
Agenda item:   11.5
Source:            Motorola
Title:                 Impact of Single and Dual-Antenna Performance on E-MBMS
Document for: Discussion and Agreement
1. Introduction
This document briefly reviews some of the E-MBMS requirements as currently defined in 25.913 and the E-MBMS broadcast network efficiency assuming single- and dual-branch receiver operation. The ability of single-branch UEs to achieve E-MBMS spectral efficiency performance targets is discussed, along with the potential interactions with dedicated E-MBMS carrier operation.
2. Review of E-MBMS Requirements
3GPP TR 25.913 defines a reference UE configuration for the unicast performance targets:

“The targets for downlink (DL) and uplink (UL) peak data rates are specified in terms of a reference UE configuration comprising:
a) Downlink capability – 2 receive antennas at UE
b) Uplink capability – 1 transmit antenna at UE”

There is currently no reference UE configuration defined for meeting the E-MBMS spectral efficiency target of 1bps/Hz
. For the mixed E-MBMS case (i.e. unicast and multicast services sharing the same layer) it is reasonable to assume the same UE configuration – i.e. a dual-branch receiver – applies as for the unicast case. However, for a dedicated E-MBMS carrier the definition of a reference UE receiver configuration is not completely straightforward.

In addition, TR 25.913 states that the system should support simultaneous provision of an MBMS service and a unicast service to a UE:

"E-UTRA should provide enhanced support for MBMS services. Specifically, E-UTRA support for MBMS should take the following requirements into account:

...

b)
Voice and MBMS – the E-UTRA approach to MBMS should permit simultaneous, tightly integrated and efficient provisioning of dedicated voice and MBMS services to the user.

c)
Data and MBMS – The E-UTRA approach to MBMS should permit simultaneous, tightly integrated and efficient provisioning of dedicated data and MBMS services to the user."
As the reference UE configuration for unicast is to support 2 receive antennas then one might assume that that these 2 receiver branches can be configured independently so that the UE can receive a dedicated MBMS carrier and a separate unicast carrier, thus easily facilitating the simultaneous provision of an MBMS service and a unicast service. The following section discusses whether this is a safe assumption.
3. E-MBMS Performance – Single and Dual-Antenna Performance
Figure 1 illustrates E-MBMS SFN wide-area spectral efficiency as a function of the number of available antenna branches at the UE based on a 1% packet error rate (PER) outage criterion for the LTE Case 3 derived simulation assumptions (Table 1). Note that QPSK, 16-QAM and 64-QAM modulation types with varying code rates are included in the simulation, which explains the lack of ‘smoothness’ in the data. In the figure, a UE is declared in ‘outage’ when, over the duration of the simulation, the simulated UE-specific PER is in excess of 1%. Coverage is then defined as the fraction of UE’s in the simulated network which experience a PER less than 1%.
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Figure 1 – Example E-MBMS coverage – single and dual-antenna UE.

[image: image2.emf]Parameter Units LTE Case 3

Carrier Frequency MHz 2000

Inter Site Distance m 1732m (Radius = 1000m)

Bandwidth MHz 5

Penetration Loss dB 20

Cell Layout

37 sites (3 rings) - perf. evaluated 

over 2 rings

Path Loss dB LTE (30.03)

Lognormal Std Dev. dB 8

Inter-Site Shadow Corr. Coeff. 0.5

Intra-Site Shadow Corr. Coeff. 1

Channel Model Typical Urban (TU)

Inter-cell Interf. Model Frequency selective

Traffic Model Full Buffer

BS transmit power dBm 43

BS # Antennas 1

BS Ant. Pattern LTE  - R1-050669, Table 2

BS Ant. Gain dBi 14

BS Ant. 3dB Beamwidth degs 70

BS Ant. Front-Back Ratio dB 20

MS Noise Figure dBi 9

MS # Antennas 2

MS Ant. Gain dBi 0

MS Ant.  Corr. Coeff. 0


Table 1 – E-MBMS simulation assumptions.

The results show that while a population of dual-antenna UE’s (‘baseline’) supports around 0.7bps/Hz at 95%-ile coverage for this scenario, SFN broadcast service delivery to single-antenna devices achieves around 0.35bps/Hz at the same coverage level of 95%. Put another way, if the broadcast network is configured (i.e. base station radiated power level and MTCH channel rates) to support 0.7bps/Hz at 95% coverage for dual-antenna UE’s, the reconfiguration of any individual UE to single antenna operation to support access to a different unicast carrier or layer reduces to 80% the likelihood that the UE is in a location where it could continue to access the broadcast network at the specified 1% session PER. In other words, the likelihood that a UE is in outage increases from 5% to 20%.
Furthermore, independent use of the two receiver branches to receive a dedicated MBMS carrier and a unicast carrier has other consequences that have to be considered - e.g. the performance implications for the unicast carrier and also various RF issues. These are considered in more detail in [1].
4. Conclusions

An initial assessment of  E-MBMS broadcast network coverage for single- and dual-antenna UE’s indicates that if the broadcast network capacity is configured to fully exploit dual-antenna UE performance, modes of operation which subsequently re-assign an antenna branch to a companion unicast layer would have a significant impact on E-MBMS coverage. In the example studied, E-MBMS outage increased from 5% to 20%. From an overall system performance and specification simplicity standpoint, for basic LTE terminal capabilities, it is proposed to agree that further work on E-MBMS uses the assumption that both UE receiver branches access the same (unicast or MBMS) carrier frequency simultaneously. Access to the unicast or MBMS carriers  is then performed on a time-division basis, with performance maintained in each carrier. Note that, with this assumption the requirement for simultaneous provision of MBMS and a unicast service can still be achieved by providing the MBMS service and unicast service on the same frequency layer.
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� It is noted that the 1bps/Hz requirement in 25.913 is still FFS and possibly subject to change.
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