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1. Introduction

It has been agreed [1] to support “DVRB” distributed transmissions, where

•A PRB-pair (e.g., 12 subcarriers by 14 OFDM symbols for short CP) only contains data for either localized or distributed transmission.

•The size of a distributed virtual resource block pair (DVRB-pair) equals a physical resource block pair (PRB-pair).

•DVRB-pairs for a user are distributed over 2 or more PRB-pairs.

•The number of PRB-pairs each DVRB-pair is distributed over ranges from 2 to the total number of distributed PRB-pairs (N_DPRB), Nd is the number of PRB-pairs a DVRB-pair is mapped onto, unless N_DPRB < Nd, etc.

This contribution discusses some of the key remaining issues for DVRB transmission, and presents performance results supporting proposed decisions. 
Proposal

· Nd=3
· Nd=2 for system BW <= 8 RBs.
· A simple TDM or FDM mapping function is used
· Dynamic signaling is used for DVRB transmission

· [conditioned on it fitting as an allocation option within a “normal” DL grant]

2. Value of Nd and Mapping Function
Details of a 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.  
· Nd=2 is not sufficient. Each DVRB should be distributed over Nd=3.  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, for small system bandwidths allocating a minimum of 3 PRB-pair for distributed transmission may be excessive; in this case, Nd=2 should be used. 
· Nd=N_DPRB need not be used. As discussed prior to RAN1#19bis, Nd=N_DPRB may have difficulties (a) handling very large N_DPRB values without special rules, (b) handling semi-persistent users grant load when N_DPRB changes, and (c) providing the benefits of dynamically adjusting the split of distributed and localized users.

· A simple TDM or FDM mapping should be used. Simulation results show that a simple mapping is sufficient to get excellent performance. Annex A shows a DVRB is distributed to PRB in a round-robin TDM fashion performs almost identically to a random mapping. 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] In either case, SFBC is supported through assigning pairs of resource elements.  
3. Dynamic Signaling
While some “dynamic” information is always required for the DL grant allocation, some information (such as a partition of system RBs into “distributed” or localized”) could be sent semi-statically. However, several proposals also indicate that all information could be sent via the DL grant allocation (or known implicitly), thereby avoiding additional semi-static configuration. This would also provide an advantage of allowing dynamic partitioning between RBs assigned to localized and distributed transmission on a frame-frame basis. As long as Nd is small (e.g., Nd=2 or 3) repartitioning could have a minimal effect on semi-persistent users. Therefore, the primary concern is whether it is possible to include the necessary information within the DL grant allocation.
Purely “dynamic” handling of the DVRB transmission requires a number of pieces of information to be transmitted or known a priori:

· 1 bit to indicate DVRB transmission
· Number of DVRB-pairs to be transmitted

· 
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 bits to indicate a starting RB location in frequency for the DVRB allocation. 

· Locations of the PRB-pairs that the DVRB-pairs are to be mapped

· Mapping phase of the VRB allocation within the PRB-pairs (i.e., if two VRB-pairs from different users share two PRBs, one will have a first phase and one will have a second phase)
With some assumptions, dynamic handling of DVRB may be handled as an allocation option within the “normal” DL grant (e.g., [4] Table 1):

· DVRB transmission indicated with 1 state (e.g., 00) within the Bitmap Addressing Table

· The number of DVRB-pairs is either 1 or 2. Larger assignments are assumed to be able to get adequate diversity from an RB-based allocation using other Bitmap Addressing Table states. 
· 
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 bits to indicate a starting RB location in frequency for the DVRB allocation. 

· Locations of the PRB-pairs that the DVRB-pairs are to be mapped

1. The number of PRB-pairs Nd is known, based on bandwidth (e.g., Nd=3 for 9 or more RBs system BW, Nd=2 for 8 or fewer). If 2 DVRB-pairs are transmitted, they share the same Nd PRB-pairs.
2. The gap between the Nd PRB-pairs is selected from one of a few options. More than one option allows flexibility in scheduling localized users, skipping center RBs in certain subframes, etc., while still offering excellent diversity. Possible gaps include fixed gaps (e.g., 3 or 6 RBs) or gaps that scale with BW (e.g., 
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). For Nd=3, locations are x, x+gap modulo NRB , x+2*gap modulo NRB.

· The number of mapping phases will depend on the number of DVRB-pairs (1 or 2) and the Nd value. For Nd=2, there are two possibilities (1 DVRB-pair, phase 0 or 1). For Nd=3, there are five possibilities: 1 DVRB-pair phase 0,1,2, 2 DVRB-pairs phase 0&1 or 1&2. (Optimizations such as learning phase information from the starting RB location are FFS.)

An example of DVRB assignment is given in the table below, where the number of DVRB-pairs, the mapping phase, and the gap are jointly coded. The number of bits required is comparable for the lower bandwidths, and significantly less for the higher bandwidths. Additional savings may be evident by including the starting PRB-pair into the joint coding, and further restricting the number of allowed gaps for e.g., the 3MHz case. Note that within the example to reduce bits, the smallest bandwidth entry only allows Nd=2, one DVRB-pair, and one gap (e.g., 3) for DVRB assignments.
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1.4 6 2 1 3 2 1 1 5

3 15 3 2 4 5 3 4 10

5 25 3 2 5 5 3 4 11

10 50 3 2 6 5 3 4 12

15 75 3 2 7 5 3 4 13

20 100 3 2 7 5 3 4 13


This example shows that fully dynamic DVRB assignment, using the same general procedure as for non-DVRB allocations, may be feasible. Such an assignment should be possible for at least the larger grant sizes, and may be possible for smaller grant sizes for the larger bandwidths. It is FFS to consider whether the other Bitmap Addressing Table entries provide enough diversity gain for larger RB-based distributed transmissions, or whether an additional table entry need be defined.
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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.
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														*PMI PUCCH assignment indicates how 1-bit field is used														BW (MHz)		#RBs in carrier (NRB)		ND		Table Size (bits)		Starting PRB-pair (bits)		DVRB-pair & phase (configs)		#gaps		Joint DVRB/ phase/ gap (bits)		Total RA bits (NRAMAP)

																												1.4		6		2		1		3		2		1		1		5

																												3		15		3		2		4		5		3		4		10

																												5		25		3		2		5		5		3		4		11

																												10		50		3		2		6		5		3		4		12

																												15		75		3		2		7		5		3		4		13

																												20		100		3		2		7		5		3		4		13
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