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1 Introduction

LS R2-063557 asks RAN1 for information on the relative efficiency on average for the following radio configurations (when referring to a single cell):

Technique 1:
Normal PTP Radio Bearer (for one UE)

Technique 2: 
SFN soft combining
Technique 3:
Single cell PTM – No Interference Co-ordination of neighbour cells
Technique 4:
Single cell PTM – UE providing Uplink ACK/NACK feedback 

Technique 5:
Single cell PTM – Interference reduction by not transmitting on neighbour cells
This contribution provides some of the requested information, except for Technique 5.
2 Simulation Models
The following transmission schemes are simulated:

· Multi-cell (MC): SFN, no feedback from UE

· Single cell 'ptm-RA-ReTx': ptm, no adaptation; no ReTx

· Single cell 'ptm-RA+NR': ptm, no group specific rate adaptation, with ReTx

· Single cell 'ptm+RA+NR': ptm, with group specific rate adaptation, with ReTx
· Single cell 'ptp+RA+NR', with rate adaptation and ReTx
There is one user group per cell for the considered MBMS service. For all transmission schemes, results are shown based on the 95% users having highest fast fading averaged CINR.

For the single cell scenarios with retransmissions, the following simulation approach is used:
· 10 RBs per TTI with independent fading per RB and TTI
· map CINR per RB to cut-off rate ‎[2]
· R(m,i): sum of cut-off rates over the 10RB of user m in TTI i
· Incremental Redundancy Hybrid ARQ model:

· TB received successfully if:
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· NR: max number of retransmissions 

· RT: target rate
· stop retransmitting once all users in the group have received the TB correctly or after NR retransmissions. Denote the number of retransmissions occurred by nR.

· set rate R(m,b) for user m and TB b to zero if TB not successfully received after NR retransmission and set the rate of the user that have succesfully received the TB to RT/nR.
The setting of RT is different for the transmission schemes:

ptm+RA+NR: Set RT separately for each group to achieve BLER=1% for the worst user in the group.
· ptm-RA+NR: Determine the mean rate per user over all TTI. Set RT to the 95% percentile of the mean per user rates. This is a heuristic approach and does not guarantee any particular BLER criterion.
ptp+RA+NR: Set RT separately for each user to achieve BLER=1% per user.
The spectral efficiency is calculated as the mean of the R(m,b) over all groups (or users, in the case of ptp) m and transport blocks b. In the ptp transmission scheme the spectral efficiency is finally divided by the number of users in the group, because each user requires dedicated radio resources.
Further simulation assumptions are:
· sector cells; cell radius 500m (ISD 866m); no building penetration loss
· SISO
· full load -> for ptp and single cell ptm other cells cause max possible interference

· long CP for multi-cell transmission schemes, short CP for single cell transmission schemes

· no other overhead considered 

· no macro mobility 

It is important to note that channel dependent scheduling is not considered. At least for ptp it could be considered and would lead to better spectral efficiency. Furthermore, single transmit and receive antenna has been assumed, i.e. MIMO gains achievable for ptp and possibly in ptm schemes with feedback are not considered. 

3 Results

First, results for deterministic user group size N are shown in Figure 1, i.e. each cell has N users. For the schemes using HARQ, results are shown for 2 and 8 retransmissions.

The spectral efficiency for the ptp transmission scheme decreases more strongly with increasing number of user than the ptm schemes with retransmissions. For increasing number of users, these ptm schemes approch the spectral efficiency of the ptm scheme without retransmission, because the probability that the worst user CINR in a group is close to the 95% overall CINR increases. 
The synchonised multi cell transmission scheme achieves a spectral efficiency of 3.5b/s/Hz (not shown) if a virtually unlimited number of cells participate in the transmission. In this case, the multi cell transmission scheme is more efficient than any other scheme already from 1 user per group.

