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1. Introduction
This document reviews aspects of downlink receiver operation with respect to single and dual LO configurations for a Rx Diversity terminal. The complexity and achievable performance of each option is considered in turn. Emphasis is placed on the case of dedicated carrier operation for MBMS enhancement [1] or E-MBMS dedicated carrier or layer operation [2] in terms of RF and hardware impacts.
2. Dual Receiver Scenarios – E-MBMS and Enhanced MBMS
The dual-receiver context for is established by 3GPP TR 25.913 which states:
“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”
TR 25.913 further requires the LTE downlink to provide a 3-4x gain in sector and average user throughput compared to the reference HSDPA Type-1 receiver case, along with a 2-3x gain in downlink 5%-tile user throughput.
In the case of E-MBMS, a reference receiver configuration for meeting the TR 25.913 E-MBMS target spectral efficiency of 1bps/Hz has not been specified. For the mixed E-MBMS case (i.e. DL-SCH and MCH sharing the same layer), it is reasonable to assume the same UE configuration – i.e. a dual-branch receiver – applies as for the basic unicast DL-SCH case. 
For dedicated mode E-MBMS, however, the definition of a reference UE receiver configuration is not straightforward. The dual-receiver context for Enhanced MBMS has no specific performance targets, but similar considerations apply.
3. Dual Receiver Configuration and Network Performance
As illustrated in the conceptual UE transceiver architecture of Figure 1, one approach (denoted ‘dual LO’) requires the UE to synthesise independent local oscillator (LO) reference frequencies (denoted 
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 in Figure 1) for each receiver branch. This permits independent and simultaneous access per receiver branch to a target unicast or MBMS carrier frequency or layer. A second possible approach (‘single LO’) is to source both receive branches using the same carrier frequency or layer – i.e. 
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 – where obviously only a one Rx LO source need be implemented. Note that in Figure 1, the transmit (Tx) LO is separate from the receive (Rx) LO and is not assumed to be displaced by a fixed offset from the two Rx LO frequencies.
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Figure 1 – Conceptual dual-branch receiver block diagram.
The dual and single LO architectures have distinctive impacts on network performance. While the dual-LO architecture has the advantage of permitting simultaneous access to the enhanced MBMS or E-MBMS layer while simultaneously receiving the unicast layer, this architecture also has a negative impact on both MBMS and unicast network performance in terms of spectral efficiency and coverage area.
For example, Figure 2 show that while a population of dual-antenna UE’s (‘baseline’) supports around 0.7bps/Hz broadcast at 95%-ile coverage, broadcast service delivery to single-antenna devices achieves 0.35bps/Hz at the same fractional coverage level.
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Figure 2 – Example E-MBMS coverage – single and dual-antenna UE.
Single antenna operation has a similar impact on unicast layer operation. Figure 3 – extracted from [3] – summarises the relative improvement in downlink user throughput for LTE over HSDPA assuming Type-1 UE’s. These results indicate that dual-branch operation is essential to approaching LTE targets.
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Figure 3 – E-UTRA user throughput improvement w.r.t. HSDPA Type I.

While the unicast simulation results indicate the potential performance loss of the downlink shared channels (E-UTRA or UTRA) the loss of coverage of common control channels (e.g. BCH, PCH etc. would also be significant, at least in the case of LTE. 
Accordingly, if dual-LO operation was supported, then an exception would be needed in terms user throughput and edge of cell performance both for unicast and broadcast transmissions during independent LO operation. Also – again, at least for the LTE case – network parameters would require modification in terms of control channel power allocation or modification of cell coverage and planning rules.
4. RF Performance Considerations
A UE operating in a dual LO mode, would require both receiver/antenna paths to have an equivalent performance in terms of radiated and conducted sensitivity and blocking performance. Therefore before independent receiver configuration (2 LO approach) is adopted a number of assumptions need to be confirmed for the static performance sensitivity, blocking, and radiated performance (TRP) for each receiver path.

For the dual-LO architecture, it should also be considered that the operation of two LO’s at nearby frequencies presents challenges to avoid interaction of the LO’s and thereby degradation of LO spurious performance.  This issue can be addressed by limiting the frequency spacing between 
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, increased physical separation of the LO’s, or additional current drain to reduce susceptibility to interference.  

Use cases requiring the UE to transmit at the same time it is operating in the dual-LO receive mode need special attention. Since the Tx-Rx1 and Tx-Rx2 frequency spacing would be different on each branch for the dual-LO case, receiver performance issues similar to those assessed by RAN4 during previous variable duplex (VDT) scenario analysis would apply. 
That investigation indicated the use of VDT is directly affected by the pass band bandwidths, centre frequencies, and duplexing gaps defined for each band. In this case there is no single generic solution. For example, 
· If the duplex image band substantially overlaps the uplink transmit band it is impossible to effectively filter the associated transmitter noise. The only alternatives for implementing this proposal are then either a) large improvements in the SNR of the active transmitter components (requiring much higher operating current levels) or b) significant relaxation in the receiver sensitivity specs to allow for the noise desense from the transmitter.  

· Alternatively, if the duplex image band does not overlap the uplink transmit band, but still comes within 10 MHz of it, effective filtering may not possible with conventional filters, but a more costly split band filter arrangement would be required. Again, the options of better Tx SNR performance or relaxed sensitivity specifications would also apply here, but are just as undesirable.

· A further consideration for the variable duplex (VDT) scenario is blocking. If the blocking signals occur within the duplex image band this will force the use of an isolator or require several blocker exceptions.  Another alternative is to relax the blocking requirements in the specification for blockers within the duplex image band, but in some bands this will require an isolator or a significant (e.g. >10 dB) increase in the Rx attenuation of the duplex filter. Relaxation of the blocking requirements in the duplex image band is another possible alternative.
5. Hardware Impact – Cost, Current Drain and complexity

Even without the issues presented in section 4, it is clear that a single Rx LO solution would provide the smallest size, lowest cost, and lowest current drain solution.  In this instance, for LTE, we need to take account of the requirements in 25.913 which state:

The E-UTRA and E-UTRAN Requirements should minimize the complexity of the E-UTRA UE in terms of size, weight, battery life (standby and active) consistent with the provision of the advanced services of the E-UTRA/UTRAN 
6. Conclusions

The issue of accessing two carrier frequencies or frequency layers is an important consideration in assessing the feasibility of dedicated carrier frequencies or layers for enhanced MBMS and E-MBMS.
While the use of dual-LO UE architectures nominally permit simultaneous access to both the unicast and MBMS carrier frequencies or layers, the network performance of the broadcast and unicast systems are both seriously negatively impacted.
Dual-LO operation also has a negative impact on RF sensitivity and blocking performance, and hence on receiver complexity, cost and current drain.
The solution of 4 branch receiver operation to maintain the performance of unicast and broadcast systems while continuously observing each – architected as a dual-LO pair of branches – is not feasible from the perspective of cost, size, current drain and complexity. 
Accordingly, it is proposed that in specifying methods to access a dedicated enhanced or E-MBMS carrier frequency or layer, the UE is assumed to have a single-LO architecture, where both UE receiver branches access the same (unicast or MBMS) carrier frequency or layer simultaneously. Access to the unicast or MBMS resource (whether enhanced MBMS or E-MBMS) would be performed on a time-division basis with both receiver branches served by a single local oscillator.
It is further proposed that the same assumption be applied in other scenarios – e.g. while accessing MBMS in idle mode and accessing a companion unicast PCH channel
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