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1
Introduction
As E-UTRA supports frequency multiplexing as well as spatial multiplexing of different UEs, the number of active UEs in a TTI may vary in a wide range. Accordingly, the maximum number of L1/L2 control channels should  be large enough to accommodate such a large variation of number of UEs in a TTI. In order to efficiently utilize time-frequency resources for the L1/L2 control channel transmission, TR 25.814 [1] recommends a segmentation of the payload of the L1/L2 DL control channel (i.e., SDCCH [2]) into 3 categories described below and proposes a potential joint coding of the category-1 information across multiple users.

· Category 1 – Resource indication (UE or group specific ID, resource assignment, duration of assignment)

· Category 2 – Transmit format (Multiantenna related information, modulation scheme, payload size)

· Category 3 – HARQ information (HARQ process number, RV, new data indicator, retransmission sequence number) 
In this document we qualitatively compare the potential issues of the joint coding and the individual coding of the L1/L2 DL control channel.
2
Joint Coding vs. Individual Coding of L1/L2 Control
Joint coding integrates the entire L1/L2 control information [3] or the categoy-1 infromation (i.e., UE ID, resource assignement, and duration information) [1][4] of multiple UEs as a single payload and applies a common CRC and a common channel coding. According to [3], the join coding provides the following potential advantages over individual coding:

· The total payload size of the jointly coded L1/L2 control channel is likely to be smaller than the sum of the payload size of all individual control channels, as only one CRC can be used to protect the control information of multiple UEs. Furthermore, the joint coding enables an efficient resource map sharing for mulitple users when there are a large number of scheduled UEs.

· Joint coding is likely to increase the code block size of the L1/L2 control channel, which enables the use of turbo coding intead of convolutional coding. The larger coding gain originating from the turbo coding can improve the coverage.
However, the above advantages analyzed in [3] are not valid in the overall system operational perspective due to the following reasons:

· The payload reduction through a common CRC in [3] originated from the assumption that the UE ID can significantly be reduced from 16 bits to 9 bits in the joint coding. As a 16-bit CRC can be masked by a 16-bit UE ID in the individual coding, we can regard that there is no additional overhead due to the mulitple CRCs for multiple users. In fact if we keep 16 bits for UE ID size, the payload size increases in the joint coding as an additional common CRC is required.

· The payload may be reduced through the efficient  resource map sharing when a single user is assigned to each resource block. However, E-UTRA is likely to support mulitple users for each resource block through SDMA operation. As the degree of the SDMA gets larger, the resource map sharing becomes significantly inefficient. In [5], we analyzed the L1/L2 control channel overhead assuming maximum 2 SDMA users or 4 SDMA users per resource block and showed that the payload size reduction through the joint coding is minimal. Table 1 summarizes the number of tones required to accommodate given number of DL and UL users.
· The improved coding gain through turbo coding is true when at least several users are jointly coded. But the performance gain is reported to be about 1dB or less up to the number of users of interest. On the other hand, when the number of scheduled users is small (e.g., a single scheduled user), turbo coding degrades the performance in comparison with the convolutional coding for a reasonable payload size of the L1/L2 control channel [4]. Therefore, in order to achieve the improved coding gain with the joint coding, we need to selectively apply either convolutional coding or turbo coding depending upon the number of users involved in the joint coding, which will demand a “coding scheme indicator” to decode the L1/L2 control channel.    
	
	Maximum number of UEs that TDM control channel can accommodate in the first two OFDM symbols
	Corresponding number of tones for TDM with joint/individual coding
	Corresponding number of tones for FDM with 

individual coding

	2 SDMA Users per RB

(2 Tx antennas)
	5 DL + 5 UL
	635
	580

	
	10 UL
	464
	560

	
	13 DL
	883
	780

	4 SDMA Users per RB

(4 Tx antennas)
	3 DL + 3 UL
	477
	348

	
	8 UL
	378
	448

	
	6 DL
	570
	360


Table 1
Number of subcarriers to support 2 SDMA users and 4 SDMA users per resource block [5]

On the other hand, there are several disadvantages of the joint coding, which are described in the following:

· Individual coding can improve the link budget of L1/L2 control channel through individual power control depending on each user’s pathloss and slow fading state. However, joint coding prevents the optimal power allocation to each individual user and thus the payload size should be limited by the capacity of the worst-geometry user involved in the joint coding. The link budget aggravates when the jointly coded control channel should be transmitted only on one or two OFDM symbols to enable the “micro-sleep” mode operation.
· Individual L1/L2 control channel can be located either on the best subband or on the distributed frequeny tones for each UE to minimize decoding errors, but jointly coded L1/L2 control channel should naturally be transmitted only on the distributed frequency tones as all UEs invovled in the joint coding should decode the channel.
· If the joint coding takes a hierarchical control channel structure which separates category-1 and category-2/3 and only category-1 information is jointly encoded to accommodate a large number of users [1][4], each UE should suceed in decoding both category-1 and category-2/3 parts to be able to decode the shared data channel.  Therefore, in order to meet a target decoding performance of 1% BLER, the jointly coded category-1 information part and individually coded category-2/3 information part should provide BLER performance lower than 1%, which further aggravates the cell coverage.   

· Joint coding needs additional overhead (e.g., category-0 information [3]) than individual coding to indicate the total resources that are being used for control channel.  

· When Node B has two or more transmit antennas, joint coding of L1/L2 control channel prevents the use of precoding for the jointly coded control channel. As a large size of jointly coded control channel is transmitted on the distributed frequency tones, Node B needs to allocate a large amount of power and bandwidth for the common broadband pilot to decode the control channel. Therefore, a pilot design associated with the downlink precoding is less flexible, as it is very inefficient to use dedicated pilots to demodulate each individually precoded downlink shared data channel in addtion to the common broadband pilot which already consumes a significant amount of bandwidth and power. On the other hand, if precoding is applied individually to multiple subbands or resource blocks of a user, the number of bits to describe the precoding information may become large, where the use of dedicated pilots and precoded individual L1/L2 control channel may be a more efficient solution. 
· L1/L2 control channel may be used to convey individual paging and other (e.g., measurement indication) information, but joint coding cannot support the use of L1/L2 control channel for such purposes [6].
3
Conclusions

In this contribution, we qualitatively compared joint coding and individual coding of L1/L2 control channels. Joint coding may aggravate the cell coverage, make the use of dedicated pilots inefficient for precoding, and prevent the possibility of using L1/L2 control channels as individual paging channels. 
Therefore, we propose individual coding of L1/L2 control channels in the downlink of E-UTRA.   
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