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Discussion and Decision
Introduction

The following discussions were proposed on the email reflector in an attempt to close out remaining issues for DL DVRB.
A. How to assign the Nd PRB-pairs to which a VRB-pair is mapped
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). 

In the UL, the 2nd slot location in the grant is 0-2 bits. On the DL, even considering Nd=3 operation, more than 2 bits may be unnecessary. 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 (discussed previously – larger allocations could achieve diversity through non-DVRB transmission) or, with the compact DL grant, using bits from extra fields in the UL grant that can be re-farmed for the DL grant.

1. How many bits should be allowed for dynamic DVRB assignment, in addition to the bits for the number of DVRB-pairs and location of an “anchor” (e.g., first) PRB-pair location? More than 2? 
Discussion: All responses indicated that we should have no additional signaling overhead compared to the non-DVRB assignment. Bits for DVRB assignment in addition to the number of DVRB-pairs and the location of a first PRB-pair location can come from constraining the number of DVRB-pairs or the first PRB-pair location, thereby not increasing the assignment size over the non-DVRB assignment. Some responses indicated that such a constraint is necessary and some did not (i.e., no bits are required beyond number of DVRB-pairs and the locations of the first PRB-pair location). There is also a split of opinion as to whether the number of DVRB-pairs to a user should be as small as 1-2 or much larger.
Proposal –
· There is no additional signaling overhead compared to the non-DVRB (localized) assignment.
· The DVRB-allocation includes a number of DVRB-pairs and an anchor (first) PRB-pair location

· Bits (if any) for DVRB assignment in addition to the number of DVRB-pairs and the location of a first PRB-pair location come from constraining the number of DVRB-pairs of location or the first PRB-pair location.
In meeting: continue to discuss possible and/or required constraint to e.g., the number of DVRB-pairs.

Some discussion also occurred on whether Nd=2 operation should achieve 2nd or 4th order diversity when 2 VRB-pairs are sent to a user. As an example, with 2nd order diversity the two DVRB-pairs could occupy the two band edge PRB-pairs, and with 4th order diversity each VRB-pair from the user could be mapped to two distinct and separated PRB-pairs, for four in all.  

2. For transmission of 2 DVRB-pairs with Nd=2, should the mapping achieve 4th order diversity, 2nd order diversity, or be configurable (dynamically signaled or based on bandwidth) to provide either 4th or 2nd order diversity? How are more than 2 DVRB-pairs handled? 
Discussion: Extra diversity order is desired for more than two DVRB-pairs, but we have to be concerned about creating ‘LVRB holes’ – resources on which, if there are no additional DVRB users, LVRB users cannot fill. The example picture below (from R1-080269) illustrates two ‘LVRB hole’ effects. First, seeking 4th order diversity leaves potential holes in PRB 1,2 and 17,18, whereas pairing the two DVRB-pairs and occupying just PRB 1 and 17 (2nd order diversity) does not leave a potential hole. This effect is observable with all assignment types, including the compact assignment. The second effect is observed when trying to efficiently multiplex localized users using a “normal” assignment based on resource block groups (RPGs), where it may be more efficient to keep a user’s allocation within a RPG when possible.
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Proposal – continue discussion in meeting.

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 (Nd=3 operation and Nd=2 operation with 4th order diversity). Constant offsets were also used on the uplink (e.g., signal to use an offset of N_RB/2, +F, or –F). For Nd=2 operation, a mirroring operation could also be used (though it may only achieve 2nd order diversity).

3. Should there be a constant offset (signaled or calculated) between the Nd PRB-pairs to which a VRB-pair is mapped? 
Discussion: All indicated that a constant gap/offset should be supported, either signaled or calculated. A signaled gap provides flexibility, especially useful for (if desired) prioritizing FS allocation, having DVRB users avoid undesired locations (e.g., middle 6 RBs in some subframes), or being able to keep the DVRB users in a subset of the band. A calculated gap can be based on system bandwidth, but should also take into account the RB group size to avoid “LVRB holes”. In addition, an even more flexible bitmap approach was suggested.
Based on the wide range of arguments, the following middle ground is suggested for harmonization. 
Proposal – 

· At least 2 signaled gap (offset) values are supported to provide flexibility in DVRB assignment.

· FFS if additional flexibility is needed, either by supporting more gap values or using a bitmap approach.

· The gap values are integer multiples of the RPG size for (at least) the non-compact assignment
4. Should mirroring be used for Nd=2 operation? 
Discussion: Mirroring may not be suitable given the ‘LVRB hole’ problem. No support was expressed for mirroring.

Proposal – Mirroring is not supported.

B.   Cell-Specific mapping for Nd=3

OFDM-symbol based hopping was agreed for Nd=3 in Shanghai, and in Jeju it was agreed that a cell-specific mapping for Nd=3 is specified (if we can agree on one mapping). Limited discussion on the exact mapping scheme and exact signaling have occurred offline, but agreement was not reached by 23/11. 

Four methods of cell-specific mapping were proposed for Jeju: ZTE (R1-074556), Nortel (R1-074638), NEC (R1-074724), and Huawei (R1-074750).

Harmonized proposal R1-075084 was created in Jeju by at least the cosourcing companies Huawei, Nortel, and ZTE. 

Comments expressed included a desire to not work on this until we resolve whether Nd=3 will be removed, and that if Nd=3 exists that a simpler scheme than R1-075084 is desired (e.g., need for Knuth shuffle not clear). A plot was provided that showed that the R1-075084 proposal provides in average 6 hits between any two RB mapping patterns in different cells, the same as Huawei's initial proposal, while the other two individual proposals (Nortel, ZTE) provide 10 to 12 hits in average. A simplest possible mapping was also suggested, with a base mapping (mapping #1 per Shanghai) and one other mapping, where the mapping would either be signaled (1 bit on D-BCH) or a function of cell ID. Since the base mapping cycles the PRB location one direction, the other mapping could cycle the other direction. 

So, can we agree to R1-075084?

Can we agree to one of the four individual proposals?

Can we agree to the “simplest possible mapping”?

Is there another proposal to consider?

Additional discussion – None

Proposal – Continue discussion in meeting.
C. Discussion of FFS if Nd=3 should be removed

There was not a consensus to remove Nd=3 in Shanghai or in Jeju. Progressing A and B (above) may help avoid reiterating the same arguments. 
Discussion – None

Proposal – Discuss in meeting after making progress on signaling.
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