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1. Introduction

In the Athens meeting, the shared control bits was categorized and estimated into agreed proposal [6]. Based on that statistic of information for downlink control, discussions are going on how to map it into the down link resource. This contribution is addressing on how could we efficiently signal down link control, while taking care of relevant issue.

2. Control channel

For down link control information, there are three kinds of information to be signalled down to the UE: down link scheduling information, uplink scheduling grant, ACK/NACK. There are major two methods to multiplex different UEs’ downlink control. For separate coding, one modulation and coding block is dedicated for one user. For joint coding, multiple UEs shared one modulation and coding block. 

2.1. Separate coding

Legacy WCDMA have practical example of separate coding. As HS-SCCH use the CRC mask to identify UE, the UE ID bits are saved. Masking method is much ideal for separate coding scheme. In currently estimated 8 or 9 bits for UE ID. The advantage can only show for small number of UEs per sub-frame.

Another benefit of the solution is it permits per UE modulation and channel coding. This allows nodeB to more “accurately” efficiently use the modulation order and coding rate, even, power level. But for OFDM system, the frequency selective fading may severely impact a small amount data.

2.2. Joint coding

Joint coding can be benefited from larger size of coding block. This is especially beneficial for LTE downlink. To compensate the “coarse” granularity of MCS, several level of MCS may be introduced. Since LTE will not employ fast power control, this scheme may attain similar robustness as separate coding, e.g. above sufficient MCS or power many need to be applied for the UE as to its geometry value for the sake of fast fading resistance.

Joint coding can utilize more frequency diversity since the bits for several UEs occupy wider band than for just one UE, assuming same amount of symbols for each scheme.
3. Number of symbols for control

To enable macro-sleep for more power efficient UE, control information should be put into the first 1 or 2 symbols. The principle is to concentrate control energy into shortest duration per sub-frame as possible. It works better in case of one reference for sub frame. It is also applicable for in case we split reference into 2 symbols, e.g. slightly degradation of channel estimation by the 1st symbol out of 2.

It was proposed to scattered the control symbols into entire sub-frame. Base on our preliminary simulation in [1], performance for 3 symbols data pertain similar performance as 6 symbols for different velocities. Thus, the scattered method does not possess so prominent performance gain than others in resistance of time variation perspective. 

Another benefit of the scattered method is the possible power boosting for control can be averaged through the sub-frame. This will enhance Average Coverage Rate of the critical shared control. However, regarding the power is not the only the factor to ensure error rate, averaging the energy could be replaced by other means. Further study may be taken to validate it.

4. Overhead comparison between joint coding and separate coding

Simply saying, the overhead for separate vs joint is bits for individual CRC tail + no ID vs combined CRC tail + explicit ID. Table 1 illustrate the comparison, assuming 8 bits for ID and 12 bits for CRC tail.

	
	Separate 
	Joint

	
	CRC+ID
	CRC+ID

	1 UEs
	12
	20

	2 UEs
	24
	28

	3 UEs
	36
	36

	4 UEs
	48
	34


Table 1. Comparison of bits cost between separate and joint scheme.

For the current system parameter, for 10MHz bandwidth, the first symbol can provide 525 modulation symbols. It can carry 350 information bits, assuming a typical QPSK and 1/3 cc. This is approximately for 8-UE’s scheduling information of category 1.2.3 to be multiplexed into by joint coding scheme, supposing the ID and CRC length is 12. Separate coding may need the second symbols, for 8UEs. Note for that case the signalling overhead is much significant.

In Uplink reference, RAN1 has discussed possible 12 UE for 5MHz band need to be support. That was the partial reason for choosing the FDM multiplexing uplink reference. So, we need to look for possibility of the downlink control to meet same level of requirement. From the table we can see the Joint coding will be much compact than the other.

5. Handover consideration

The issue was forwarded for the smooth data TX/RX during handover. One simple solution for handover is having idle mode and active mode for UE [7]. When the UE doing handover, it stops to receive or sending any data and starts a cell searching and random access procedure. Then major advantage of it is simplicity. However, the cell searching and random access take time and perform badly in cell border, which is the typical region of handover. The data discontinuity could be acceptable for Packet data user, but not for constant real time steam user, e.g VoIP user. The extent of impact of the discontinuity should be further evaluated.

Another solution is allowing the cell search and random access to target cell while transiting data in the current cell. Here, we only discuss the downlink aspect. Since we are featuring asymmetric bandwidth system, e.g. for 20MHz bandwidth system, the 10MHz UEs may not cover the entire SCH.  Contribution [2], [3] and others suggest to expand the SCH. As the last meeting unanimous agreement on initial study on original fixed SCH bandwidth, irrelevant with the system band, the method proposed by [4] from us becomes feasible.

For this method the implication on multiplexing data should be analysed. For joint coding case, the division of the entire 20MHz should make it possible for 10MHz UE be scheduled to the central frequency. Figure 1 illustrates a method to divide resource blocks. In this method, 3 joint coding blocks are given as the coloured belts, corresponding to two 5MHz blocks and one 10MHz block. Each block is encoded with control information for numbers of UEs.
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Figure 1. 20MHz band division to accommodate low band UE to the central band during handover

In normal state, the system can schedule UEs to overlap any of the regions. During handover, systems only send shared control for 10MHz UEs in the central region.

6. Conclusion:

Though many factors are not decided yet, this contribution attempt to give a solution for downlink control coding based preliminary analysis results so far. In summary, we show our preferences.

1. In some cases, joint coding for downlink control saves more bits under some conditions, e.g. reasonable number of UEs.

2. Joint coding blocks should be for several different MCS or Power level. The exact MCS and power level should be decided by further analysis.

3. Joint coding blocks occupy the same sub carriers as the possible band for resource block of UE data.

4. Separate coding is considered for the case that number of UEs is low.

5. Some further analysis may need to be done to compare the performance different between the two coding scheme. 

6. The entire 20MHz system bandwith should be divide into several joint coding blocks to accommodate 10MHz UEs and ensure data continuity.

7. Restrict downlink control to a few symbols in one sub-frame.
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