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1. Introduction

In RAN#49, the following agreements were reached regarding distributed transmission for the PDSCH - 

· A PRB only contains data for either localised or distributed transmission.

· The size of a distributed virtual resource block (DVRB) equals a physical resource block (PRB).
· DVRBs for a user are distributed over 2 or more PRBs.

In addition, a way forward was proposed and agreed to as the basis for discussion [1]. This contribution presents key points from the proposal provided in [2] together with performance results. 

2. Distributed Mapping Rules
Details of the proposed mapping rules have been presented in RAN1#49 and may be found in [2].  An illustrative example of the mapping rules is found in Annex A.  The key points of the proposal are summarized as follows –

· Nd=2 is not sufficient. Each DVRB should be distributed over Nd=3 or Nd=N_DPRB.  Analysis shows additional frequency diversity gain of 0.2-0.5 dB is possible when each DVRB is distributed over 3 instead of 2 PRBs (see Figure 2 - Figure 5 for performance results).  This is true even when H-ARQ is considered, although the gain diminishes as the number of transmissions increase.  Beyond Nd=3, however, additional frequency diversity gain is minimal.  However, greater control over the size of the distributed transmission region is possible with Nd=N_DPRB.  Otherwise the region must be assigned in multiple of Nd=3 PRBs.  
· SFBC is supported through assigning pairs of resource elements.   Similar to the mini-CE concept proposed in [3] for the control channel, resource elements are paired up to form a basic unit of assignment from DVRB to PRB.  Note that this pairing does not restrict the manner in which DVRBs are mapped to PRBs (e.g. FDM or TDM) nor the number of PRBs that one DVRB may be mapped to.  An illustrative example of the pairing is shown in Figure 1 of Annex A.
· DVRB is distributed to PRB in a round-robin TDM fashion.   The modulation symbol pairs from the DVRB are mapped to a PRB in a round-robin TDM manner. An illustrative example of the pairing is shown in Figure 1.  In Figure 6, performance using random mapping is shown in comparison to TDM mapping.  From the figure, it is seen that the two methods provide almost identical performance results.  Therefore, TDM mapping is preferred to a random (or more complex) mapping due to its simplicity. Alternatively, a simple FDM mapping may be used where Nd=3, with four subcarriers of a VRB allocated to each PRB.[2]
· N_DPRB is a semi-static parameter.  To reduce signalling overhead, N_DPRB should be signaled in a semi-static manner.  For example, N_DPRB may be part of the system information transmitted on the BCH.  For UEs that are persistently assigned, explicit higher-layer signalling may be needed to inform the UEs of a change in N_DPRB.  To provide additional flexibility, N_DPRB could vary in a predetermined manner based the subframe number. If Nd=3, N_DPRB may have to be allocated in steps of 3 PRB. In this case, sets of 3 PRB can be dynamically reclaimed, without signaling a new N_DPRB, by simply scheduling localized users to those PRB.
· Static mapping between N_DPRB and the PRBs assigned for distributed transmission.  A fixed mapping using a look-up table or predefined formula is used to determine which PRBs are assigned for distribution transmission once N_DPRB is known. A fixed mapping can both guarantee good frequency diversity for the distributed allocations and reduce signaling overhead.  An example is provided in [2] where a skip factor calculated using N_DPRB is used to generate the fixed mapping.  This mapping guarantees good frequency diversity by adequately spacing distributed PRBs. Note that the mapping may be cell-specific mapping to provide some interference randomization.
· Distributed transmission region spanning BCH/SCH is punctured.  For distributed transmission that spans the center region used by the BCH/SCH, puncturing is performed when BCH/SCH transmission is active (subframes #0 and #5).  The scheduler may make adjustments by reducing the size of the transport blocks assigned to those PRBs accordingly.
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Annex A:  Mapping Rules for Distributed and Localized Allocations - Example 
Figure 1 provides an illustrative example of how distributed mapping may be performed.  In this case, Nd = N_DPRB where N_DPRB = 5 is shown.  Note that the mapping for a fixed Nd (2 or 3) is identical.  The basic concept behind the mapping can be described as follows - 
· Modulation symbols from the DVRB are paired.

· Each pair is mapped column-wise in a TDM manner onto a matrix of size N_DPRB by K where K is the number of groups per resource block.

· Each DVRB is read from the matrix row-wise and mapped to a PRB.
· The mapping to the PRB is based on a pair of adjacent resource elements.
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Figure 1.  Example of distributed transmission mapping (N_DPRB = 5).
Table 1 - Simulation parameters.

	Parameter
	Assumption

	Carrier Bandwidth
	5 MHz

	TTI Duration
	1 ms

	FFT size
	512

	Resource Block BW
	180 kHz (12 sub-carriers)

	No of Resource Blocks
	25

	Control & Pilot Overhead
	2 OFDM symbols

	Propagation channels
	TU (3 & 120 km/h)

	Channel estimator
	Frequency: DFT with Bayesian threshold
Time: Linear interpolation within sub-frame

	Modulation
	QPSK, 16-QAM

	Turbo Code Rate
	R=1/2

	H-ARQ
	IR, circular buffer rate matching

	# of TX antennas
	2 – SFBC

	# of RX antennas
	2
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Figure 2.  Performance of downlink localized and distributed transmissions, QPSK R=1/2, TU 3 km/h, SFBC 2Tx-2Rx Ants.
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Figure 3.  Performance of downlink localized and distributed transmissions, QPSK R=1/2, TU 120 km/h, SFBC 2Tx-2Rx Ants.
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Figure 4.  Performance of downlink localized and distributed transmissions, 16-QAM R=1/2, TU 3 km/h, SFBC 2Tx-2Rx Ants..
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Figure 5.  Performance of downlink localized and distributed transmissions, 16-QAM R=1/2, TU 120 km/h, SFBC 2Tx-2Rx Ants.
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Figure 6.  Performance of downlink localized and distributed transmissions, QPSK R=1/2, TU 3 km/h, SFBC 2Tx-2Rx Ants.




























































































































































































































































