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Discussion and Decision
1. Introduction

Most of the discussion during the RAN1#50bis meeting focused on the FFS of whether we should remove Nd=3. While it was clear that there was not consensus to remove Nd=3, it was also not clear that the FFS is resolved. In addition, we need to make progress on how Nd=2 and Nd=3 operation are supported, namely how to assign the Nd PRB-pairs to which a VRB-pair is mapped. Finally, for Nd=3 operation we need to discuss cell-specific mapping. To move forward on these issues, the questions and proposals below were posed to the email reflector.

2. How to assign the Nd PRB-pairs to which a VRB-pair is mapped
The PRB-pairs could be assigned dynamically, 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) 

Previous discussions touched on the possibility to limit the number of VRB-pairs from a user that need to be handled by the mapping, and the possibility to include all information for DVRB scheduling in the downlink assignment. On the UL, one 1 bit in the grant was agreed to indicate frequency selective scheduling or not.

1. Can we agree to 1 bit (or state) in the DL assignment to indicate DVRB transmission? 
Yes – Huawei, ZTE, Mitsubishi, Panasonic, Nokia, NSN, Qualcomm, Nortel, Motorola, Philips
No -- <none>
Proposal – 1 bit (or state) in the DL assignment indicates DVRB transmission. FFS if DVRB transmission is only supported in certain DL assignment formats.
2. Can we agree that a DL assignment will contain all information required for DVRB transmission? 
If ‘no’, please explain what e.g. semi-static information needs to be available and why. Note: for persistent UEs the first transmission will have predefined resources. 

Note that Nd is signaled and that DVRB transmission can also use known information from specification, such as system bandwidth and equation for spacing between PRB-pairs. For example, the default spacing between PRBs used for a DVRB could be a fixed function of system bandwidth.
Yes – Huawei, Mitsubishi, Panasonic, Nokia, NSN, Qualcomm, Motorola, Philips
No – Nortel (semi-static signal number and location of the PRB dedicated to DVRB transmission)

Proposal – Dynamic DVRB transmission derived from DL assignment and known information. No semi-static information (except for Nd).
Companies should also feel free to provide a couple line explanation or figure (please don’t only cite contribution) on how the required information is transmitted in order to promote harmonization of concepts into a jointly sourced ‘way forward’. 
Proposal – Companies are encouraged to harmonize similar concepts into a single joint proposal.

3. Cell-Specific mapping for Nd=3
OFDM-symbol based hopping was agreed for Nd=3 in Shanghai. The application of a cell-specific mapping is not precluded. 

1. Should a cell-specific mapping for Nd=3 be specified? 
Yes – Huawei, ZTE, NEC, Nortel
No -- Panasonic
Proposal – A cell-specific mapping for Nd=3 is specified.

2. If a cell-specific mapping is specified for Nd=3, what mapping should be used?  
Simple explanation or figure preferred (please don’t only cite contribution) 
Proposals received from Huawei, ZTE, NEC, and Nortel (summarized below). No discussion or harmonization between proposals occurred. 

Proposal – Discuss and harmonize at meeting.

Huawei – Hopping sequences. A simple and efficient mapping is described by symbol-based PRB hopping sequences with the following characteristics: The three VRB pairs mapped on the same set of three PRB pairs are cyclic frequency shifts of each other, thus guaranteeing orthogonality between the mapped VRB pairs. Hopping sequences are cell- and sub-frame specific, obtained by cell- and sub-frame specific time shifts of one generic sequence, providing inter-cell interference randomization.

ZTE -- An efficient OFDM symbol-based mapping scheme is proposed in our contribution R1-074556. Two cell-specific shifts of one common sequence composed of the indexes of all the possible OFDM symbols for distributed transmission within one DPRB-pair are calculated. The OFDM symbol index allocation sequence for Nd DVRB-pairs multiplexing within the given DPRB-pair is generated by an iterative algorithm between two cyclic shift sequences.
NEC -- Cell-specific mapping with using cell-specific fixed value is applied to OFDM symbol based hopping. The feature of our proposal is following,

· to decrease the probability of overlapping mapping patterns in multi-cell environment, in the case when the number of OFDM symbols for PDCCH is 1 and 2, the last one or two sub-blocks include 2 OFDM symbols for data symbol of each PRB-pair, and the other sub-blocks include 1 OFDM symbol for data symbol of each PRB-pair.

· shifting the position of sub-block which VRB-pairs are mapped with cell-specific fixed value.

· cell-specific fixed values are calculated with cell-ID without additional signaling overhead.

Details are described in R1-074724.
Nortel – One simple way is to introduce a cell specific permutation of some base pattern.  

For example

 The ‘base’ assignment assigns D-VRB 1 to OFDM symbols 1, 4, 7, etc in the first PRB, OFDM symbols 2, 5, 8 etc in the second partition and OFDM symbols 3, 6,9 etc in the third partition.  This assignment is permuted along the OFDM symbols by a cell specific permutation P.  Thus D-VRB 1 is assigned to OFDM symbols P(1), P(4), P(7), etc in the first PRB, OFDM symbols P(2), P(5), P(8) etc in the second partition and OFDM symbols P(3), P(6), P(9) etc in the third partition.  

This permutation can be derived from the cell ID using the following formula (written in MATLAB code) based on the knuth shuffle.  Given two variables N the number of OFDM symbols not used for Control, and C​id the cell ID, the elements are chosen as follows. 

P=1:N;

for j=1:N

    k=mod(Cid,N+1-j)+1;

    tmp=P( j );

    P( j )=P(k+j-1);

    P( k +j-1)=tmp;

end

4. Discussion of FFS if Nd=3 should be removed
There was not a consensus to remove Nd=3. However, it is not clear that the FFS is resolved. Are there any new simulation results or arguments that need to be considered? Has there been any offline resolution of differences in simulation results provided in Shanghai?

It was commented that it is crystal clear we are far from consensus, with the implication that the FFS should be resolved. 
Mr. Chairman may have made a request in the meeting for Panasonic and Qualcomm to attempt to resolve potential simulation differences.
· Panasonic has additional simulation results (R1-075011) showing that the gain of Nd=3 highly depends on the BLER operation point. With a realistic range of the initial BLER (e.g. 20-35%), Nd=3 shows >8% gain compared to Nd=2.
· Qualcomm has additional simulation results (R1-074966) showing VoIP capacity simulations for 7.95kbps, 12.2kbps for 50ms and 100ms delay budgets. The simulations have negligible performance differences, and do not justifying a second DL VRB to PRB mapping mode.

· Nokia shows (R1-074884) for VoIP that Nd=3 has only limited gain over Nd=2 and is not needed. 

No previous supporters of Nd=3 or removing Nd=3 appear to have changed positions.

Proposal – Discuss new results in the meeting.
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