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1. Introduction
In the RAN1 #48bis meeting, we agreed on discontinuous RB allocation to a UE in downlink. As next step, we need to find a solution to reduce a number of control signaling bits in DL grant. This topic was already raised in e-mail discussion. As the answer to this, we propose the scheduling policy and the signaling way in this contribution.
2. Proposal
Our proposal to reduce control signaling bits for RB allocation information is based on following view.
- The change of RB size to 12 sub-carriers was decided by considering specific packet size, VoIP and TCP-ACK.
- The bandwidth of CQI reporting unit is twice the bandwidth of a RB or wider.
The concept of our proposal is as follows.

(1) Aggregate several RBs and consider aggregated RBs (called “RB group” here) as the smallest scheduling unit.
(2) One RB granularity should remain to support small packet size, TCP-ACK.

(3) Inform RB groups allocated to each UE by bitmap format.

(4) The same bitmap size regardless of RB group size.

This concept is depicted in figure 1. To keep point 4 above, we introduce sub-band (SB) indicator which is valid only when 1 RB granularity is used. When the SB indicator is “0”, the following bitmap expresses RB allocation in 1st half sub-band (blue ID) and when the indicator is “1”, the bitmap expresses RB allocation in 2nd half sub-band (green ID).
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Figure 1: The scheduling policy and signaling way
The figure 2 shows an example of the bitmap with this proposal. Two control channels are needed to assign one UE some 12 sub-carriers RBs in whole bandwidth in case of using the SB indicator. However, we think that the traffic which needs 12 sub-carriers RB size needs only one sub-band based on the view we mentioned at the beginning of this chapter.
[image: image2.emf] 

L4    

E  

G  

E  

F  

D 0  

D 1  

D 2  

D 3  

   A      L0  E  

G  

E  

F  

   B      L1  E  

G  

E  

F  

   A      L2  E  

G  

E  

F  

   C      L3  

0   RB index   1   2   3   4   5   6   7   8   9   10   11  

L5     L6     L7    


Figure 2: Example of bitmap with proposal
The table 1 shows how many bits can be reduced by this proposed scheduling and signaling policy. As a starting point, we consider 2 RBs aggregation. We have to evaluate how many bits are signaled in a total of one control channel and how many control channels can be simultaneously transmitted in one sub-frame. If we need to reduce signaling bits further, we will consider more number of RBs aggregation. We show the relationship between indicator and bitmap for 4 RBs aggregation case in annex A.

Table 1: Number of signaling bits for RB allocation information (20MHz bandwidth)
	Maximum number of RBs aggregated
	Bitmap size [bits]
	Additional indicator size [bits] 
	Total [bits]

(bitmap + indicator)

	1
	100
	0
	100

	2
	50
	2
	52

	3
	34
	3
	37

	4
	25
	3*
	28


*Possible aggregation sizes are 1, 2 and 4 RBs.
3. Conclusion
We proposed to introduce RB aggregation and consider the size as a scheduling unit. This proposal brings significant reduction of a number of signaling bits for RB allocation information. Therefore, this kind of the scheduling policy and the signaling way should be employed. Similar policy/way is proposed in [1] and [2] as well.

The simulation results which shows user throughput impacted by RB aggregation is shown in another our contribution [3]. From the rapid evaluation, we don’t see degradation in case of fixed 2 RBs aggregation and see degradation (less than 10 %) in case of fixed 3 and 4 RBs aggregation. The proposed policy/way, i.e., the flexible RB aggregation, which selects aggregation size dynamically and in UE specific, may mitigate the degradation although further study is needed.
Concerning mixture of localized and distributed transmission, signaling examples based on our proposal is shown in annex B.
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Annex A
The table A-1 shows what the indicator means in each RB aggregation case when the possible aggregation sizes are 1, 2 and 4 (maximum = 4RBs).

