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1 Introduction
At the RAN1#80 meeting [1], the following two observations were noted as potential issues applicable to DL control signaing for CA with up to 32 CCs:
· Increased false-detection rate with increasing number of DL carriers

· UE DL control decoding limitations incl. increasing number of blind decodes

In this contribution, we consider enhancements to the scheduling mechanism that aim to solve these idenfiied issues due to the larger number of aggregated carriers.  
2. Discussion 
In Rel-13, a UE can be configured with up to 32 DL CCs. Currently, PDSCH or PUSCH on a serving cell is scheduled by an individual CC-specific PDCCH. Extending DL carrier aggregation to up to 32 DL carriers increases significantly the amount of blind decodes that need to be performed in a subframe. For example, in the case of CA with up to 32 DL CCs, up to 1560 BD attempts should be performed by a Rel-13 CA UE per subframe [2], which is ~32 times larger than the one for a UE with a single configured CC and ~6 times larger than that for a Rel-10 CA UE [3]. More specifically, the increased BD attempts further amplifies the problem of false-positive detection of DL grants, which incurs undesirable HARQ-ACK transmissions and leads to severe intra-cell and inter-cell interference [4]. 
We believe a joint DCI format is a possible way to address these two observed issues and should be carefully investigated. This design is also beneficial in avoiding the DL control signaling overhead scaling with the number of configured carriers. 
Proposal 1: Consider introducing a joint DCI format to support CG-based scheduling for Rel-13 CA with up to 32 CCs. 
Further optimizations for the jointly coded DCI can be considered such as DCI content compression, modified granularity for resource allocation, etc. Which CCs are included for each CC group can be configured by higher layer signalling and the number of CC groups can be limited to 5 or 8. By doing so, the existing 3-bit CIF can be reused to indicate the CC group ID for cross-carrier scheduling and blind decoding attempts can be maintained at a similar level to Rel-12 CA.
Some design considerations for the joint DCI format can be summaried as follows: 
DCI format size
One of design details for the joint DCI format is the definition of the DCI format size. It can be either based on the number of configured DL CCs or the number of activated DL CCs. The latter would allow for faster tracking of the actually required CCs but may easily lead to misunderstanding between eNB and terminal regarding the number of activated CCs since activation/de-activation is based on MAC control element signaling which is less secure than RRC signaling. In those error cases, errorneous detection of the jointly coded DCI format may arise. Those error cases can be easily mitigated by defining the DCI format size according to the number of configured CCs and the transmission modes for CCs regardless of whether they are activated or not.  
Proposal 2: The joint DCI format size is defined based on the number of configured CCs and configured transmission mode for each Cell Group. 
Information Element (IE) fields 

In general, some of the joint DCI format fields can be made common across scheduled CCs to reduce the payload size, while some fields need to be separate for different CCs in order to provide sufficient scheduling flexibility to the eNB. 
In our view, the following fields can be considered to be common across different CCs in the joint DCI format to achieve good signaling overhead savings and minimal scheduling impact:  

· Resource block assignment (RBA):
· Currently, the resource allocation granularity is increased for a larger system bandwidth so that the best trade-off between resource scheduling granularity and signaling overhead is achieved. This principle can be applied to the joint DCI format for Rel-13 CA with more than 5 CCs, where the RBG size for the serving cell can be scaled depending on the number of aggregated RBs across all CCs corresponding to the joint DCI format. Then, the RBA size can be maintained at a similar level as in Rel-12 without increasing the resource allocation overhead. To illustrate the potential PDCCH overhead savings, Table 1 shows an example of increased RBG size and Table 2 presents the corresponding overhead reduction with the joint DCI formats using these new RBGs. 
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	Table 2 RA field size in DCI formats for a single CC
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· Modulation and coding scheme (MCS):
· To further reduce the signaling overhead, it can be considered to support a smaller number of MCS schemes (e.g., 3-bits or 4-bits). The supported MCSs comprise QPSK/16QAM/64QAM/ 256QAM or a subset of them with a limited set of possible coding rates. 
· HARQ process number: 
· Multiple CCs can operate in a similar way as multiple codewords in DCI format 2. 

· TPC command for PUCCH: 
· 2-bits. FFS whether to reuse it for other functions such as PUCCH resource allocation. As one example, if there is only one DCI with joint coding per each CC group and if the DCI carries only one TPC field, TPC in a CC group containing PCell is used for real TPC for PUCCH and TPC in the other CC groups is used for ARI to derive PUCCH resource. Similar to existing CA, all ARI values can be assumed to be the same by the UE.
· Redundancy version:
· 2-bits for retransmission. A fixed value can be used for initial transmission, while other values can be explicitly used for retransmission [3]. 
 
Other information such as NDI, precoding information, etc. can be kept per CC as in the legacy LTE system. 
Proposal 3: Scalable RBG size for resource allocation is introduced to reduce the DCI overhead.
Proposal 4: TPC for PUCCH is discussed once the design of CC grouping and jointly coded DCI are outlined. 
3. Conclusions
In this contribution, we discussed open issues related to the introduction of joint DCI to support Rel-13 CA scheduling with up to 32 CCs. Based on discussions, we make the following proposals: 

Proposal 1: Consider introducing a joint DCI format to support CG-based scheduling for Rel-13 CA with up to 32 CCs. 

Proposal 2: The joint DCI format size is defined based on the number of configured CCs and configured transmission mode for each Cell Group. 

Proposal 3: Scalable RBG size for resource allocation is introduced to reduce the DCI overhead.

Proposal 4: TPC for PUCCH is discussed once the design of CC grouping and jointly coded DCI are outlined. 
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