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1. Introduction

It was agreed in RAN1#51 Jeju that 1 bit (or state) in the DL assignment indicates DVRB transmission, and that dynamic DVRB transmission is derived from DL assignment and known information (no semi-static information except for Nd). 

This contribution discusses some possibilities for dynamic DVRB signaling, for both Nd=2 and Nd=3 operation, and considering both “normal” and “compact” (reusing UL format) assignments. 

2. Discussion
How to assign the Nd PRB-pairs to which a VRB-pair is mapped needs to be defined. Some recent decisions/discussions to consider:

· The UL hopping operation based on the grant was defined. Similar operation could be defined in the downlink. In the UL
· The 2nd slot location in the grant is 0-2 bits. 

· Constant offsets are defined (e.g., signal to use an offset of N_RB/2, +F, or –F). 

· Mirroring is also defined, and could be considered for Nd=2 operation

· The downlink “compact grant” for both localized and DVRB transmission signals VRBs (starting and contiguous number) in a manner similar to the uplink grant. This could also be considered for the “normal” assignment. However, the meaning of being consecutive in the “virtual domain” and the overall size/relationship of the virtual domain to the physical domain needs to be defined for both assignment types. As all information is provided in the assignment no information about or concerning other users is necessary.
· The number of bits for signaling may be reduced by limiting the number of VRB-pairs from a user that need to be handled by the mapping (discussed previously – larger allocations could achieve diversity through non-DVRB transmission, and many distributed users may be smaller VoIP users)
· Transmitting a DVRB-pair on part of three PRB-pairs achieves the bulk of available diversity, and Nd=2 or 3 operation could be based on bandwidth (i.e., Nd=3 for > 8 RBs).[R1-080089]
· If more than one DVRB-pairs are transmitted, they could share the same PRB-pairs without significant degradation.

In addition,

· Are both assignment sizes needed? Could the “compact” assignment always be used for distributed transmission? In terms of #required bits and fitting on the “compact” assignment this may be possible as bits may be available on an assignment through limiting the number of VRB-pairs from a user that need to be handled by the mapping or by using bits from extra fields in the UL grant that can be re-farmed for the DL grant. Larger allocations can use the contiguous DL assignment available with the “compact” assignment.

· Mirroring operation. Starting VRB location i = starting (1st slot) PRB-pair location, from 0 to N_RB-1. If the 1st slot is PRB-pair i, then the 2nd slot is simply (N_RB-1)-i. It is possible to assign any PRBs for DVRB operation (not just band edges) – UE does not need to know about any other UEs. 

· Gap values. Similar to UL, it is likely that there will be a constant offset (signaled or calculated) between the Nd PRB-pairs to which a VRB-pair is mapped. The gap between the Nd PRB-pairs may be selected from one of a few options. More than one option allows flexibility in scheduling localized users, skipping center RBs in certain subframes, isolating DVRB operation in a portion of the band, 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. For Nd=2, two bits can signal +gap1, -gap1, +gap2, -gap2 (phasing information included).  
· Mapping phase information could be tied to PRB or VRB pair number or explicit, etc. (Mapping phase is 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)).

3. Proposal
	Bandwidth
	Nd
	Mapping
	Max DVRB-pairs to a UE

	6-11 RBs
	2
	Mirror
	N_RB

	12+ RBs
	3
	Gap
	Reduced (amount FFS)


· The DVRB operation is performed exclusively on the “compact” assignment
· Mapping information (including gap, phase, etc.) could be jointly coded. (FFS)
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