The figure A1 depicts an example of the indicator and the bitmap in case of 4 RBs aggregation at maximum. 
Table A-1: Indicator and bitmap position in 4 RBs aggregation (example)

	Indicator
	Meaning

	000
	1 RB granularity, bitmap is for 1st quarter bandwidth

	001
	1 RB granularity, bitmap is for 2nd quarter bandwidth

	010
	1 RB granularity, bitmap is for 3rd quarter bandwidth

	011
	1 RB granularity, bitmap is for 4th quarter bandwidth

	100
	2 RBs granularity, bitmap is for 1st half bandwidth

	101
	2 RBs granularity, bitmap is for 2nd half bandwidth

	111
	4 RBs granularity, bitmap is for entire bandwidth
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Figure A1: Example of 4 RBs aggregation at maximum
Annex B
In the RAN1 #49 meeting, we discussed on the mapping of VRB to PRB in distributed transmission. The output of the discussion is shown in [4]. Although there are several alternatives on each point, we support that Nd is equal to N_DPRB and N_DPRB changes dynamically. We here show how resource allocation is signaled to localized and distributed UE respectively under the condition that RB aggregation is applied to localized transmission.

(1) Option 1

The figure B1 and B2 depict the case of N_DPRB=4 and 3 respectively. The Ln denotes resource index for localized transmission after RB aggregation. The Dn denotes resource index for distributed transmission. In this option, we assume that which PRBs are used for distributed transmission is fixed and these PRBs are reserved for maximum usage case in specification. In this example with figures, 4 is maximum N_DPRB value and 4 PRBs are reserved for distributed transmission. However, these PRBs can be also used for localized transmission when N_DPRB is less than 4 in certain sub-frame. The figure B2 shows such a case that one PRB out of 4 reserved is used for localized transmission. In the following, we show the signaling way.

In this option, the PRBs reserved for distributed transmission are also numbered (L4-L7) for localized transmission case but not aggregated. The allocation status of these resources is informed by bitmap as well. Therefore, the N_DPRB value is not needed to signal to localized transmission UE.

The interval of DPRB is just example. Also, it is noted that TDM within a DPRB is illustrative purpose. The detail of our proposal on mapping is shown in [5].

Signaling information needed for localized transmission UE
a. Transmission type (localized/distributed) *1
b. Aggregation size

c. Bitmap (corresponding to L0-L7)
[Example: UE-B in figure B2]

a => Localized, b => 100 (refer table A-1), c => 01000100
Signaling information needed for distributed transmission UE
a. Transmission type (localized/distributed) *1
b. N_DPRB (or Nd)

c. Bitmap (corresponding to D0-D3) *2
[Example: Signaling for UE-E in figure B2]

a => Distributed, b => 3, c => 1100
*1: This information might not be needed if the transmission type can be distinguished by CQI reporting type, i.e., wideband or multi-band.

*2: The bitmap size is reserved for the maximum value of N_DPRB.
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Figure B1: N_DPRB=4 under Option 1
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Figure B2: N_DPRB=3 under Option 1
* The different size among resources in DPRB doesn’t have specific meaning.

(2) Option 2

The figure B3 and B4 depict the case of N_DPRB=4 and 3 respectively. The Ln and the Dn denotes the same ones in option 1. In this option, we assume that which PRBs are used for distributed transmission is fixed for each N_DPRB value. In the following, we show the signaling way.

In this option, the N_DPRB value is signaled to localized transmission UE and the PRBs reserved for distributed transmission are not numbered for localized transmission case because these PRBs are always used for distributed transmission.

Signaling information needed for localized transmission UE

a. Transmission type (localized/distributed) *1
b. N_DPRB

c. Aggregation size

d. Bitmap (corresponding to L0-L4) *3
[Example: UE-B in figure B3]

a => Localized, b => 3, c => 100 (refer table A-1), d => 01000
Signaling information needed for distributed transmission UE

a. Transmission type (localized/distributed) *1
b. N_DPRB (or Nd)

c. Bitmap (corresponding to D0-D3) *2
[Example: Signaling for UE-E in figure B4]

a => Distributed, b => 3, c => 1100
*1: This information might not be needed if the transmission type can be distinguished by CQI reporting type, i.e., wideband or multi-band.

*2: The bitmap size is reserved for the maximum value of N_DPRB.
*3: The bitmap size is reserved for maximum number of localized resources after aggregation.
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Figure B3: N_DPRB=4 under Option 2
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Figure B4: N_DPRB=3 under Option 2

* The different size among resources in DPRB doesn’t have specific meaning.
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