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1. Introduction
It has been already agreed that both localized and distributed transmissions can be multiplexed in one subframe in E-UTRA downlink [1]. There have been several proposals on how to indicate the scheduled RBs in DL scheduling message to each scheduled UE [2]-[6], but they are not discussed enough yet. In this paper, we suggest a method of signaling scheduled RBs especially focusing on LVRB scheduling.
2. Principles in downlink resource allocation
In downlink resource allocation for localized and distributed transmission, we consider the following principles.
( Keeping 12 subcarrier PRB structure

LVRB and DVRB transmissions are allocated to different PRBs, which is already agreed as working assumption [7].
( Supporting frequency diversity scheduling by LVRB
Frequency diversity scheduling by DVRB causes restriction on frequency selective scheduling by LVRB. Moreover, usage of DVRB is limited by the number of DVRB scheduled UEs one DPRB should be shred by multiple UEs. Therefore, frequency diversity scheduling through multiple LVRBs should be supported when a UE is assigned multiple RBs.
( Scheduling 1 or small number of consecutive LVRBs
It is largely supported to employ ‘RB group (RBG) wise’ scheduling especially for frequency selective scheduling to reduce the size of bitmap in scheduling information [2]-[6]. However, scheduling 1 or small amount of consecutive LVRBs is also necessary for e.g. VoIP or control signaling support with frequency selective scheduling.

3. LVRB allocation
3.1 RBG bitmap
LVRB scheduling message contains bitmap indicating scheduled LVRBs. To reduce the bitmap size, LGroup consecutive LVRBs are grouped and group wise bitmap signaling is applied (we call it ‘RBG bitmap’). For example, if we assume 50 LVRBs in 10MHz system BW are grouped by 3 LVRBs, 17 bits are enough for the bitmap signaling.
3.2 Partial RB bitmap
To support scheduling of 1 or small number of LVRBs, individual LVRB wise scheduling is necessary. To support LVRB wise allocation while keeping small size of bitmap information, scheduling via individual LVRB wise bitmap within an LVRB set is efficient (we call it ‘partial RB bitmap’), which concept is also introduced in [2]-[5]. Moreover, frequency diversity scheduling is also possible through the partial RB bitmap without introducing DVRB since scheduling LVRBs distributed over system bandwidth is possible by partial RB bitmap. 
LVRBs over system BW can be divided by multiple LVRB sets to support partial RB bitmap in many other ways. We consider three approaches in building LVRB sets, which are illustrated in figure 1 below. 
(  RBG-aligned RB set

In this approach, an LVRB set consists of LVRB groups (which are used in RBG bitmap approach) which are non-consecutive in frequency domain. With this approach, frequency diversity scheduling via LVRB can achieve full diversity over system BW. Also, eNB scheduler can easily fill up an LVRB group of which an LVRB is used for 1 RB allocation or distributed allocation for a UE. With this approach, it is also possible to allocate small number of consecutive RBs which cannot be supported by RBG bitmap signaling. It should be noted that required number of bits for this approach and RBG bitmap signaling are same.
(  RB set with distributed RBs
In this approach, an LVRB set consists of LVRBs separated by an equal distance in frequency domain, which may guarantee more frequency diversity gain for frequency diversity scheduling by partial RB bitmap signaling.
(  RB set with consecutive RBs
In this approach, an LVRB set consists of consecutive LVRBs in frequency domain. This approach cannot provide full frequency diversity in case of frequency diversity scheduling by partial RB bitmap signaling. In our view, Frequency diversity scheduling by partial RB bitmap signaling is necessary since Frequency diversity scheduling by DVRB may restrict the freedom of Frequency selective scheduling for other UEs.
Among three approaches of constructing LVRB set above, we prefer the first approach since it can provide both full frequency diversity for Frequency diversity scheduling and compatibility with RBG bitmap approach.
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Figure 1.   Three approaches for constructing RB sets
3.3 Combination of RBG bitmap and partial RB bitmap

Both RBG bitmap approach and partial RB bitmap approach should be supported for flexible DL scheduling. In case of using both RBG bitmap and partial bitmap with RBG aligned RB set, a UE should be able to distinguish between different types of bitmap information, that is, RBG bitmap, partial RB bitmap with RB set 1, partial RB bitmap with RB set 2, … , partial RB bitmap with RB set LGroup. In general, required number of bits for this bitmap type indication will be 
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3.4 Required RBG size
The required number of RBs in a RBG in each system BW can be roughly evaluated in the aspects of maximum supportable number of CCEs in first 3 OFDM symbols in a subframe. In the evaluation, we apply the following assumptions

( Number of information bits in DL scheduling message (other than RB allocation information): 26 bits for SIMO case [8].
( Coding rate in one CCE: 2/3 for both SIMO and SU-MIMO cases. 

