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1 Introduction
It is required that E-UTRA supports enhanced MBMS [1]:

[TR25.913 section 7.5]

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

a)
Physical Layer Component Re-use – in order to reduce E-UTRA terminal complexity, the same fundamental modulation, coding and multiple access approaches used for unicast operation should apply to MBMS services, and the same UE bandwidth mode set supported for unicast operation should be applicable to MBMS operation.

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)
Unpaired MBMS Operation – the deployment of E-UTRA carriers bearing MBMS services in unpaired spectrum arrangements should be supported
It is also required that E-UTRA works in diverse and fragmented spectrum arrangements and allocations [1]:
[TR25.913 section 8.1]

b)
Support for diverse spectrum arrangements
1)
The system shall be able to support (same and different) content delivery over an aggregation of resources including Radio Band Resources (as well as power, adaptive scheduling, etc) in the same and different bands, in both uplink and downlink and in both adjacent and non-adjacent channel arrangements.
2)
The degree to which the above requirement is supported is conditioned on the increase in UE and network complexity and cost.
3)
 A "Radio Band Resource" is defined as all spectrum available to an operator.
This document thus considers the support of E-MBMS in diverse spectrum arrangements. Particular attention is placed on support of E-MBMS between the uplink and downlink carriers of a paired spectrum allocation.

2 E-UTRA duplexing modes

It has been proposed that E-UTRA operates in both half-duplex (HD) and full-duplex (FD) modes [1]. Both of these modes can support operation in paired spectrum. HD-paired mode UEs are supported in paired spectrum by the E-Node-B ensuring that time orthogonality is maintained between uplink and downlink transmissions to the UE (this is illustrated in time period A of Figure 1 where both UE1 and UE2 are both HD-paired mode UEs and the scheduler schedules them such that UL and DL are orthogonal in time: note that all of the UL and DL resource can be used by the Node B when transmissions to UE1 and UE2 are interleaved). An HD-paired mode UE does not require a duplexer; an FD mode UE does require a duplexer.

[image: image1]
Figure 1 - HD-paired mode operation

3  Diverse spectrum allocations
E-UTRA is required to work in diverse spectrum allocations. There are a large number of possible types of spectral allocation that may be available to an operator that wishes to deploy E-UTRA. Some basic types of spectrum allocations that operators may have are given below (more complex spectrum allocations can be built from these basic types of spectrum allocations):
· paired-only spectrum (UL is assigned at one frequency and DL is assigned at a different frequency)

· unpaired-only spectrum (one contiguous set of carrier frequencies is assigned to an operator and both UL and DL are supported within this contiguous set of frequencies)

· paired spectrum with additional unpaired spectrum. In this case, two scenarios can be envisaged:

· the unpaired resource is allocated “outside the duplex” of the paired spectrum

· the unpaired resource is allocated “inside the duplex of the paired spectrum. This scenario is of particular interest as it is a candidate for the assignment of spectrum at 2.5GHz.
These two cases are illustrated in Figure 2.


[image: image2]
Figure 2 - Allocations of unpaired spectrum inside and outside the duplex spacing of paired spectrum
It is extremely desirable for operators to be able to use their unpaired spectrum, regardless of how that unpaired spectrum is allocated relative to paired spectrum. The unpaired spectrum can be used for support of standalone operation (an HD-unpaired or TDD mode of operation), as an auxiliary downlink carrier to a paired spectrum allocation, for support of E-MBMS services or for other uses. This Tdoc focuses on the case where the unpaired carrier is used for the support of E-MBMS services. In particular, this Tdoc focuses on the case where the paired spectrum supports unicast services (such as voice or packet data calls) and the unpaired carrier supports E-MBMS. To provide a concrete example, this Tdoc considers the support of a voice call on the paired carrier and an E-MBMS service on the unpaired carrier (this combination of services is required to be supported in [1: section 7.5b]). Support of voice calls and E-MBMS on paired and unpaired carriers is illustrated in Figure 3.
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Figure 3 - Support for voice and E-MBMS services on paired and unpaired carriers

4 Support of E-MBMS services in unpaired spectrum

4.1 E-MBMS “outside the duplex”
For an FD mode UE, there are no particular issues with the support of simultaneous voice calls and E-MBMS when the E-MBMS carrier is outside the duplex - other than that some additional filtering may be required to isolate the downlink paired and downlink unpaired carriers.

In order to support voice calls and E-MBMS for HD-paired mode UEs, it is necessary for the UE to signal information to E-UTRAN regarding the E-MBMS services that the UE is decoding when the UE is also simultaneously engaged in a voice call (this signaling is only required when the UE is simultaneously engaged in a voice call). This signaling allows E-UTRAN to schedule uplink resource to the HD-paired mode UE such that the uplink resource clashes with neither the downlink portion of voice calls nor the E-MBMS service (recall that an HD-paired mode UE cannot receive and transmit at the same time as it has no duplexer).
The HD-paired mode UE can signal the E-MBMS services that it is currently decoding when the voice call is set up (for example in an RRC CONNECTION REQUEST / SETUP type message - when the UE switches from an idle mode to a connected mode). If the UE starts to decode additional MBMS services during a voice call, details of these additional voice calls can be signaled to the UE on a signaling radio bearer during the voice call.
When E-UTRAN has knowledge of the E-MBMS services that the HD-paired mode UE is decoding, it is able to schedule HD-paired mode UEs accordingly. An example scheduling of HD-paired mode UEs where one UE (UE3) decodes an E-MBMS service and two other UEs do not decode E-MBMS services is shown in Figure 4 (for simplicity’s sake, this figure does not show the multiplexing of more than one user / service into any single time period: the extension to OFDMA or CDMA is obvious). This figure also shows how the HD-paired mode UEs are able to only receive in the downlink or only transmit in the uplink even when E-MBMS and voice services are active simultaneously.

