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1 Introduction

Different alternatives of downlink control structures for LTE-Advanced system have been discussed in the previous RAN1 meetings [1-2]. Separate coding and Joint coding have shown potential suitability for the downlink control structure in LTE-Advanced system due to either reusing the existing DCI formats of Rel’8 LTE system or introducing new DCI formats in the PDCCH that can significantly reduce the signalling overhead. 
In this contribution, we provide our preliminary view of the downlink control structure based on the two main alternatives of Separate coding and Joint coding schemes.
2 Downlink Control Structure  

In RAN1#55, it was decided that there is one transport (i.e. in non-MIMO case) and one hybrid-ARQ entity per scheduled component carrier. Based on that it seems that there are two major alternatives for the PDCCH structure: Separate coding or Joint coding as shown on Figure 1.

Figure 1. Separate and Joint coding for the PDCCH
Separate coding: 

Similar to Rel’8 mechanism, the PDCCH follows the same Rel’8 structure by transmitting the PDCCH on the same scheduled component carrier. 

Pros:

· Reusing the existing DCI formats, i.e. backward compatible.
Cons:

· Increased overhead when UE is scheduled to multiple component carriers.

· Increased number of blind decodings when UE monitors multiple component carriers.

Joint coding: 

The PDCCH carries the control for multiple component carriers that are scheduled and transmitted at the same time. 

Pros:

· Less overhead than separate coding when UE is scheduled to multiple component carriers.
· Less number of blind decodings if the PDCCH for a given UE is transmitted on a single predefined component carrier (e.g. the anchor component carrier). 

Cons:

· Increased overhead when scheduled on small number of component carriers, but this can be alleviated by allowing a UE to receive a subset of component carriers known as active component carriers. 
· The RB group assignment resolution become coarser when scheduled to multiple active component carriers.
· New DCI formats need to be defined.
3 Semi-static Configuration of the Active Component Carriers

In order to reduce the UE’s power consumption, it is beneficial UE to receive a subset of component carriers (CCs) on which PDSCH can be transmitted for a period of time. For example if UE is capable to receive five component carriers at maximum, but at this moment in time, eNB is sending a low data rate on a regular basis, such as VoIP, etc, then it is just enough UE to receive only one component carrier. However, when data rate increases, eNB can inform UE to receive two or three component carriers. By the same token during very high data rate transmission, eNB can inform UE to receive all five component carriers. It is therefore important to have a signalling mechanism that enables UE to receive small number of active component carriers whenever needed (i.e. by muting and unmuting some of the component carriers). It is then foreseeable that this signalling mechanism should be semi-static configuration to avoid excessive signalling.  
For the joint coding, the semi-static configuration of the active component carriers will lead UE to decode DCI formats with different payloads in semi-static manner. In other words, the payload of the DCI formats that the UE is going to decode will be determined by the number of active component carriers which are semi-statically configured. 
Further more, for the joint coding, in order to reduce the number of blind decodings within the active component carriers, it is beneficial to adopt the notion of UE specific anchor component carrier [2] in which the PDCCH for a given UE is always transmitted. In this case, almost the same number of blind decodings as in LTE Rel’8 can be achieved. Other benefits of UE specific anchor component carrier includes the backward compatibility for LTE PDCCH mapping rule as a new mapping rule is not required to be defined, that is the same PDCCH multiplexing, permutation and RE mapping for LTE Rel’8 can be re-used.  
3.1 Dynamic assignment within the Active Component Carriers

Although UE is going to receive all the active component carriers, eNB may not schedule PDSCH transmission on all the active component carriers in every subframe. As a result, dynamic assignment of the PDSCH transmission within the active component carriers could be seen beneficial.
In case of separate coding, the dynamic assignment can be made implicit by transmitting the PDCCH on the same scheduled component carrier similar to Rel’8 mechanism.
In case of joint coding, it seems that making the dynamic assignment explicit is the only possible approach which means that a new field of component carrier assignment bit mask should be added in the PDCCH/DCI payload as shown on Table 1. The advantage is that when smaller number of component carriers are dynamically scheduled (i.e. smaller than the number of active component carriers), the resolution of the RB Group size can be optimised, i.e. slightly finer resolution can be adapted.
As it is mentioned earlier for the joint coding, new DCI formats with larger payloads are needed to be designed for both MIMO and non-MIMO case. The size of the new DCI formats will depend on optimization of certain fields, such as CRC/UE ID, Resource allocation field, etc. An example is given on Table 1 for non-MIMO case.
   Table 1. Example for DCI Format 1 for one codeword in FDD Mode.
	CRC/UE ID
	16 bits

