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Introduction

The Study Item “Improvement of the Multimedia Broadcast Multicast Service (MBMS) in UTRAN” (RANFS-MBMSImp) has been started in December 2005 in order to evaluate possible enhancements compared to the Rel6 MBMS framework. Different aspects have been discussed during the study item, and a specific RAN2 focus has been put on dual receiver UEs, and downlink only MBMS carriers. 
Dual receiver UEs
One of the major restrictions in Rel6 MBMS is the optional simultaneous support of MBMS services via a PtM bearer and a unicast service. Although the UE capability of simultaneous reception of MBMS and unicast services for a UE in CELL_DCH exists this is limited to the frequency of the PtM transmission of the MBMS service. If an operator chooses to transmit the MBMS services on a dedicated carrier this reduces the simultaneous support of unicast services due to the high resource consumption of MBMS services on PtM bearers. As described in ‎[1] there is no UE behaviour for a dual receiver UE described in the specifications. Furthermore optimizations described in ‎[1] allow dual receiver UEs to have unrestricted parallel MBMS and unicast services on separate frequencies and thus allows more flexibilities in RRM.
During the study item two different issues have been raised wrt. UE complexity of dual receivers.
The first issue is related to the simultaneous uplink transmission on FDD in band I, and reception on TDD MBMS carrier at 1900-1920 MHz. Aspects that are being considered are duplex filter requirements, antenna isolations, and expected Tx/Rx performance.  However RAN WG4 was unable to provide a firm conclusion at the current time, and thus some more discussion seems to be needed in RAN4.
Another issue discussed was the need to integrate two local oscillators for the reception of nearby frequencies, e.g. 2 5MHz FDD frequencies where one frequency supports MBMS services and the other frequency supports unicast services. Also for this issue RAN4 was not yet able to come to a conclusion.
SFN operation

Another restriction of the MBMS support in Rel6 is the limited data rate of the MBMS carrier. In order to improve this data rate for both TDD and FDD the support of synchronized transmission / SFN operation has been studied in RAN1, and performances have been evaluated for the FDD and the TDD cases.
For FDD the achievable performance using the Rel6 channel structure is shown below (from ‎[4]):

	Receiver
	Receiver capable of equalizing 3 RLs
	Receiver capable of equalizing 7 RLs

	Type-2
	1.536 Mbps
	2.624 Mbps

	
	0.307 b/s/Hz
	0.525 b/s/Hz

	Type-3
	3.008 Mbps
	5.376 Mbps

	
	0.602 b/s/Hz
	1.075 b/s/Hz (16 QAM required)


Table 1: MBMS capacity and spectrum efficiency achieved by SFN S-CCPCH operation (95% coverage and 2800m site-to-site distance).

For TDD operation performances with QPSK and 16-QAM are shown below (from ‎[3]) : 
	
	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


Table2.  SFN S-CCPCH spectral efficiency with auxiliary carrier at 95% coverage.
The simulation results for FDD have also been verified in ‎[5].
SFN operation implies that the simultaneous support of unicast services on the same frequency is not possible for the baseline FDD channel structure, although this is possible for the case of a standalone TDD carrier.  In order to allow simultaneous FDD unicast services with SFN operation the most straight forward solution is a FDD/FDD or FDD/TDD dual receiver UE which is capable of receiving two different FDD downlink frequencies or one FDD and one TDD downlink frequency simultaneously as described above. An alternative solution has also been discussed, allowing for a UE implementation with a single local oscillator, which requires support from the network in order to guarantee necessary mobility functions ‎[6].
Proposed work split and further studies
Although the UE complexity for a dual receiver UE has not been able to be clarified completely in RAN4 both the support of dual receiver UEs, as well as the support of SFN operation can increase the user experience significantly as shown in the study item on MBMS enhancements.
It is therefore proposed to agree on further work items on the dual receiver UE capabilities and the SFN combining work in the following work split:
1) Protocol enhancements in order to support:
· Counting response on a different frequency.
· PtP establishment on a different frequency.
· Protocol support for MBMS DL only carriers independently of whether they operate in an SFN mode or not.
· Service continuity and support for mobility including any necessary support for single local oscillator UEs receiving MBMS on a frequency operated in SFN mode.

2) Necessary evolution for FDD SFN operation combining the following work:
· Configuration of a common scrambling code,

· Receiver support for suitable equaliser technology, i.e. Type-2 and Type-3,

· Ensuring backwards compatibility with the existing UTRA physical layer architectures in existing spectral assignments,

· Support for16QAM on S-CCPCH,

· Necessary protocol enhancements to support FDD SFN operation

· UE capabilities

· Iur/Iub control plane protocols

· UE performance requirements

3) Necessary evolution for TDD SFN operation combining the following work:

· Configuration of a common scrambling code for a subset or a all timeslots,

· Receiver support for sufficient delay spread (of the order of 33μs),

· Receiver support for suitable equaliser technology, including diversity reception
· Ensuring backwards compatibility with the existing UTRA physical layer architectures in existing spectral assignments,

· Support for 16QAM on S-CCPCH,

· Necessary protocol enhancements to support TDD SFN operation

· UE capabilities

· RF Coexistence

· Iur/Iub control plane protocols

· UE performance requirements

The corresponding work items can be found in ‎[6], ‎[8] and ‎[9]. 
Conclusion
The situation of the investigations wrt. dual receiver operations, considering both UE implementations with two or one local oscillators,  as well as the SFN operation has been discussed. In order to allow an integration of these features in the Release 7 timeframe it is proposed to agree on the necessary work items, as attached in ‎[7], ‎[8] and ‎[9].
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