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1. Introduction

In [1], control signaling for the downlink scheduling information is defined.  It is, however, to be decided how this information will be encoded and transmitted to the UEs.  In [2], joint encoding with Adaptive Modulation and Coding (AMC) for this signaling was proposed to reduce control channel overhead.  The region size may be fixed beforehand, or dynamic for greater flexibility if additional signaling or speculative decoding is used.  This contribution proposes that AMC regions be explicitly signaled and introduces one control field required to support this approach.
2. Downlink Scheduling Information
Currently, two encoding approaches are under consideration for transmission of downlink scheduling information as follows:
· Separate encoding:  In this case, each UE is encoded separately.  Either a single coding rate may be applied to all UEs, or a different encoding rate may be applied to each UE or group of UEs.  
· Joint encoding:  In this case, encoding is done jointly for all UEs or for groups of UEs.  Different encoding rates may be applied to each group of UEs.
Joint encoding can significantly reduce CRC overhead and may provide some coding gain.  However, joint encoding is harmful when users have different power requirements as power assignment will be dependent on the worst user.  As a result, it is proposed that users be separated into groups based on power requirements (which may be obtained from the CQI reports), then jointly encoded within each group [1]

 REF _Ref126639938 \n [3].  In addition, different modulation may be applied to each group to further reduce control overhead.  Since joint encoding is used, the region size is dependent the number of jointly encoded users.  Although speculative decoding may be used to blindly determine region boundary, control channel performance requirements may hard to meet for some users.  Hence, explicit signaling of the AMC regions is proposed.
3. AMC Control Regions
Table 1 lists cell coverage numbers at the 1% control channel BLER for an exemplar control field of 24 bits with 16-bit CRC in a system with 1x1 frequency reuse and ISD of 1732 meters (please refer to [2] for detailed simulation parameters).  

Table 1.  Cell coverage under TU channel at 1% control channel BLER and 1732m ISD.

	AMC Region
	1 TX Ant
	2 TX Ants

	16-QAM, R=2/3
	6%
	9%

	16-QAM, R=1/2
	16%
	21%

	QPSK, R=2/3
	26%
	32%

	QPSK, R=1/2
	45%
	53%

	QPSK, R=1/3
	64%
	73%

	QPSK, R=1/3, Repetition = 2
	80%
	90%

	QPSK, R=1/3, Repetition = 4
	93%
	99%


For the table, with two transmit antennas, 21% cell coverage is achievable with 16-QAM R=1/2, while 90% cell coverage is possible for QPSK R=1/3 with one repetition.  It is seen QPSK modulation is required to reach the majority of the users within the cell, rendering 16-QAM modulation of limited use.  In addition, it is also seen that large amount of coding is required to reach cell edge users.  As a result, only a few AMC regions (2-3) should be defined.  As an example, three AMC regions could be defined:  16-QAM R=1/2, QPSK R=1/3, QPSK R=1/3 with repetition 3.  Additional studies are needed to determine whether the use of 16-QAM modulation for control signaling will result in significant reduction in control overhead.  In term of signaling this AMC region definition, an example could be to signal the number of UEs assigned to each region.
4. Conclusions
In this contribution, AMC control regions and their explicitly signaling are proposed.  Based on the analysis shown in [2], it is proposed that only a few AMC regions (2-3) should be defined.  An example of how these regions can be determined includes signaling the number of UEs assigned to each region.
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------------------------------------------- Start of Text Proposal  -----------------------------------------

7.1.1.2.3 ACK/NAK
The hybrid ARQ feedback in response to uplink data transmission consists of a single ACK/NAK bit.

Table 2: ACK/NAK
	Field
	Size
	Comment

	ACK/NAK
	1
	One bit per uplink transmission and TTI.


7.1.1.2.4 Sub-frame Structure
Sub-frame structure fields are used to inform the UE of the structure of control and data channels within the sub-frame.

Table 3: Sub-frame structure control fields
	Field
	Size
	Comment

	AMC Region Definition
	FFS
	Indicates the AMC region definition.  For example, can indicate the number of UE(s) within a predefined number of AMC regions.


------------------------------------------- End of Text Proposal -------------------------------------------





























































































































































































































































