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1 Introduction

At RAN#66, a new RAN2 study item on “Support of single-cell point-to-multipoint transmission in LTE” was agreed [1]. The focus of the study is to investigate technical solutions for single-cell point-to-multipoint (SC-PTM) transmission in E-UTRAN and evaluate the gains and feasibility of the solutions. One major objective of the SI is improved radio resource efficiency.
2 Radio resource efficiency
2.1 General discussion
In the study item description, the current mechanisms for MBMS are described as non-optimised for dynamically changing number of groups, which are localised and have dynamically changing traffic load. There are situations when pre-assigned resources for critical services may remain unused. The SI should thus study and evaluate the gain in resource efficiency for solutions in relevant scenarios considering defined performance requirements and by comparing to existing functionality such as unicast and eMBMS in MBSFN mode.
SI lists some potential drawbacks with current MBSFN mode:
· Subframe granularity: if eMBMS data does not fill the whole subframe, no frequency multiplexing with unicast is possible due to the different subframe structure in the data region. MBSFN subframes have a longer OFDM symbol duration and CP duration.
· If the MBSFN area is small or only consists of one cell, the use of the extended CP is not needed. The longer CP of MBSFN mode implies a lower code rate for a given MCS, or, conversely, in order to achieve the same desired BLEP for a given SINR a lower MCS has to be used, so that less data can be transmitted per subframe.
· If there are no data transmissions the overhead for pre-configured eMBMS bearers with no data transmission can be up to 2.5 % of the total subframes if the delay-acceptable MSP of 40 ms that has been introduced for GCSE Rel-12, is used
The following aspects should be taken into account in the discussion of SC-PTM:

· Without link adaptation the MCS configuration must be chosen for cell edge UEs

· The switching point is expected to be around 5 users per cell according to [2] for 95 % coverage and 1 % BLER
· The use of MIMO is questionable if the transmission mode has to be selected for cell-edge UEs
· If there are multiple neighboring cells providing the MBMS service via SC-PTM, there will be no MBSFN gain.
· For better adaptation to the dynamic user distribution and group size, it might be beneficial to discuss feedback mechanisms to allow for adaptive MCS selection and retransmissions specifically for cell-edge UEs. This will on the other hand increase the complexity.

The resource waste is only relevant when unicast resources are scarce and multiplexing of MBMS and unicast traffic is required. If unicast resources are scarce in a specific cell, the likelihood that neighboring cells are also crowded is rather high. With more interference from neighboring cells it seems the use of MBSFN transmission would be more efficient.
Consequently, for the comparison of PTP, SC-PTM and MBSFN should be for high load scenarios .
In the following we present initial results for the SC-PTM performance.
2.2 Simulation assumptions

For the evaluation of SC-PTM we use the following assumptions:

· 3GPP case 1, including vertical eNB antenna pattern according to TR36.814 with 15( el. tilt.
· ISD = 500 m
· no macro mobility

· statistically representative # of group-drops

· 10MHz bandwith

· 2GHz carrier frequency 

· 95% UEs with BLER<1% (95 % is typically used for latency requirements for MCPTT, see TS 22.179 [6])
· 100 % cell load ( maximum interference

· 7 sites, 21 cells

· 2x2 MIMO with Alamouti and IRC

2.3 Simulation results
Figure 1 shows the CDF of the BLER without HARQ for all MCS (MCS <=28 are as defined by 3GPP, MCS>28 are the MCSes defined by 3GPP for 256QAM, just reindexed). It becomes clear that the requirement of 95% UEs with BLER<1% is just met for MCS 2, i.e. without HARQ and without adapting the MCS to the (worst) positions of the UEs in a group, MCS 2 can be supported, i.e. a spectral efficiency of 0.18b/s/Hz.
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Figure 1 - CDF of BLER

In the following the 5% UEs with largest MCS-0 BLEP are disregarded. Among the remaining UEs there are still some with BLEP>1%. We split the UE population into groups. All groups in one simulation have the same number of UEs.

Figure 2 shows spectral efficiency vs group size where for each group the largest MCS is chosen to achieve BLEP>1% for all UEs (ideal MCS adaptation, i.e. no CQI measurement errors or reporting delays). The spectral efficiency for each group size is the average over all groups. The blue curve is for the case without HARQ. As expected for small groups a tremendously higher spectral efficiency can be achieved, and even for group size of 10 UEs the gain is still significantly higher than the 0.18b/s/Hz without group specific MCS adaptation.
The red curve is for the case of at most 2 retransmission on average. The retransmissions are separated by a time such that the UE travels by a quarter-wavelength, so that the channel gets de-correlated. Retransmissions are performed for a transport block and a group until all of the 95% best UEs in the group have BLEP<1% (estimated from the SINR).

The green curve shows the result for unlimited number of retransmissions. The spectral efficiency gain is achieved mainly by the further increased time diversity achieved by the retransmissions. However, for low UEs speed of 3km/h and at 2GHz, travelling a quarter wavelength takes 45ms, so the transport block delay limit does not allow for much time diversity. The green curve is therefore considered to be an impractical upper bound for retransmissions gains. Summarizing, HARQ retransmissions are very beneficial to achieve an increase in the spectral efficiency .
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Figure 2 - Spectral efficiency vs # UEs per group, for different average number of retransmissions.
3 Conclusion
In this contribution we presented initial results for resource efficiency of single-cell PTM with and without feedback. As expected the gain of group-specific MCS adaptation is very high for small group size and decreases quickly with increasing group size, but remains decent up to 10 UEs, though more detailed MCS adaptation simulations will be required to confirm this. HARQ with up to 2 retransmissions spread in time to exploit time diversity achieve a further gain of about 0.2 b/s/Hz regardless of group size in the range of 1-10.
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