[image: image4]
Figure 4 - Example simultaneous support of voice and E-MBMS services for HD-paired mode UEs

4.2 E-MBMS “inside the duplex”

When the unpaired carrier carrying E-MBMS is operated inside the duplex of the paired carrier, there are situations in which both FD-mode and HD-paired mode UEs will be required to signal information to E-UTRAN regarding the E-MBMS services that the UE is decoding. 

For HD-paired mode UEs, the requirement for signaling this E-MBMS related information stems from the same concerns as for the “outside the duplex” case of section 4.1.

The requirement for FD-mode UEs to signal E-MBMS related information, when engaging in unicast transmissions (such as voice calls), stems from potential spurious emissions from the UE’s uplink transmissions interfering with the reception of E-MBMS in the downlink. The issue of spurious emissions desensitizing E-MBMS receptions is significant when E-MBMS is applied to an unpaired carrier inside the duplex spacing of a paired carrier. Out of band emissions from the uplink carrier to E-MBMS in this case are more harmful than out of band emissions to the downlink paired carrier due to the proximity of the E-MBMS carrier to the uplink paired carrier. 
[image: image5]
Figure 5 - Support for voice and E-MBMS services on paired and unpaired carriers
There are three potential methods to resolve the issue of FD-mode E-MBMS receiver desensitization:

· the use of more sophisticated components in the UE. This approach will tend to increase UE cost.

· on a per UE basis, never assign a voice call to that UE in a paired carrier located near the carrier on which that UE is receiving MBMS services. This approach requires more than one paired carrier if voice calls and E-MBMS are to be simultaneously supported by a UE (it is not good to assume that operators will have many spectrally separated carriers: this assumption is contrary to the requirements of [1]). This approach also requires signaling of the E-MBMS services that a UE is decoding when a voice call is set up (such that the voice call can be applied to a paired carrier that is suitably separated from the unpaired carrier).
· signaling of E-MBMS services that a UE is decoding when a voice call is set up and E-UTRAN scheduling resources appropriately such that uplink is never transmitted by the UE at the same time as E-MBMS is being received by the UE.

The preferred solution is the latter (signaling / scheduling) solution since this allows for lower cost UEs, reduces wastage of spectral resource through guard bands, is applicable across a range of diverse spectral allocations and provides for commonality with the HD-paired mode case. 
Note that as for the HD-paired UE case, information on the E-MBMS services that the UE is decoding only needs to be transmitted when a unicast service (e.g. voice call) is set up or the E-MBMS services that the UE is decoding changes (the UE does not need to send E-MBMS related information to E-UTRAN when the UE is decoding E-MBMS in idle mode).

Example scheduling and UE activity for the case of support of E-MBMS services and voice calls for FD-mode UEs using the spectral resources shown in Figure 5 is shown in Figure 6 (note that the scheduling would be appear to be more “dynamic” in the case of a packet call). In this figure UE3 decodes the E-MBMS service and a simultaneous voice call while UEs 1 and 2 are just engaged in voice calls (note that in general, multiple users can be subcarrier or code multiplexed into sub-frames: the figure shows a single user per sub-frame for the sake of simplicity).


[image: image6] 
Figure 6 - Example simultaneous support of voice and E-MBMS services for FD mode UEs
5 Conclusions
In order to efficiently and cost effectively support E-MBMS and unicast bidirectional services in some spectrum allocations where an E-MBMS carrier is spectrally close to a carrier used for unicast bidirectional services, an E-UTRA UE should signal to E-UTRAN information relating to the E-MBMS services that the UE is decoding when a call for a unicast bidirectional service is initiated. The UE should also signal changes in the reception status of E-MBMS services while the unicast call is ongoing. This enables E-UTRAN to schedule services to ensure that both HD-paired mode and FD-mode UEs can receive the relevant E-MBMS services while simultaneously maintaining the unicast bidirectional call.
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7 Text Proposal

This section contains a text proposal for TR25.814 based on the conclusions reached in this document.
<<<<<<<<<<<<<<<<<<<<<<<< START OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>

6.1
Multiband operation

6.1.x
Operation of E-MBMS in diverse spectrum allocations

In order to efficiently and cost effectively support E-MBMS and unicast bidirectional services in some spectrum allocations, where an E-MBMS carrier is spectrally close to a carrier used for unicast bidirectional services, an E-UTRA UE should signal to E-UTRAN information relating to the E-MBMS services that the UE is decoding when a call for a unicast bidirectional service is initiated. The UE should also signal changes in the reception status of E-MBMS services while the unicast call is ongoing. This enables E-UTRAN to schedule services to ensure that both HD-paired mode and FD-mode UEs can receive the relevant E-MBMS services while simultaneously maintaining the unicast bidirectional call.  
<<<<<<<<<<<<<<<<<<<<<<<<<< END OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>>>>>>>
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