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1 Introduction
[bookmark: _GoBack]In RAN#66 meeting, a new WI proposal of LTE Carrier Aggregation (CA) Enhancement Beyond 5 Carriers [1] was approved. In our contribution [2], we have provided some discussions and proposals on the necessary mechanisms and enhancments to enable the LTE carrier aggregation of up to 32 component carriers for DL. In this contribution, we will give more detailed discussions and solutions on the enhancement of DL control siganling to support CA enhancement for up to 32 component carriers. 
2 Enhancements to DL control signalling
2.1 Extension of CIF
In Rel-10 CA, cross-CC scheduling was supported mainly for coordination of interference on DL control channel on different CCs.   In UL/DL DCI format 0/1/1A/1B/1C/1D/2/2A/2B/2C/2D/4, a 3-bit carrier indication filed (CIF) is included in the cases that cross-CC scheduling is configured for a CA-capable UE, which was capable to support up to 5 component carriers. However, the objective of Rel-13 CA enhancement WI desires to support up to 32 CCs aggregation. A 3-bit CIF is not enough. Thus, we proposed the following solutions to extend the CIF in CA enhancement. 

Solution1: Directly extend the 3-bit CIF to a field with the new bit number as defined below. For example to support CA of up to 32 CC aggregation, a 5-bit CIF could be defined in DCIs. 


Solution2: Divide the CCs into different groups and assign a CC indication jointly by a group index and a CC index within a group. In order to keep backward compatibility and reuse the 3-bit CIF, we suggest that the CC number of each group is 8 or 5, and determine the group number by 

  or


We introduce a new CC group indication filed (CGIF) in UL/DL DCI 0/1/1A/1B/1C/1D/2/2A/2B/2C/2D/4 before CIF for the UEs with the support of CA enhancement beyond 5 CCs if cross-CC scheduling is configured. The bit number of the CGIF is determined via 


Solution3: 
In this solution, the constraint is enforced that cross-CC scheduling is only permitted within a CC group. In case the number of possible aggregated CCs is increased greatly, fully flexibility in cross-CC scheduling among a maximum of 32 CCs seems unnecessary. Thus, we think it is reasonable and feasible to configure the CCs into different CC group via a semi-static manner with reduced signalling overhead. 
Based on the above assumption, we have the following CC indication proposal. As presented in Solution2, we also assume the aggregated CCs are divided into groups and a CC indication is jointly determined by a group index and CC index within a group. Here the grouping should ensure that any pair of scheduling CC and scheduled CC is allocated within the same group. The difference of solution 3 from Solution2 is that groups could be semi-static configured and the mapping relationship of CCs to a certain group could be signalled via higher layer signalling comparing to that CGIF is signalled via L1 signalling in DCI formats in solution 2.  Due to the fact that the cross-CC scheduling happens only within a group, the group index information does not need to be indicated in DCI and keeping the same 3-bit CIF field as defined in Rel-10 CA is enough to support cross-CC scheduling among up to 32 CCs.  The group ID of a cross-CC scheduled CC is the same as the scheduling CC. Comparing Solution 3 with Solution 1 & 2, the disadvantage is that this solution constrains the flexibility of cross-CC scheduling. This may be acceptable considering that it is quite unrealistic for one CC to cross schedule a large number of CCs due to the increased control channel loading on the scheduling CC.  However, the advantage is that no additional overhead for L1 DL control signalling compared with Rel-10 CA. Moreover, such logical group division may benefit the UL feedback, such as A/N feedback for PDSCH HARQ and CSI feedback. More details can be found in our contribution [3].   

2.2 DCI enhancement for TDD eIMTA with CA enhancement 
In Rel-12 TDD eIMTA, DCI format 1C with new RNTIs for eIMTA UEs was specified  to indicate  the dynamic changed TDD UL-DL configurations of eIMTA CCs.  When CA is considered in eIMTA, two or more indicators (each of 3-bit) for the corresponding two or more eIMTA-enabled cells can be included in one explicit reconfiguration DCI message for a UE configured with two or more eIMTA-enabled cells. Explicit reconfiguration DCI is transmitted in PDCCH common search space (CSS) of PCell. The mapping of the eIMTA cells to the 3-bit UL/DL configurations is signalled via higher layer signals. 

For eIMTA when enhanced CA beyond 5 CCs is supported, DCI 1C may not have enough capacity  to support up to 32 eIMTA SCells. Since each indicator of TDD UL/DL configuration is 3 bits,  the  maximum number of the reconfigurable eIMTA SCells that could be supported in DCI format 1C is only 8 (), which is much less than 32 SCells. If it is considered necessary to configure more than 8 CCs with eIMTA for a UE, this needs to be enhanced. Here we propose the following solutions for DCI enhancement for TDD eIMTA with CA enhancement beyond 5 Carriers.
Solution1: Reuse the current L1 dynamic reconfiguration signalling DCI format1C and assume the following assumptions are still valid. 
· The number of eIMTA-RNTI configured for a UE is 1.
· The eIMTA-RNTI is UE-specifically configured via RRC
· Different UEs may be configured with different eIMTA-RNTIs
Partition CCs into different groups, and signal the reconfiguration of the CCs of different groups via multiple DCI 1C in different sets of DL/special subframe per SIB1 in a time division multiplexing (TDM) manner. The mapping of the grouping of SCells to the multiple DCIs with format 1C can be signalled via higher layer signalling. The TDM transmissions of multiple DCI 1C for different groups can be based on 
1) Transmitting DCIs on different DL/special subframe sets on a frame, or 
2) Transmitting DCIs on different frames if the periodicity is larger than 40 ms, at least one frame is for one CC group. 
Solution2: Reuse the current L1 dynamic reconfiguration signalling DCI format1C with the below assumptions different from Rel-12 eIMTA: 
· The number of eIMTA-RNTI configured for a UE can be larger than 1. 
· Partition the maximum 32 CCs into CC groups and assign different eIMTA-RNTIs to different CC groups for a UE with CA enhancement 
With the above assumptions, the different reconfiguration DCIs for different CC groups can be transmitted on the same DL subframes and special subframes per SIB1 as defined for any periodicity. This solution may increase the load of the capacity of CSS of PCell PDCCH and increase the CRC checking complexity of searching on CSS and possibly false alarm. However, the advantage is that there is no need to define new TDM timing for different CC groups as proposed in Solution1.
Solution3: Select a new DIC format with a longer size, e.g. DCI format 1A (42 bit) for dynamic eIMTA TDD UL/DL reconfiguration for up to 32 CC aggregation. This solution could alleviate the shortage of the number for reconfigurable TDD configurations simultaneously in a DCI, but still can’t solve the problem completely. Possible TDM transmission manner is still needed.
Solution4: Define a new DCI format, e.g. DCI 5, with a larger size which could include the reconfigurations of all aggregated CCs permitted in CA enhancement beyond 5 CCs.
3 Summary
In this contribution, we have analysed the potential issues on the DL control signalling in CA enhancement and in TDD eIMTA with support of CA enhancement for up to 32 component carriers. Multiple solutions for each issue are proposed in this contribution, and more discussions and specification efforts are necessary on the modification of DL control signalling to support CA enhancement with up to 32 component carriers. 
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