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1 Introduction
In RAN1#46 it was recognised that considerable improvements to the spectral efficiency of release 6 MBMS could be attained by employing a so called single-frequency network (SFN) approach to the transmission of broadcast and / or multicast MBMS channels [1,2].  In RAN#33 it was clarified that such improvements to the spectral efficiency of release 6 MBMS should be captured as part of the ongoing feasibility study on improvements of MBMS [3].  This document presents text proposals for [3] on the physical layer outline and performance aspects of SFN transmissions for MBMS.  
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3 Text Proposals

It is proposed to capture the physical layer outline and performance aspects for SFN enhancements to release 6 MBMS multicast and broadcast in TR25.905 through the following text proposals.

3.1 Text Proposals for TR25.905

The first text proposal is for Section 5 of TR25.905, namely the “Outline of Proposals” section.  The second text proposal is for Section 6 of TR25.905, namely the “Analysis of the Proposals” section.

<<<<<<<<<<<<<<<<<<<<<<<< START OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>>>>>>>>
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<<<<<<<<<<<<<<<<<<<<<<<< NEXT CHANGED SECTION >>>>>>>>>>>>>>>>>>>>>>>>

5.2
Common cell ID operation for MBMS (RAN1)
5.2.1
Time multiplexing of MBMS with unicast carrier 

With a TDD air-interface, due to the self-contained time-slotted nature of the transmission, it is possible to time multiplex SFN MBMS transmissions with existing unicast traffic on a single carrier, thus alleviating the requirement for an additional carrier to deliver SFN MBMS transmissions.  With this approach, unicast timeslots would employ a cell-specific cell ID (i.e. scrambling code and midamble base code) whilst SFN MBMS timeslots would employ a common cell ID (an identical scrambling code and midamble base code are utilised across multiple cells).

The benefits of this approach are that an operator is able to realise the significantly improved spectral efficiency offered by the use of a common cell ID for MBMS transmissions without the requirement to dedicate an additional carrier for that purpose.  Timeslots reserved for existing MTCH transmission methods in Release 6 may be replaced or augmented by SFN timeslot transmissions.  Furthermore, it is possible to alter the partitioning of resource between that assigned to unicast and broadcast/multicast services thus allowing for flexible optimisation of spectrum assets.

5.2.2
MBMS for auxiliary carrier 

A second alternative to deliver enhanced spectral efficient broadcast/multicast MBMS transmissions is to provide an auxiliary dedicated downlink carrier for the purpose.  In this manner the auxiliary carrier would employ a common cell ID whilst the existing carrier would employ a cell-specific cell ID.  Conventional unicast traffic would be transmitted using the existing unicast carrier whilst spectrally efficient broadcast/multicast MBMS channels would be transmitted using the dedicated auxiliary carrier employing an SFN transmission approach.  This configuration applies to both TDD and FDD air-interface methods.

<<<<<<<<<<<<<<<<<<<<<<<< NEXT CHANGED SECTION >>>>>>>>>>>>>>>>>>>>>>>>

6.2
Common cell ID operation for MBMS (RAN1)

6.2.1
Time multiplexing of MBMS with unicast carrier 

The common cell ID for 3.84Mcps TDD has been studied in RAN WG1 and a summary of the results obtained with realistic simulation assumptions are captured below.  Existing release 6 MBMS for 3.84Mcps TDD can support approximately 20 x 64kbps channels at 95% coverage using 12 out of 15 timeslots [4].  This corresponds to a spectral efficiency of approximately 0.25 bps/Hz.  From Table 6.2.1.1 below it can be seen that for a variety of simulation environments employing a common cell ID, with varying site-to-site distances, there is a considerable increase in throughput.  For the same partition of the unicast and broadcast/multicast timeslots, i.e. 12 out of 15 for broadcast/multicast, the spectral efficiency is increased to 0.7 bps/Hz, i.e. nearly a three-fold improvement.  

	
	Scenario I (case 1 LTE)
	Scenario II (case 2 LTE)
	Scenario III (case 3 LTE)
	Scenario IV (TDD R6 MBMS)

	Site-to-site distance
	500m
	2500m†
	1732m
	1000m

	Timeslot throughput
	290 kbps
	290 kbps
	290 kbps
	290 kbps

	Spectral efficiency (12/15 timeslots)
	0.7 bps/Hz
	0.7 bps/Hz
	0.7 bps/Hz
	0.7 bps/Hz


Table6.2.1.1.  SFN S-CCPCH throughput at 95% coverage.
† The site-to-site distance is increased from the LTE case 2 value of 500m.

It is found that the limiting factor in the timeslot throughput in the outlined results is the realistic maximum FEC code rate for the number of physical codes transmitted, i.e. the results presented in Table 6.2.1.1 are mainly code limited.  To improve the performance further, the S-CCPCH physical resource can be expanded.  This can be simply effected by allowing the use of 16QAM for the S-CCPCH.  The throughputs for the same simulation scenarios with 16QAM are presented in Table 6.2.1.2.  It is observed that by using 16QAM the timeslot throughput has increased further in all but one of the scenarios and that for the non-power limited scenarios of I and IV the timeslot throughput is approximately 500kbps or better.  For a similar partition of resources as previously presented this corresponds to spectral efficiencies of >1.1 bps/Hz, or in excess of a four-fold increase upon the release 6 MBMS values.

	
	Scenario I (case 1 LTE)
	Scenario II (case 2 LTE)
	Scenario III (case 3 LTE)
	Scenario IV (TDD R6 MBMS)

	Site-to-site distance
	500m
	2500m†
	1732m
	1000m

	Timeslot throughput
	590 kbps
	348 kbps
	265 kbps
	497 kbps

	Spectral efficiency (12/15 timeslots)
	1.42 bps/Hz
	0.83 bps/Hz
	0.64 bps/Hz
	1.19 bps/Hz


Table6.2.1.2.  SFN S-CCPCH with 16QAM throughput at 95% coverage.
† The site-to-site distance is increased from the LTE case 2 value of 500m.

6.2.2
MBMS for auxiliary carrier 

If a dedicated auxiliary carrier is used to deliver broadcast/multicast MBMS transmissions using a common cell ID, the proportion of TDD timeslots of the dedicated carrier that can carry the MTCH is increased.  Assuming 1 timeslot for signalling then a total of 14 out of 15 timeslots of the auxiliary carrier maybe dedicated to broadcast/multicast MBMS channels.  This leads to the spectral efficiency values presented in Table 6.2.2.1.  It is observed that using a TDD auxiliary carrier to deliver broadcast/multicast MBMS channels via a common cell ID approach results in spectral efficiencies ranging between 0.81 and 1.65 bps/Hz for the variety of simulation environments studied.

	
	Scenario I (case 1 LTE)
	Scenario II (case 2 LTE)
	Scenario III (case 3 LTE)
	Scenario IV (TDD R6 MBMS)

	Site-to-site distance
	500m
	2500m†
	1732m
	1000m

	Spectral efficiency QPSK (14/15 timeslots)
	0.81 bps/Hz
	0.81 bps/Hz
	0.81 bps/Hz
	0.81 bps/Hz

	Spectral efficiency 16QAM (14/15 timeslots)
	1.65 bps/Hz
	0.97 bps/Hz
	0.74 bps/Hz
	1.39 bps/Hz


Table6.2.2.1.  SFN S-CCPCH spectral efficiency with auxiliary carrier at 95% coverage.
† The site-to-site distance is increased from the LTE case 2 value of 500m.

<<<<<<<<<<<<<<<<<<<<<<<< END OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>>>>>>>>


























































































