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1 Introduction
In RAN#57, a Rel-12 work item on NCT was approved with the following justification:

The New Carrier Type could be used in conjunction with carrier aggregation of a legacy LTE carrier, in case the targeted block of spectrum does not allow for a standalone operation, e.g., unpaired FDD spectrum. Furthermore, the New Carrier Type could be used in standalone mode, e.g., in TDD or paired FDD blocks. 
According to the justification, two deployment scenarios are defined for Rel-12 NCT, i.e.:

· Scenario 1: The NCT is used with carrier aggregation.

· Scenario 2: The NCT is used in standalone mode.
In this contribution, we share our understandings on Rel-12 NCT and discuss the corresponding impact on the resource allocation.
2 Scenario 1: carrier aggregation
In TS36.300 section 6.4, the description for carrier aggregation is:

In case of CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required per serving cell;

-
In both uplink and downlink, there is one independent hybrid-ARQ entity per serving cell and one transport block is generated per TTI per serving cell in the absence of spatial multiplexing. Each transport block and its potential HARQ retransmissions are mapped to a single serving cell.

When the NCT is aggregated with a legacy LTE carrier, the HARQ entity on the NCT should be independent of the legacy carrier. Therefore, even for synchronized NCT, at least the following fields in DL DCI formats should be separated allocated:
· HARQ process number
· New data indicator 
· Redundancy version
· Resource block assignment (with Localized/Distributed VRB assignment flag or Resource allocation header)
· DAI (only for TDD) 
There are two possible methods to transmit the DCI on the NCT and the associated backward compatible carrier:

· Alt.1: Separate DCIs
For this alternative, the Rel-11 DCI formats and the Rel-11 carrier aggregation behavior are reused.
· Alt.2: Joint DCI with extended field
The extended DCI includes two parts of information: the common scheduling information and the independent scheduling information. The independent scheduling information for the NCT and the associated legacy carrier can be set individually, while the common scheduling information applies to both the NCT and the legacy carrier. The independent scheduling information shall at least include the fields discussed above to allow parallel HARQ entities on the multiple component carriers.
The motivation of Alt.2 is to reduce the DCI overhead. However, the following issues need to be considered for this alternative:

· Larger CCE aggregation level
According to the agreement made in RAN1#69, DCI formats 1A, 2C (2D) are supported on NCT. Table 1~2 in the appendix show the payload of DCI format 1A/2D on EPDCCH. It can be seen that when the bandwidth of NCT is more than 5MHz, the overhead of HARQ process related fields are more than 70% and 60% for DCI format 1A and 2D respectively. Thus, the payload of an extended DCI roughly increases by more than 60%. With such a large payload, it needs to be assessed whether the current CCE aggregation levels are sufficient, as well as the search space design since higher aggregation levels may be used more frequently. 

· Larger overhead of downlink control

The overhead reduction for Alt.2 is achieved when the NCT and the legacy carrier are scheduled in a same subframe. For the subframes in which data transmission is only scheduled on one of the carriers, Alt.2 can increase the downlink control overhead due to the extended DCI formats. Whether downlink control overhead on average can be saved with Alt.2 hence depends on the percentage of subframes in which data transmission is scheduled on both the NCT and the legacy carrier.
· Impact on PDCCH/EPDCCH blind decoding

For a UE configured with a legacy carrier and a NCT in the downlink and a single carrier in the uplink, the payload of DCI format 0/4 is much less than the payload of an extended DCI format 1A with Alt.2. Therefore, the maximum number of PDCCH/EPDCCH blind decodings will be increased, unless a large number of padding bits are included in either DCI format 0 or DCI format 4 to align the DCI size with the extended DCI format 1A.
Given the above analysis, it is natural to have separate DCI formats for data transmissions on the NCT and the associated legacy carrier. Hence, we have the following proposal:
Proposal: Separate DCI is used for scheduling data transmission on NCT when the NCT is aggregated with a legacy LTE carrier.
3 Scenario 2: standalone mode
For a standalone NCT, functionalities and procedures similar to a legacy carrier, including cell search, broadcast, random access, scheduling, etc., shall be provided on the NCT. In terms of resource allocation, it is natural to use the Rel-11 EPDCCH mechanism for standalone NCTs.
4 Conclusions

This contribution shows our views on the resource allocation for Rel-12 NCT. For standalone NCT, it is natural to use the Rel-11 EPDCCH mechanism for resource allocation without much discussion required. For non-standalone NCT (i.e. the NCT is associated with a legacy carrier), either separate DCI formats or a joint DCI format can be used for resource allocation on the NCT and the legacy carrier. Considering that carrier aggregation requires parallel HARQ entities on the multiple configured carriers, a significant part of the DCI fields cannot be shared between the NCT and the legacy carrier. Hence separate DCIs are currently preferred.
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6 Appendix
Table 1. DCI format 1A for EPDCCH

	Field
	1.4M
	3M
	5M
	10M
	15M
	20M

	Carrier indicator 
	0/3
	0/3
	0/3
	0/3
	0/3
	0/3

	Flag for format0/format1A differentiation
	1
	1
	1
	1
	1
	1

	Localized/Distributed VRB assignment flag
	1
	1
	1
	1
	1
	1

	RB assignment
	5
	7
	9
	11
	12
	13

	MCS
	5
	5
	5
	5
	5
	5

	Hybrid ARQ process number (TDD/FDD)
	4/3
	4/3
	4/3
	4/3
	4/3
	4/3

	New data indicator
	1
	1
	1
	1
	1
	1

	Redundancy version
	2
	2
	2
	2
	2
	2

	TPC command for PUCCH
	2
	2
	2
	2
	2
	2

	DAI (TDD only)
	2
	2
	2
	2
	2
	2

	SRS request
	0/1
	0/1
	0/1
	0/1
	0/1
	0/1

	HARQ-ACK resource offset
	2
	2
	2
	2
	2
	2

	Percentage of necessary fields (in red)
	TDD
	68%
	70%
	72%
	74%
	75%
	75%

	
	FDD
	63%
	66%
	69%
	71%
	72%
	73%


Table 2. DCI format 2D for EPDCCH

	Field
	1.4M
	3M
	5M
	10M
	15M
	20M

	Carrier indicator 
	0/3
	0/3
	0/3
	0/3
	0/3
	0/3

	Resource allocation header
	0
	1
	1
	1
	1
	1

	RB assignment
	6
	8
	13
	17
	19
	25

	TPC command for PUCCH
	2
	2
	2
	2
	2
	2

	DAI (TDD only)
	2
	2
	2
	2
	2
	2

	Hybrid ARQ process number (TDD/FDD)
	4/3
	4/3
	4/3
	4/3
	4/3
	4/3

	Antenna port(s), 
scrambling identity and number of layers
	3
	3
	3
	3
	3
	3

	SRS request (only for TDD)
	0/1
	0/1
	0/1
	0/1
	0/1
	0/1

	Codeword 1
	

	MCS
	5
	5
	5
	5
	5
	5

	New data indicator
	1
	1
	1
	1
	1
	1

	Redundancy version
	2
	2
	2
	2
	2
	2

	Codeword 2
	

	MCS
	5
	5
	5
	5
	5
	5

	New data indicator
	1
	1
	1
	1
	1
	1

	Redundancy version
	2
	2
	2
	2
	2
	2

	HARQ-ACK resource offset
	2
	2
	2
	2
	2
	2

	Percentage of necessary fields (in red)
	TDD
	52%
	55%
	60%
	63%
	65%
	69%

	
	FDD
	48%
	51%
	57%
	61%
	63%
	67%
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