	Component Carrier Assignment bit mask size 
	5 bits

	TPC Command
	2 bits

	MCS 
	5 x M bits

	HARQ Process number
	3 x M bits

	New Data Indicator
	2 x M bits

	Redundancy version
	2 x M bits

	Resource Allocation (assuming method 2 in [3])
(Note here that the RB Group resolution depends on the number of scheduled component carriers, see further on Table 2b)
	28, 37, 42, 44, 55 bits for M=1, 2, 3, 4, 5 respectively.

	Total for one Component Carrier/transport block (M=1)
	63 bits

	Total for five Component Carriers/transport blocks (M=5)
	138 bits


     Note: M is the number of active component carriers.
4 Overhead Analysis Separate vs. Joint coding
This section provides signalling overhead comparison of the Separate and Joint coding schemes.
Figure 2 below shows PDCCH signalling overhead analysis comparing Separate coding and Joint coding of the Downlink control structure assuming that all the active component carriers are scheduled at the same time. In this signalling overhead analysis, a single DL DCI Format 1 was utilised with discontinuous resource allocations. It can be seen that the number of bits for the Separate coding is linearly increasing with the number of active component carriers, much higher than the joint coding scheme. 
In addition, Table 2a gives insight the incurred signalling overhead when some of the carriers are dynamically scheduled within the active component carriers. Separate coding scheme shows less number of bits “only when” one component carrier is dynamically scheduled. Further more, Table 2b shows RB Group size analysis of the Separate and Joint coding schemes. Joint coding scheme applies coarser RB Group resolution when scheduled to multiple component carriers, however, finer resolution can be achieved by scheduling small number of carriers.  
Table 2a. Overhead analysis of the Separate vs. Joint coding

	Total number of PDCCH signalling bits based on DCI Format 1

	No. of dynamically scheduled CCs
	Separate Coding
	Joint Coding

	
	No. of active CCs
	No. of active CCs

	
	1
	2
	3
	4
	5
	1
	2
	3
	4
	5

	1
	56
	56
	56
	56
	56
	63
	79
	96
	110
	138

	2
	
	112
	112
	112
	112
	
	79
	96
	110
	138

	3
	
	
	168
	168
	168
	
	
	96
	110
	138

	4
	
	
	
	224
	224
	
	
	
	110
	138

	5
	
	
	
	
	280
	
	
	
	
	138


Table 2b. RB Group size analysis of the Separate vs. Joint coding
	RB Group Size (Resource assignment resolution) based on DCI Format 1

	No. of dynamically scheduled CCs
	Separate Coding
	Joint Coding

	
	No. of active CCs
	No. of active CCs

	
	1
	2
	3
	4
	5
	1
	2
	3
	4
	5

	1
	4
	4
	4
	4
	4
	4
	3
	3
	3
	2

	2
	
	4
	4
	4
	4
	
	6
	6
	5
	4

	3
	
	
	4
	4
	4
	
	
	8
	8
	6

	4
	
	
	
	4
	4
	
	
	
	10
	8

	5
	
	
	
	
	4
	
	
	
	
	10
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             Figure 2. Overhead comparison of Separate coding vs Joint coding
5 Conclusion
In this contribution, we have discussed the pros and cons of the two main alternatives of Separate and Joint coding schemes for the downlink control structures. Joint coding scheme seems to provide significant signalling overhead reduction as well as less number of blind decodings. For the joint coding scheme, the signalling overhead reduction is mainly coming from optimization of certain fields such as CRC/UE ID, Resource allocation field, etc.
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