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1 Introduction
In RAN1 80bis, the followings were agreed for DL control signalling:

Agreements:
· Keep the Rel. 10 CIF size of 3bits in the DCI (for a carrier-specific grant)
· Rel. 13 CA enabling to address 8 cells with the 3bit CIF

· FFS: Mapping of ServingCellID to CIF for a scheduling cell
· FFS: USS definition and relation to CIF

 Agreements:
· No enhancements to Rel. 10 CA PHICH resources and related mapping is needed in Rel. 13 CA
· FFS: Whether to clarify of UE behavior in case of multiple PUSCH transmission pointing to the same PHICH resource for the UE
Agreement:
· No enhancement of eIMTA related signaling in Rel-13 
· No eIMTA enhancement for CA operation with more than 5 TDD frequency bands in Rel-13
This contribution further discusses DL control signalling enhancements for LTE eCA with up to 32 CCs
2 Discussions
2.1 PHICH

Up to Rel-12, DM RS CS field in UL grant offers the PHICH resource offset, e.g. for UL MU-MIMO where the PHICH resources for the different UEs can be the same given that the lowest PRB indices of PUSCHs from different UEs could be the same. This offset value can differentiate PHICH resources so that individual PHICH resource aims to an individual UE. This PHICH resource offset can be further used to avoid PHICH collision in case of cross-carrier scheduling where lowest PRB indices of PUSCHs are the same on two or more CCs. A fixed PHICH resource offset of “+1” is used for the second TB in reference to the first TB for UL SU-MIMO, again to avoid PHICH resource collisions between the different TBs.

In Rel-13 eCA supporting up to 32 CCs, the offset values provided by DM RS CS may not be sufficient to avoid the PHICH resource collisions all the time since the number of bits for DM RS CS is just 3 (i.e. 8 offsets). Thus, in some cases, PHICH resource collisions may not be avoided (e.g. with PUSCHs scheduled on 32 CCs in the same subframe). In such case, in order to address the PHICH resource collision problem, eNB can do the ACK/NACK bundling operation for PUSCHs on the different CCs.
In TS36.213, ACK/NACK information on PHICH and PHICH resource allocation are specified per serving cell c. Thus, UE shall not expect the different PHICH resources associated with different PUSCHs on different UL CCs, except two different TBs for UL SU-MIMO within the same CC. In consequence, the ACK/NACK bundling operation for PUSCH on different CCs can be utilized by eNB implementation for ACK/NACK feedback without changing the specification.
Proposal 1: There is no need to clarify of UE behaviour in case of multiple PUSCH transmission pointing to the same PHICH resource for the UE.

2.2 CC Grouping
A method of CC grouping can be considered for efficient and reliable operation of DL control signalling. Within each CC group, a joint coded DCI can be used to schedule the CCs within the CC group. Further optimizations for the joint coded DCI can be considered such as DCI contents 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 CC group ID for cross-carrier scheduling and blind decoding attempts can be maintained in the similar level to Rel-12 CA.
Proposal 2: CC grouping is introduced for Rel-13 eCA. 

· Within each CC group, a joint coded DCI schedule the CCs within the CC group.
· Which CCs are included for each CC group is configured by higher layer signalling.

· The 3-bit CIF is used to indicate CC group ID.

The larger granularity for resource allocation can be further considered. An example is shown in Table 1 by doubling the existing RBG (Resource Block Group) size. Table 2 shows the RA size change and overhead reduction in DCI formats with new RBG. The RBG size does not have to be fixed but rather it would be desirable that eNB can configure the RBG size. 
Table 1 New granularity for resource allocation

	System Bandwidth
	RBG Size

(P)

	
[image: image1.wmf]DL

RB

N


	

	 ≤10
	1
	2

	11 – 26
	2
	4

	27 – 63
	3
	6

	64 – 110
	4
	8

	
	legacy
	new


Table 2 RA field size in DCI formats

	System Bandwidth
	Size of RA in DCI formats (bits)
	Overhead reduction
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	 6
	6
	3
	50%

	15
	8
	5
	37.5%

	25
	13
	6
	53.8%

	50
	17
	9
	47.1%

	75
	19
	10
	47.4%

	100
	25
	13
	48%

	
	legacy
	new
	


Proposal 3: The configurable RBG size for resource allocation is introduced to save DCI overhead.
2.3 Refined USS

With CC grouping together with joint coded DCI discussed in Section 2.2, one DCI can schedule multiple CCs within the same group. Having said that, the similar level of a new USS can be maintained to the legacy USS. The parameter n_CI (cell index) can be replaced by the CC group index.
Proposal 4: The existing parameter n_CI in hashing function for USS is replaced by the CC group index.
2.4 TPC for PUCCH
In existing CA, for example of FDD CA, TPC on PCell is used for real TPC and TPC on SCell is used ARI. All ARI values on SCell are assumed the same by UE.
In Rel-13 eCA, the detailed design of TPC for PUCCH would be dependent on the exact design of CC grouping and joint coded DCI. 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 the same by UE.
Proposal 5: TPC for PUCCH is discussed once the designs of CC grouping and joint coded DCI are outlined. 

3 Conclusions
In this contribution, we discussed DL control signalling design for Rel-13 eCA supporting up to 32 CC CA. From the discussions so far, our proposals are summarized as following:
Proposal 1: There is no need to clarify of UE behaviour in case of multiple PUSCH transmission pointing to the same PHICH resource for the UE.
Proposal 2: CC grouping is introduced for Rel-13 eCA. 

· Within each CC group, a joint coded DCI schedule the CCs within the CC group.

· Which CCs are included for each CC group is configured by higher layer signalling.

· The 3-bit CIF is used to indicate CC group ID.

Proposal 3: The configurable RBG size for resource allocation is introduced to save DCI overhead.

Proposal 4: The existing parameter n_CI in hashing function for USS is replaced into the CC group index.

Proposal 5: TPC for PUCCH is discussed once the designs of CC grouping and joint coded DCI are outlined. 
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