The spectral efficiency of multi-cell transmission decreases substantially if the number of participating cells is limited. Even for 120 cells the spectral efficiency is decreased to 0.9b/s/Hz, when calculated as the average of all 120 cells. It is interesting to note that this spectral efficiency is achieved for the short CP and the spectral efficiency for the long CP is only 0.62b/s/Hz. The reason is that the majority of cells that are close to the border of the SFN area loose more with the long CP than the center cells can gain.
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Figure 1: Spectral efficiency for deterministic number of users per cell
Figure 2 shows results for the case of Poisson distributed number of users per cell. The reason for the difference in the transmission scheme that are aware of the presence/absence of users to Figure 1 is that for a small average number of users there are cells that do not have any user and therefore can reuse the radio resource for other services. Here it has been assumed that the resource is reused for another MBMS service. Hence, the spectral efficiency shown for these transmission schemes is the spectral efficiency obtained from the simulation, divided by the probability of having at least 1 user in a cell.

For the case 'ptm-RA-ReTx' it is assumed there is no knowledge if a particular cell does not have any users and therefore all cells always transmit the considered MBMS service.

It can be seen that the ptp and ptm with feedback transmission schemes converge for decreasing average number of users per cell. These schemes are more efficient than multi cell transmission scheme if there are less than 0.3-0.4 users per cell on average.
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Figure 2: Spectral efficiency for Poisson distributed number of users per cell

Based on Figure 2, Figure 3 shows for the case of maximum 8 retransmissions the spectral efficiency gain of the ptm scheme compared to the ptp scheme and compared to the ptm scheme without rate adaptation and retransmissions. For 6 users on average a maximum gain of about 80% is attained.
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Figure 3: Spectral efficiency gain of ptm+RA+NR=8 scheme for Poisson distributed number of users per cell

4 Discussion

For the investigated transmission schemes and traffic scenarios, the ptm mode with rate adaption and retransmission is more efficient than the virtually unlimited multi-cell transmission scheme only for less than 0.4 users per cell on average. For this small load, this ptm mode with feedback is only slightly more efficient than ptp. However, further aspects should be considered: 

· Some opportunities when feedback is available have not been exploited, e.g. channel dependent scheduling and MIMO.

· The ptm schemes have not used any kind of intercell interference coordination. With coordination, the efficiency should be increased and may make single cell ptm outperform the multi cell mode over a wider traffic load range. 

· As an intermediate mode between single cell and multi cell, a mode can be conceived where the neighbor cell of a cell that has users of the considered service also transmit the service, synchronised and on the same resouces as in the serving cells. All cells may use the short CP for this service, as multi-cell transmission over larger distances is not desired here. 

· Homogenous user distribution has been assumed. This naturally favors the multi-cell mode. However, MBMS can also be attractive for localised services, e.g. in a sports arena, shopping mall or airports. In such hotspot scenarios multi-cell transmission over an area much larger than the hot spot would certainly not be efficient. In this case, the single cell modes would have to be compared to a multi cell mode comprising only a few cells, achieving correspondingly lower performance.
5 Summary

This contribution compares the spectral efficiencies of different ptp and ptm single and multi cell transmission schemes. The single cell ptm schemes have been investigated with and without user group specific rate adaptation and HARQ based on UE feedback. None of the schemes exploit MIMO or channel dependent scheduling, although this would be possible for the schemes using UE feedback. In the considered scenario with homogeous user distribution, the multi cell transmission scheme over virtually unlimited number of cells is the best choice even for only 0.3-0.4 users per cell on average. 

For localised MBMS services, where users are concentrated in a few cells, the multi cell transmission scheme has worse performance. A single cell ptm scheme with rate adaptation and retransmission can have higher spectral efficiency than a ptp scheme if there is more than 1user per cell and higher spectral efficiency than a ptm scheme without feedback if there are not too many users per cell. A maximum of 80% better spectral efficiency than a ptp scheme or ptm scheme without feedback can be achieved. This maximum is attained at about 6 users per cell.

We propose E‑UTRA should support ptm schemes using feedback from UEs for localised MBMS service scenarios of up to about 10 UEs per cell. Such ptm schemes with feedback could be realised based on the DL-SCH. The complexity and UE power consumption implications should be further explored.
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