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1
Introduction
In the dynamic scheduling mode, the PDCCH indicates the RB allocation wherein the associated PDSCH and/or PUSCH is transmitted. Note that this allocation can be either for downlink and uplink.

Given the concept of VRB, the PDCCH should indicate the VRB allocation, with the VRB(PRB mapping provided elsewhere (S-BCH).

In this document, we address the following issues:

· How should we map the VRB to PRB in downlink?
· Tone level vs. RB level of granularity

· How should the PDCCH allocate the VRB in downlink and uplink?
· (Starting point + Number of VRB) vs. Bit-map

2
Mapping DL VRB to PRB
In the downlink, there are two classes of transmissions:

· Frequency diverse scheduling (FDS) transmissions that rely on channel and interference diversity

· Frequency selective scheduling (FSS) transmissions that rely on at least channel selectivity

To efficiently multiplex both classes of transmissions within the same TTI, it is preferable to semi-statically separate the bandwidth allocation to frequency selective scheduling (FSS) and frequency diverse scheduling (FDS) users.
A subband represents the granularity of bandwidth allocation to FSS and FDS users. This is shown in the upper part of Figure 0-1, wherein subbands {0, 1, 3} are intended for FSS users and subbands {2, 4} are intended for FDS users. The subband bit-map is indicated on the S-BCH.
For maximizing the channel and interference diversity for FDS transmissions, we propose the following:
· Tone level of granularity

· VRBs intended for FDS span the entire bandwidth allocated for FDS

· Fast tone hopping is applied within the FDS subbands

There are some proposals to allow for multiple VRBs to span multiple PRBs in a non-contiguous manner. In other words, the mapping from VRB to PRB is at a RB level of granularity. However, as the number of allocated VRBs gets smaller, this scheme is inefficient. In the limit, if a UE is allocated only 1 VRB, there is no diversity whatsoever.
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Figure 1

VRB ( PRB Mapping – Tone Level Granularity
3
VRB Allocation in PDCCH
The total number of VRBs has a large dynamic range in E-UTRA:

· Nominal range is from 6 to 100

· Corresponding to “1.25” and “20” MHz numerologies

· The exact range is from 6 to 170 according to TS 36.211
In the bit-map approach, the number of bits needed to indicate the VRB allocation equals the number of VRBs.

An efficient way of indicating the VRB allocation is to indicate the starting point and number of VRBs. Therefore the total number of bits needed equals ceil(log2(N*(N+1)/2)). This is identical to the approach adopted in HSDPA, wherein the allocation of OVSF codes (out of 15 possible codes) was done using 7-bits.
The number of bits needed to indicate the VRB allocation is shown in Table 1:

	Bandwidth
	Number of Bits

	
	Bit-Map
	Starting Point

Plus

Number of VRBs

	1.08 MHz
	6
	5

	4.5 MHz
	25
	9

	9 MHz
	50
	11

	18 MHz
	100
	13

	25.5 MHz
	170
	14


Table 1
Number of Bits needed for VRB allocation
It is seen that as the bandwidth increases, there is a significant reduction in the number of bits needed for VRB allocation by using the starting point + number of VRBs based approach.
One can forsee several arguments on this topic.

3.1
Argument I
Bit-map approach provides the maximum flexibility to the scheduler, while HSDPA approach places a scheduler restriction

This statement is correct for downlink (OFDM waveform) and incorrect for uplink (localized single carrier waveform).  However, even for downlink, it must be interpreted in the right context.

The total number of bits allowed in the PDCCH is expected to be fairly small (less than 50-bits), since this channel is designed for stringent coverage requirements.
While the bit-map approach is flexible, the associated PDCCH overhead is quite simply unacceptable for large bandwidths.
3.2
Argument II
For large bandwidths, bit-map approach can be modified by changing the minimum allocation to M VRBs
Here, the definition of a minimum allocation is changed from 12 tones to M*12 tones. Such an approach reduces the overhad associated with a bit-map approach by a factor of M. 

However, as M increases, the padding overhead increases for small packets. After a lot of deliberation, we had decided to use 12 tones as the minimum allocation, based on short packets for RT services such as VoIP, etc. From this viewpoint, changing the minimum allocation to M*12 tones has a direct impact on VoIP capacity and system performance with a mix of best-effort and real-time traffic.

3.3
Argument III

For large bandwidths, bit-map approach can be modified with a variable minimum allocation, with RT users allocation in increments of 1 RB and BE users allocation in increments of M*RB
This might look like a compromise solution, but has other drawbacks. For instance, let us assume the following:
· Number of VRB allocated to RT users = Nr

· Number of VRB allocated to BE users = Nb =  N-Nr

· The total number of bits needed on PDCCH = Nr + ceil(Nb/M) = Nr*(1-(1/M)) + (N/M)

The number of bits is shown in Table 2.
	(Nr, N)
	Number of Bits

	
	M = 4
	M = 6

	(6, 25)
	11
	10

	(12, 50)
	22
	19

	(25, 100)
	44
	38


Table 2
Number of Bits needed for VRB allocation
We observe the following:
· For large bandwidth, the number of bits is still fairly substantial. The overhead remains unacceptable.
· This structure has a direct impact on VoIP capacity due to one of following reasons:

· Restriction of using at most Nr VRBs
· Padding overhead if some of the Nb VRBs are used
4
Conclusions

Based on the discussions in sections 2 and 3, we propose the following principles be adopted:

· DL VRB to PRB mapping

· Tone level of granularity

· Fast tone hopping applied within the FDS subbands

· VRB signaling with dynamic scheduling
· Starting point and number of VRB indicated in PDCCH
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