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During the RAN1 ad-hoc in Helsinki and in subsequent e-mail discussions over the RAN1 reflector, the means of multiplexing localised and distributed users in the downlink was discussed in extensive detail. Although a text proposal was agreed in [6], further agreement is still required on the manner in which the multiplexing should be performed and them means of signalling resource allocations to users.
As a next step, this document proposes to conclude on the means of downlink physical channel mapping and multiplexing.
Following the Helsinki discussions, our view remains that it is best to frequency multiplex localised and distributed users by means of segmenting the bandwidth into equal size chunks and nominating the chunks as containing either localised or distributed resource. Distributed users are then allocated a fraction of each of the chunks allocated as “distributed”.
Simulation results indicating that there are no significant performance issues associated with such a mapping were shown in [3].  Furthermore, the suggested multiplexing scheme does not require users to have knowledge of one another’s allocations.
Thus we propose to adopt a block wise multiplexing of localised and distributed users as a working assumption.

In addition, we propose to fix the VRB size to be the same as the PRB size for both localised and distributed VRBs. This should allow for a more straightforward multiplexing and enable optimisation of the signalling overhead.
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7.1.1.2.1
Downlink data multiplexing

The channel-coded, interleaved, and data-modulated information [Layer 3 information] is mapped onto OFDM time/frequency symbols. The OFDM symbols can be organized into a number of physical resource blocks (PRB) consisting of a number (M) of consecutive sub-carriers for a number (N) of consecutive OFDM symbols. The granularity of the resource allocation should be able to be matched to the expected minimum payload. It also needs to take channel adaptation in the frequency domain into account. The size of the baseline physical resource block, SPRB, is equal to MxN, where M=25 and N is equal to the number of OFDM symbols in a subframe (the presence of reference symbols or control information is ignored here to simplify the description). This results in the segmentation of the transmit bandwidth shown in Table 7.1.1.2.1-1.

Table 7.1.1.2.1-1 Physical resource block bandwidth and number of physical resource blocks dependent on bandwidth.
	Bandwidth (MHz)
	1.25
	2.5
	5.0
	10.0
	15.0
	20.0

	Physical resource block bandwidth (kHz)
	375
	375
	375
	375
	375
	375

	Number of available physical resource blocks
	3
	6
	12
	24
	36
	48


Using other values such as, e.g. M=15 or M=12 or M=10 or M equal to other values can be considered based on the outcome of the interference coordination study.
The frequency and time allocations to map information for a certain UE to resource blocks is determined by the Node B scheduler and may e.g. depend on the frequency-selective CQI (channel-quality indication) reported by the UE to the Node B, see Section 7.1.2.1 (time/frequency-domain channel-dependent scheduling). The channel-coding rate and the modulation scheme (possibly different for different resource blocks) are also determined by the Node B scheduler and may also depend on the reported CQI (time/frequency-domain link adaptation). 

Both block-wise transmission (localized) and transmission on non-consecutive (scattered, distributed) sub-carriers are also to be supported as a means to maximize frequency diversity. To describe this, the notion of a virtual resource block (VRB) is introduced. A virtual resource block has the following attributes:

· Size, measured in terms of time-frequency resource.

· Type, which can be either ‘localized’ or ‘distributed’.
All VRBs are of the same size SY, which is equal to SPRB.

The multiplexing of localized and distributed transmissions within one subframe is accomplished by FDM.
Distributed VRBs are mapped by means of nominating a set of PRBs to contain distributed data. Each distributed VRB is assigned a subset of the carriers in each of the PRBs nominated for distributed transmissions, as depicted in the example of figure x.x.  Note that the subset of tones used for distributed transmissions within such a PRB may be distributed across the PRB in time/frequency.
Localised VRBs are mapped on a one to one basis onto PRBs that have not been nominated for distributed transmissions.
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Figure x.x Localised and distributed resource multiplexing. In this example, every second PRB is allocated for distributed users. There are three distributed VRBs marked in yellow, blue and green respectively. Note that for clarity, “distributed”  PRBs appear to allocate consecutive tones to each user; in reality the tones can be distributed within a PRB. Red is used to mark PRBs that have been allocated to localised VRBs.
As a result of mapping VRBs to PRBs, the transmit bandwidth is structured into a combination of localized and distributed transmissions. Whether this structuring is allowed to vary in a semi-static or dynamic (i.e. per subframe) way is FFS. The UE can be assigned multiple VRBs by the scheduler. The information required by the UE to correctly identify its resource allocation must be made available to the UE by the scheduler. The number of signalling bits required to support the multiplexing of localized and distributed transmissions should be optimized.
Details of the multiplexing of lower-layer control signaling is currently TBD but may be based on time, frequency, and/or code multiplexing.
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