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1. Introduction
Rel-13 includes the standardization of the enhanced carrier aggregation (eCA) where the number of component carriers (CCs) that can be aggregated is increased (with respect to Rel-12 CA) to 32 CCs. 
In this document we discuss enhancements to the scheduling information to enable efficient operation and good scalability for eCA where the number of aggregated CCs can be large.   
2. Discussion
Rel-13 standardization of eCA assumes the support of up to 32 CCs. Supporting such large number of CCs imposes some new design requirements with respect to the Rel-12 CA where the number of supported CCs was up to 5. In particular, the control design has to scale better with the increased number of CCs. The scalability has to be improved with respect to the overhead, blind decoding requirements, and the false alarm probability.
When only up to 5 CCs are configured for a UE, the max number of blind decodes is:

· 2 * 12 + 5 * 48 = 264
· Assuming 2 common search space monitored by a UE

· Assuming UL MIMO, such that 3 DCI sizes in the UE-specific search space

If only CC-specific or individual grants are supported for up to 32 CCs, the max number of blind decodes will become:

· 2 * 12 + 32 * 48 = 1560

· This presents a factor of 1560/264 ( 5.9 increase

Such an increase would make it even more challenging to perform control channel decoding and data channel decoding with a 3ms gap for the corresponding HARQ feedback. This is particularly true if EPDCCH is used for downlink data scheduling for a large number of CCs where early decoding of PDSCH for these CCs would become impossible. In addition, such an increase may raise questions regarding false alarm probability and its relevant impact (e.g., erroneous UL transmissions). 
On the other hand, cross-carrier scheduling is one important feature for CA since it enables more efficient control resource management from both interference handling perspective and statistical multiplexing efficiency perspective. In RAN1#80bis, it was agreed that:
· 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
The issue of how to address cross-carrier scheduling for more than 8 CCs remains open.
Generally speaking, although it is not completely clear regarding the use cases of the 32 CCs configured for a UE, it is expected that a lot of these CCs are of small cell deployments, where only a very limited number of UEs are expected to be scheduled at a time instance. It is still expected that some CCs are macro-like deployments. In addition, some of the CCs may at least support same-carrier scheduling. Therefore, it is important to have at least some CCs scheduled by CC-specific grants. Given that in Rel-12 there are up to 5 CCs with CC-specific grants with full control channel flexibility, it is reasonable to consider having at least K>=5 CCs with CC-specific grants with full control channel flexibility. One example is K=10.
For the remaining CCs, one possible solution that can address the scalability requirements from the perspective of resource assignment is a joint grant. Not only that joint grant can provide reduced control overhead, reduced number of blind decodes, and reduced false alarm probability, but it also implicitly provides for the cross-carrier scheduling that may be desirable in some scenarios. 
The design of joint grants should consider the following factors:

· The DCI size for joint grants should be determined based on a RRC configuration

· Instead of a function of CC activation/deactivation or dynamic scheduling

· A limited number of DCI sizes for joint grants

· In general, it is not desirable to create joint grants for all the existing CC-specific grants. Rather, in order to minimize standardization and implementation efforts, the number of DCI sizes should be small, at the expense of some overhead inefficiency. However, considering the fact that a joint grant addresses multiple CCs, the inefficiency can be easily overcome by the possibility of scheduling multiple CCs in one grant

· One example is to consider introducing 3 DCI formats for joint grants:

· DL joint grant, CRS based

· DL joint grant, DM-RS based

· UL joint grant

· The above 3 DCI formats can be designed based on existing DCI formats 2, 2D and 4, respectively

· Note that it is still possible to schedule SIMO transmissions with the above 3 DCI formats

· The number of CCs covered by a joint grant should be fixed
· E.g., 4 CCs per one joint grant

· While some information fields are separate for different CCs, other information fields can be shared by the CCs in the same joint grant
· Examples of separate information fields:

