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1 Introduction
In the RAN1#80 meeting, potential enhancements to DL control signaling for CA up to 32 CCs were discussed and the following aspects were agreed for further study for the 36.300 CA deployment scenarios: 

	· Possible extension of the cross-carrier scheduling framework to more than 5 CCs

•
FFS including:

•
CIF (3bit vs. 5bit) as part of the UL/DL grants

•
USS definition (in case of 3bit vs. 5bit CIF)

•
Aspects to be considered (not limited to):

•
DL control channel capacity limitation

•
(E)PDCCH blocking/collision

•
PHICH blocking/collision

•
Increased false-detection rate with an increasing number DL carriers

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

•
Improved UE power saving

•
Potential limitations of the eIMTA signaling




In this contribution, we provide our views on the remaining open questions.
2. Discussion 
2.1 Length of CIF 
Currently, LTE supports a 3-bit Carrier Indicator Field (CIF) as part of the DCI formats to enable control signaling for up to 8 CCs to be transmitted on a single CC by means of cross-carrier scheduling. This design provides full scheduling flexibility in Rel-10 by allowing any CC to cross-schedule any other CCs. For CA with up to 32 CCs, the 3-bit CIF becomes insufficient to address more than 8 CCs with full flexibility.
Two options were previously proposed regarding the number of bits to be used for the CIF field to enable cross-carrier scheduling for up to 32 CCs: Either keep its length at 3 bits or extend it to 5 bits. The idea of the former option (i.e., 3-bit CIF) is to divide the CCs into several CC groups each consisting of up to 8 CCs and then limit the cross-carrier scheduling to up to 8 CCs within a CC group. Cell grouping can be configured by RRC.
Using a 5-bit CIF field might be beneifical from the scheduling flexibility perspective as it allows any combination of scheduling CC and scheduled CCs (e.g., more than 8 CCs can be cross-scheduled from a single CC). However, it remains unclear to us whether it is useful to support this kind of cross-carrier configuration in practice due to the clear limitation in the DL control channel capacity. In addition, a 5-bit CIF can possibly lead to new ambigurity between DCIs because the use of the same DCI size and some zero-padding to specific DCIs might be required to resolve this problem. Considering a 5-bit CIF also introduces additional overhead of 2 bits, and larger DCI formats due to these two factors can cause a detrimental effect on the (e)PDCCH detection performance. 
Based on the above considerations, we believe that in most practical cases a 3-bit CIF field brings sufficient flexibility to allow eNB to apply cross-carrier scheduling while avoiding extra signal overhead. As a consequence, we propose: 

Proposal 1: Keep the CIF to 3 bits for support of CA up to 32 CCs

Proposal 2: Cross-carrier scheduling is limited to up to 8 CCs within a cell group. 

2.2 DCI formats 

Supporting CA with up to 32 CCs also poses challenges in DL control design when the false-detection rate and the number of blind decoding (BD) attempts are taken into account. As analyzed in [1], using the current PDCCH BD operation requires UE to perform up to approximately 1548 BD operations per subframe, which imposes a tight processing requirement at the UE side, while potentially increasing the false-detection rate. In addition, it is of interest to investigate possible ways to address the PDCCH overhead issue in Rel-13 with the increased number of CCs. 
In Rel-13, LAA operation on CCs of unlicensed bands will be supported, which is one of the main scenarios for CA with up to 32 CCs. More specificially, such CCs on an unlicensed band are likely contiguous in frequency with similar radio conditions. Such properties futher motivate the use of a simple, efficient and improved PDCCH transmission.
One possible way is to consider a joint grant having a fixed size to allow multi-CC scheduling [2][3][4]. The basic idea is to use a single DCI format to schedule resources on a set of CCs within a group of configured CCs. CC grouping can be performed by RRC. In this way, PDCCH overhead reduction can be realized at least through a single CRC, avoiding the repetition of PDCCH fields (e.g., TPC bits) and a coarser resource block assignment granularity across scheduled CCs, assuming that resource assignement granulatiry becomes less important for UE configured with a large number of CCs for data transmission. The resource assignement information in a joint grant can be either common for all scheduled CCs or individually encoded for each CC within a group. Correspondingly, the indication of which CC in a CG or CG the PDCCH points to might be required. 
Proposal 3: CC grouping and a joint grant for multi-CC scheduling within a cell group should be considered. 
2.3 PHICH resource collision 
In Rel-8, PHICH resources are determined based on the lowest assigned UL PRB index on a UL carrier and 3-bit demodulation reference symbol (DMRS) cyclic shift associated with the PUSCH transmission. In addition, higher layers provide the number of configured PHICH resources for a carrier which are proportional to the DL bandwidth and can be set to four different values (Ng = {1/6, 1/2, 1, 2}). 
In Rel-10, PHICH is only transmitted on the DL CC that was used to transmit the UL grant. In case of cross-carrier scheduling, multiple UL CCs are mapped to one DL CC for PHICH transmission. A PHICH resource collision occurs when the UL transmission on two or more CCs is scheduled by the same DL CC with the same first PRB index as well as the same DMRS cyclic shift. It is left to the eNB scheduler to avoid this collision through assignment of different cyclic shifts to the UL DMRS of such transmission and thus no standardization is required.   
Supporting CA with up to 32 UL CCs has raised one question: Is there any new mechanism needed to handle PHICH resource collision in case of cross-carrier scheduling due to the increased number of CCs? 
To be consistent with the solutions proposed in Section 2.1 and since the same considerations apply also here, assuming that CC grouping is also applied for enabling UL cross-carrier scheduling limited to up to 8 CCs within a cell group does not require the introduction of an additional mechanism with respect to PHICH resource collision handling as there is no difference within a cell group compared to previous releases. 

Proposal 4: For CA up to 32 CCs, use the existing mechanism within a cell group to avoid PHICH collision. 
3. Conclusions
This contribution considers several open issues on the DL control channel enhancements for CA up to 32 CCs, namely the length of CIF, DCI formats and adequacy of Rel-10 PHICH collision avoidance mechnisms in case of cross-carrier scheduling. 

Based on the analysis in this contribution, the following is proposed:  
Proposal 1: Keep the CIF to 3 bits for support of CA up to 32 CCs

Proposal 2: Cross-carrier scheduling is limited to up to 8 CCs within a cell group. 

Proposal 3: CC grouping and a joint grant for multi-CC scheduling within a cell group should be considered. 

Proposal 4: For CA up to 32 CCs, use the existing mechanism within a cell group to avoid PHICH collision. 
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