( RB allocation method: RBG bitmap and partial RB bitmap with RBG aligned RB set
Table 1 shows the required number of resource allocation bits, total scheduling information bits, REs per CCE and number of CCEs supportable by first 3 OFDM symbols in a subframe for each RBG size for SIMO case. In our system level evaluation, up to about 20 CCEs should be supported for DL scheduling in 10MHz BW [9]. Assuming similar number of CCEs is also used for UL scheduling and required number of CCEs are roughly proportional to the system BW, we found the required RBG size for each system BW for SIMO case as follows.
( No RB grouping in 1.25MHz and 2.5MHz BW

( 2 or 3 RBs in one RBG in 5MHz BW

( 3 or 4 RBs in one RBG in 10MHz BW

( 5 or 6 RBs in one RBG in 20MHz BW

For SU-MIMO or MU-MIMO case, it is more open issue since the required number scheduling can be largely varied depending on the MIMO signaling strategy.

Table 1.  RBG sizes and corresponding supportable number of CCEs in SIMO case
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1 6.0 33.0 24.8 5.5 12.0 39.0 29.3 10.1 25.0 52.0 39.0 16.4 50.0 77.0 57.8 22.5 100.0 127.0 95.3 27.6

2 4.6 30.6 22.9 5.9 7.6 33.6 25.2 11.7 14.1 40.1 30.1 21.2 26.6 52.6 39.4 33.0 51.6 77.6 58.2 45.1

3 4.0 30.0 22.5 6.0 6.0 32.0 24.0 12.2 10.3 36.3 27.3 23.4 18.7 44.7 33.5 38.8 35.3 61.3 46.0 57.1

4 3.8 29.8 22.4 6.0 5.3 31.3 23.5 12.5 8.6 34.6 25.9 24.6 14.8 40.8 30.6 42.5 27.3 53.3 40.0 65.7

5 3.8 29.8 22.3 6.0 5.0 31.0 23.2 12.7 7.6 33.6 25.2 25.3 12.6 38.6 28.9 45.0 22.6 48.6 36.4 72.1

6 3.8 29.8 22.4 6.0 4.8 30.8 23.1 12.7 7.0 33.0 24.7 25.8 11.1 37.1 27.9 46.7 19.5 45.5 34.1 77.0

20MHz 1.25MHz 2.5MHz 5MHz 10MHz


Table 2 shows system throughput results for various RBG sizes in both TU and PedA channel models, where CQI reporting bandwidth is assumed same with each RBG. As shown in Table 2, throughput loss is up to around 15% when an RBG consists of 5 RBs in TU channel model. However, throughput loss will be smaller in a less frequency selective channel. It should be also noted that if a CQI reporting bandwidth granularity is NCQI RBs, then scheduling granularity smaller than NCQI RBs will not provide much throughput gain compared to the scheduling granularity of NCQI RBs. Therefore, CQI reporting bandwidth granularity should be a considered for the decision of RBG size.
Table 2.  System throughput with various RBG sizes (10 MHz system BW)

	
	TU, 3km/hr
	PedA, 3km/hr

	#RB/RBG
	Throughput (kbps)
	% Loss
	Throughput (kbps)
	% Loss

	1
	18855.46 
	　0%
	17897.73 
	　0%

	2
	17915.29 
	4.99%
	17883.79 
	0.08%

	3
	17214.23 
	8.70%
	17849.39 
	0.27%

	4
	16647.48 
	11.71%
	17812.83 
	0.47%

	5
	16073.65 
	14.75%
	17755.60 
	0.79%


5. Conclusions

We suggest ‘RBG bitmap’ approach and ‘partial RB bitmap with RBG-aligned RB sets’ approach as a basic LVRB allocation method for E-UTRA downlink. 
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