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1. Introduction

Localized resource-block-based transmission should be used for the E-UTRA downlink shared channel. Localized transmission implies that shared-channel transmission to a certain UE is confined to a set of (physical) resource blocks, where each resource block consists of L
 consecutive sub-carriers during one 0.5 ms sub frame, and where, for each sub-frame, a resource block is assigned for transmission to a single UE
. What set of resource block to use for transmission to a specific UE is (typically dynamically
) selected by the Node B, e.g. based on knowledge of the instantaneous downlink channel conditions (a.k.a. channel-dependent scheduling).  

Channel-dependent scheduling provides an efficient mean to combat frequency-selective fading on the radio channel by simply dynamically avoiding parts of the spectrum that are subject to momentary deep fades. However, in some cases channel-dependent scheduling is, for different reasons, not possible or not attractive:

· Data may be targeting more than one UE in which case there is not one single downlink channel on which to base the scheduling decision.

· The channel may vary so fast in time (high mobility) that accurate tracking of the instantaneous channel conditions is not possible

· The (downlink and/or uplink) signaling overhead associated with dynamic channel-dependent scheduling may be too “expensive”. This could e.g. be the case for small payloads such as for voice services. In such cases persistent scheduling [1] is preferred over dynamic scheduling.

If channel-dependent scheduling cannot be used, maximum exploitation of frequency diversity may be important in order to achieve the desired link performance. 
Frequency diversity can be achieved in case of localized transmission by simply transmitting on a set of resource blocks that are spread sufficiently far apart in the frequency domain see Figure 1. However, this obviously requires that the payload to be transmitted is sufficiently large to fill several resource blocks.
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Figure 1 Spreading of assigned resource blocks in the frequency domain to achieve frequency diversity

If the latency requirements so allows, frequency diversity can also be achieved by applying frequency hopping on a sub-frame basis in combination with Hybrid ARQ.

A third alternative, which is the alternative discussed in the remaining part of this paper, is to extend the transmission scheme with a mechanism where also relatively small payloads can be efficiently distributed over multiple physical resource blocks. In order to efficiently utilize the overall time/frequency resource it must then be possible to transmit data to multiple users within the same physical resource block. 

If support for such distributed transmission is needed as a complement to localized transmission, it should be introduced into the LTE downlink with minimum impact on the overall downlink transmission scheme and with minimum additional signaling. This paper outlines a straightforward scheme supporting a mix of localized and distributed shared-channel transmission fulfilling these requirements.

2.  The scheme

We define three types of resource blocks

· Physical resource blocks 
A physical resource block consists of L consecutive sub-carriers and M time/frequency symbols per sub-frame. It is assumed that there are a total of NRB  physical resource blocks per 0.5 s sub-frame. 

· Localized virtual resource blocks
Each localized virtual resource block also consists of M symbols. Furthermore, each localized virtual resource block is mapped one-to-one to the set of physical resource blocks assigned to localized transmission. The number of physical resource blocks assigned to localized transmission is thus equal to the number of localized virtual resource blocks (denoted NLRB).

· Distributed virtual resource blocks
Similar to localized virtual resource blocks, each distributed virtual resource block also consists of M symbols. Each of a total of NDRB = NRB - NLRB distributed virtual resource blocks are mapped to the remaining NDRB physical resource block (the physical resource blocks assigned to distributed transmission). However, in contrast to localized virtual resource blocks, this mapping is not one-to-one. Instead, each distributed virtual resource block is mapped to all NDRB physical resource blocks assigned for distributed transmission.

The mapping of a distributed virtual resource block to the NDRB physical resource blocks assigned for distributed transmission is as follows: 

· Each distributed virtual resource block is split into NDRB parts Pi,j of almost
 equal size, where i is the resource-block number and j is the part number 

· Pi,j (part j of distributed virtual resource block number i) is mapped to physical resource block (i+j) mod NDRB, see Figure 2
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Figure 2 Mapping of distributed virtual resource blocks to physical resource blocks. NRB = 10, NDRB  = 3.

The following simple rule is used to determine exactly what physical resource blocks are assigned for distributed transmission: 

Assume the NRB physical resource blocks are indexed 0, …, NRB –1. The indices of the NDRB physical resource blocks assigned for distributed transmission are then given by 
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Thus a UE only needs to know NDRB (the number of distributed virtual resource block) in order to know exactly what physical resource blocks are assigned for localized and distributed transmission respectively. It is assumed that NDRB is set up semi-statically by higher-layer signaling (either broadcast or dedicated signaling). The exact mapping of distributed resource blocks to physical resource blocks is then also given.

For signaling of dynamic scheduling information, there must be a way to identify each localized and distributed virtual resource block.

· For each localized virtual resource block, the resource-block identity is the same as the number of the physical resource block to which the localized virtual resource block is mapped to (1, 2, 3, 5, 6, 7, and 9 in Figure 2)

· For distributed virtual resource blocks the resource-block identity is the same as the number of the physical resource block to which the first part Pi,j of the distributed virtual resource block is mapped. Referring to Figure 2, the first distributed virtual resource block thus gets identity 0, the second resource block gets identity 4, and the third gets identity 8.  Note that these are exactly the numbers missing from the sequence of identities of the localized virtual resource blocks. Thus the localized and distributed resource blocks share the same “identity space” and the support for distributed transmission can be introduced without adding any additional dynamic signaling compared to what is anyway needed for localized transmission. 

It should be noted that, strictly speaking, nothing prevents different UEs from assuming (being signaled) different values of NDRB. That would simply imply that, for certain UEs, certain physical resource blocks are used for localized transmission while, for other UEs, the same physical resource blocks may be used for distributed transmission. The Node B dynamic scheduler must, in this case, ensure that collisions do not happen. 

3. Summary

We have outlined a simple and straightforward scheme to support a mix of localized and distributed shared-channel transmission for the LTE downlink radio access. If support also for distributed downlink transmissions should be included in E-UTRA, the need for which is not yet clear, it is proposed that the outlined scheme is adopted. A text proposal for TR25.814 is given in [2] 
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� Exact value of L is yet to be concluded on.


� or a set of UEs in case of broadcast/multicast


� In [1] we discuss the possible use of persistent (non-dynamic) scheduling as a complement to dynamic scheduling


� The first parts may consist of one more symbol than the last parts if the total number of symbols  in a resource block is not a multiple of the number of resource blocks NDRB
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