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1. Introduction

We made a lot of progress in Athens on VRB transmission for the DL, agreeing to Nd=2 and Nd=3 (with semi-static selection). Open issues for the DL include (1) how to assign the Nd PRB-pairs a VRB-pair is mapped to, (2) which mapping to use for Nd=3, and (3) should we remove Nd=3. The contribution summarizes email reflector discussion on these open issues. 
2. How to assign the Nd PRB-pairs to which a VRB-pair is mapped

With VRB transmission, a diversity benefit is achieved by mapping a VRB-pair to multiple (Nd) physical PRB-pairs. The relationship between the Nd PRB pairs (e.g., how far they are separated) is not yet defined. The PRB-pairs could be assigned dynamically in the grant, or could be configured via a semi-static map dividing system RBs into “localized” or “distributed”. A dynamic assignment is more flexible for mixing VRB UEs with frequency-selective UEs, but care needs to be taken to keep overhead low. 

Required information to the UE includes:

· Number of DVRB-pairs to be transmitted 

· Locations of the Nd PRB-pairs 

· Mapping phase of the VRB allocation within the PRB-pairs (e.g., for Nd=2 which PRB-pair has the first slot and which has the second) 
Issue #1: What is the maximum number of VRB-pairs that need to be transmitted via the downlink VRB mechanism? There may not be a need to handle more than 1 VRB-pair with Nd=2 or 2 VRB-pairs with Nd=3, as larger number of VRB-pairs can achieve diversity from one of the “normal” RB assignment methods.

Reflector discussion summary:
It was agreed that there is a possibility to restrict the maximum number of VRB-pairs to be transmitted via DVRB transmission. It is not yet clear what can be gained from such a restriction. One possible benefit is to allow more RA bits within a dynamic assignment to be used for indicating the locations of the Nd PRB-pairs, which may provide more flexibility for dynamically multiplexing together frequency selective and diversity UEs. 
One possible maximum discussed was (Nd-1) DVRB-pairs. Taking Nd=2 as an example, if you have two DVRB-pairs, pairing them together for DVRB mapping or mapping via non-DVRB to two RBs would perform about the same. However, ensuring that the DVRB-pairs each went to different PRB-pairs may increase diversity, at the potential cost of wasted resources (vacant slots) if there are no other distributed users.

Proposal: Continue discussion in meeting based on detailed proposals.
Issue #2: Is a known gap between the Nd PRB-pairs sufficient? If so, what gap values and how many gap values are needed? Explicit indication of the address of all PRB-pairs beyond the starting PRB-pair may be too expensive, and it may be acceptable to signal a starting address and the gap between the PRB-pairs. More than one gap value might be needed to ensure adequate diversity and sufficient flexibility in multiplexing with frequency selective users or skipping e.g.,SCH region. Potential gap values to consider include at least fixed gaps (in RB) or gaps that depend on bandwidth. Gaps may also depend on Nd.

Note! Many recent papers have pictures or description of gaps, such R1-073687 (Fig 3, with gap=12/Nd, addresses of x, x+gap, and (for Nd=3) x+2*gap).
Reflector discussion summary:
It was mentioned that a flexible gap instead of a fixed can be used since there is room on the scheduling assignment, or that a known equation for finding the PRB can be used. Preference may depend on prioritization of diversity traffic versus frequency selective traffic.

Proposal: Continue discussion in meeting based on detailed proposals.
3. Which mapping to use for Nd=3
Two mappings were suggested on the reflector:
1. OFDM-symbol based hopping. [Panasonic, Huawei, Nortel, NTT DoCoMo, Philips, NEC] 
2. RE-pair based hopping. [Mitsubishi]

Samsung would be ok with #1 if Nd=3 retained.

In addition, Huawei, NEC, … see the benefit from a cell-specific mapping for interference randomization.

Proposal: Discuss mappings #1-2 and attempt to harmonize (mapping #1 has most support). Agree to principle of mapping #TBD, noting that this does not preclude the application of a cell-specific mapping.
The mappings are briefly summarized briefly in the Appendix.

4. Should we remove Nd=3?
YES, Nd=3 should be removed. – Qualcomm, Ericsson, Nokia

NO, Nd=3 should be retained – Panasonic, Huawei, Nortel, NTT DoCoMo, Philips, Mitsubishi, NEC, Alcatel-Lucent
MAYBE, depends on evidence (desire 1tx antenna gains of 0.4-0.5+ dB) – Samsung
Proposal: Can discuss simulation results, but it is clear there is currently no consensus to remove.
Results mentioned on the reflector:
· Qualcomm – adequate diversity with Nd=2 and >1 DVRB-pair, with < 1.3% difference for AMR 12.2kbps. Single VRB-pair allocations meaningful only for VoIP and narrowband codec (7.95kbps) (R1-073922).

· Nortel -- Nd=3 has performance gains over Nd=2 in the order of 0.3-0.7 dB in our simulations. 
· Panasonic - VoIP capacity 8-9% gain for Nd=3 is observed compared to Nd=2. Link level performance, Nd=3 has 0.5dB gain as shown in R1-073615(Athens). 

It was also noted that dedicated RS operation may be difficult with Nd=3. Nd=2 is more compatible.

APPENDIX – Nd=3 mapping proposals

Mapping #1 is summarized in R1-074419, and supported in R1-073963, R1-074229, R1-074253, R1-074418. OFDM symbol based hopping mapping allows for a similar implementation as for Nd=2, achieves sufficient time and frequency diversity, and can support cell specific mapping for intercell interference randomization if desired. 
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Figure 1 proposed mapping for Nd=3 (single OFDM symbol based hopping)
Mapping #2 is summarized in R1-074361. RE-pair based hopping is the same as OFDM symbol based hopping except that hopping is performed every two REs instead of every OFDM symbol, and provides additional randomisation in a non-synchronised network (see Fig. 3 in R1-074361).
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Figure 1: Mapping with constant shift of one DPRB, Nd = 3

(Only DVRB#0 is depicted, DVRB#1 and DVRB#2 are hidden)
The mapping of each distributed VRB#k is performed just as for a localised VRB, starting in the kth DPRB allocated to this DVRB and shifting to the next DPRB modulo 3 for each modulation symbol pair
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