· A 4-bit bitmap CC scheduling indicator
· Resource allocation
· Note that due to the expected small cell deployments, the resource allocation granularity for a CC in the joint grants can be relaxed. E.g., for a 20MHz system, consider a 6-bit bitmap, each bit indicating a group of 16 RBs (the last bit may represent a group of 20 RBs) for resource allocation. 
· NDI per TB
· The number of TBs per CC
· For MCS, instead of having MCS per CC, one can consider separate MCS indicators for new and re-transmissions, in order to provide flexible rate adaptation operations. 
· For RV, one can consider RV = 0 for new transmissions, while explicating indicating a RV for re-transmissions
· All CCs can share the same RV for the re-transmissions

· The number of decoding candidates for joint grants can be limited 

· E.g., one can consider having UEs only monitor aggregation level 4 and level 8 control channels, resulting in 4 possible decoding candidates for a joint grant

One exemplary joint grant is shown in the following table, assuming DM-RS based DL grants scheduling 4 CCs. Note that the possibility of having DAI for eCA is another subject for further discussion. In this example, the DCI size is 96 bits.

Table 1 One exemplary DL joint grant, 100 RBs

[image: image1.emf]Field Bit-width Notes

Group Indicator 3 If cross-carrier scheduling is enabled, 3 bits; otherwise, 0

CC indicator 4 A bitmp to indicate which of 4 CCs in the group are scheduled

Resource allocation   24 6-bit per CC, each bit scheduling 16 RBs

TPC  2 HARQ resource indicator

Downlink Assignment Index 4 [A separate topic for further discussion]

HARQ process id 3 HARQ process ID (3b for FDD, 4b for TDD)

Antenna ports, scrambling id, and # of 

layers

3 Antena ports/rank indicator/scrambling ID

SRS Request 1 If configured by higher layers

# TBs indicator 4 Per CC, indicating one or two TBs for a CC

New data indicator - 1st TB 4 Bitmap to indicate NDI for each CC in the group for the 1st TB

MCS for new Tx  - 1st TB 5 MCS for new transmssion for TB1

MCS for Re Tx  - 1st TB 5 MCS for re-transmission for TB1

Redundancy version for Re Tx - 1st TB 2 RV for re-transmission for TB1

New data indicator - 2nd TB 4 Bitmap to indicate NDI for each CC in the group for TB2

MCS for new Tx  - 2nd TB 5 MCS for new transmssion for TB2

MCS for Re Tx  - 2nd TB 5 MCS for re-transmission for TB2

Redundancy version for Re Tx - 2nd TB 2 RV for re-transmission for TB2

CRC 16 CRC masked by UE MAC ID

Total: 96


With the introduction of joint grants, the number of blind decodes can be significantly reduced. Assuming up to 10 CCs with fully flexible individual grants and 6 joint grants addressing the remaining 22 CCs, the following table compares the number of blind decodes if no joint grant is introduced. It is assumed that a joint grant only incurs 4 (decoding candidates) * 2 (DCI sizes) = 8 blind decodes. As can be seen, under joint grants, the number of blind decodes with 32 CCs is roughly doubled compared with Rel-12 with 5 CCs, primarily due to the assumption of 10 CCs with fully flexible individual grants, and is only about 1/3 of the case when joint grant is not introduced for the 32 CCs.
	Cases
	# Individual Grants
	# joint grants
	# of Blind decodes

	Rel-12
	5
	0
	264

	Rel-13 w/ joint grants (32 CCs)
	10
	6
	552

	Rel-13 w/o joint grants (32 CCs)
	32
	0
	1560


3. Conclusion
In this document we discussed the need for joint grants for eCA in Rel-13, which can bring reduced number of blind decodes and false alarm probability, efficient downlink overhead management, and additional cross-carrier scheduling support. We provided some design considerations for joint grants with an example illustrating a potential DCI format for joint grants. We also stressed the need for individual grants with full control channel flexibility for a set of CCs. In summary, we propose:
· Proposal: Introduce joint grant for eCA, in addition to individual grants for a set of CCs

· The max number of CCs with individual grants can be K>=5, e.g., K=10.[image: image2.png]
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