancements needed for DL control signalling to support CA up to 32 CCs and we recommend considering following observations in RAN1 discussions.
Observation 1: Self-scheduling (UL and DL) can be supported in CA of up to 32 CCs using Rel-8 DCI formats, as already being done in Rel-12 CA, without any modifications/enhancements.

Observation 2: Regardless of the approach used to realise CA of up to 32 CCs, DL control signalling enhancements are needed to indicate up to 32 CCs for cross carrier scheduling.

Observation 3: There exists a need to discuss and agree in RAN1 whether to support multiple common search spaces per UE or not in CA enhancements.
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