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1 Introduction
One of the most important issues for designing downlink control channel in stage 3 phase would be how to assign frequency resource to a UE. While UL is using SC-FDMA which can assign just consecutive frequency resource blocks for a UE, downlink can take more flexible approaches for resource allocation since the OFDMA is used.
This document presents reasonable criterions for the design of resource indication scheme and then discusses possible schemes.
2 Downlink Resource Indication
2.1 Design Criterions
For the designing of the resource indication scheme in DL control channel (CCH), the following points should be taken into account as design criterions.
1. Non-consecutive resource block allocation should be supported: Only consecutive resource block allocation will result in serious performance loss due to the restriction on the allocation of distant frequency regions showing good channel responses. The performance degradation by the restriction of non-consecutive resource allocation is more than 10% in terms of average cell throughput as shown in [1]. Actually the support of non-consecutive resource blocks was agreed as the working assumption in RAN1 #48bis.
2. Assigning of small size of resource (e.g. 1RB) should be supported: Even for dynamic scheduling, it might be required to transmit small packet, e.g. Gaming, TCP ACK, etc. Therefore, for this small packet, it is required to allocate suitable size of frequency resource by frequency selective scheduling.
3. Signaling overhead should be minimized: Upon a reasonable restriction on the resource allocation, signaling overhead should be carefully considered.
4. Simple solution is preferred in order to avoid the unnecessary scheduling complexity.
2.2 Possible Approaches
2.2.1 Simple BITMAP (Alternative 1)
One of the simplest approaches supporting non-consecutive resource block allocation is BITMAP scheme as shown in figure 1. RB-wise BITMAP gives the full flexibility to allocate any RBs and can show the largest scheduling gain in terms of frequency selective scheduling. However, the signaling overhead is quite big and linearly increased according to the system bandwidth, which does not satisfy the 3rd criterion in section 2.1.
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Figure 1: RB-wise BITMAP
2.2.2 BITMAP with multiple RBs (Alternative 2)
In order to reduce the signaling overhead of simple RB-wise BITMAP, BITMAP with bigger unit, i.e. subband which comprises multiple RBs, has been discussed and proposed by some companies [2-6]. As the number of RBs for one subband is increased, the signaling overhead would be reduced linearly. One important point here is that the subband size is preferred to be equal to the unit of CQI feedback since the resource allocation is performed by a scheduler based on the CQI feedback. Figure 2 is illustrating this option.
One drawback of this scheme is that it cannot assign smaller size of RBs than the fixed BITMAP unit, which is not satisfying the 2nd criterion in section 2.1.
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Figure 2: Subband-wise BITMAP
2.2.3 Alternative BITMAP with one RB (Alternative 3)
In order to avoid the drawback of alternative 2 shown in section 2.2.2, it is required to have the possibility to assign a single RB to a UE. There have been some proposals to do it possible [2-4]. Mainly, it can be achieved by signaling RB-wise BITMAP which covers limited region of total frequency bands. Possible schemes are 

1. Left half + right half: When the RB-wise BITMAP is used, the required bit is limited once we want to keep the same number of bits for resource indication with subband-wise BITMAP. So the RB-wise BITMAP is utilized for limited RB region, which consists consecutive RBs in this option. If the subband size is 2 RBs, the left half RBs and the right half RBs can be indicated by these indexes.
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Figure 3: RB-wise BITMAP option 1
2. Odd RBs & even RBs: If just RB-wise BITMAP is restricted to the consecutive RB region, it is not possible to assign one RB in left side and the other RB in right side to a UE, if required. So the 2nd option for this RB-wise BITMPA is assigning limited RB region, which consists interleaved RBs out of all RBs in total bandwidth as shown in Figure 
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Figure 4: RB-wise BITMAP option 2
Between option 1 and option 2 of RB-wise BITMAP, it seems better to adopt option 2 due to the fact that option 2 covers whole bandwidth with a single RB-wise BITMAP (index 1 or 2) so that it is possible to assign a RB in a left half region and another RB in a right half region to a UE simultaneously.
One considering point is that there is not many UE to which smaller number of RBs than a subband size are assigned at the same time, which means that it may not be efficient to use additional two (or more) signaling alternatives using RB-wise BITMAP. It is better to use as small signaling alternative as possible and reduce the required number of bits for indexing of signaling, e.g. one subband-wise BITMAP and one RB-wise BITMAP. 
The enhanced way to reduce the additional signaling alternative is shown in Figure 5. Some subbands are covered by the RB-wise BITMAP and others are not. Signaling alternative with index=1 (RB-wise BITMAP) covers RBi that satisfies └ (i-1)/2┘mod 2 = 0. This approach can assign frequency resources to a multiple UEs by means of single RB unit with just one additional signaling alternative over the whole bandwidth range. The other region which is not fully covered by the signaling with index=1 can be covered by the signaling with index=0, e.g. SB2, SB4, etc. 

[image: image5.emf]RB1 RB2 RB5 RB6 RB9 RB10 RB13 RB14 RB17 RB21 RB22 RB25 RB18

Index = 1

R

1

R

2

R

3

R

4

R

5

R

6

R

7

R

8

R

9

R

10

R

11

R

12

R

13

RB1 RB2 RB3 RB4 RB5 RB6 RB7 RB8 RB9 RB10 RB11 RB12 RB13 RB14

SB

1

RB15 RB16 RB17 RB18 RB19 RB20 RB21 RB22 RB23 RB24 RB25

SB

2

SB

3

SB

4

SB

5

SB

6

SB

7

SB

8

SB

13

SB

9

SB

10

SB

11

SB

12

R

1

R

2

R

3

Index = 0

R

4

R

5

R

6

R

7

R

8

R

9

R

10

R

11

R

12

R

13


Figure 5: RB-wise BITMAP enhanced option 2 
2.3 Signaling overhead comparison
This section summarizes signaling overhead comparison among the possible resource indication approaches presented in section 2.2. Table 1 is the summary of required number of bits for each system BW. The actual subband size and frequency of split subband can be either specified or configured by the network.
	System Bandwidth
	Alternative 1: RB-wise BITMAP 
	Alternative 2: Subband-wise BITMAP
(subband size: SB)
	Alternative 3 (additional RB-wise BITMAP)

	
	
	
	Option 1 + option 2
	Option 1 only or Option 2 only
	Option 2 enhancement

	1.25
	6
	6 (SB=1)
	N.A.
	N.A.
	N.A.

	2.5
	12
	6 (SB=2)
	9
	8
	7

	5
	25
	13 (SB=2)
	16
	15
	14

	10
	50
	17 (SB=3)
	20
	19
	18

	15
	75
	25 (SB=3)
	28
	27
	26

	20
	100
	24 (SB=4)
	28
	27
	25


Table 1: Summary of the signaling overhead for each resource indication scheme

3 Conclusion

We discussed about the resource indication issues for the downlink control signaling. The suitable approach is to have both subband-wise BITMAP covering whole frequency band and RB-wise BITMAP covering restricted region of the band. Among the possible options, option 2 is better than option 1 in terms of frequency scheduling of small size packet. Enhanced option 2 will give additional gain in terms of signaling overhead. 
Therefore, we propose to take option 2 (or enhanced option 2) described in section 2.2.3 as the baseline for further design works of downlink control channel.
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