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1. Introduction
During the RAN plenary meeting #34,  RAN working groups were asked to review the scope and timescales of the proposal for work item for MBMS FDD physical layer enhancements [1]. In this document, we present some Nokia analysis and understanding of tasks which would be required to meet the objectives of the WI, in the hope that this is of benefit to RAN working groups in completing their review as requested by RAN plenary. We would like to emphasise that this preliminary analysis should be regarded only as a starting point to plan the work, and there may very well be additional tasks which are required in order to complete the work item. Conversely, there may be simplifications possible, for example reducing certain functionalities, so as to complete this work in a shorter time.

2. Brief overview of the work item

The work item proposal in [1], which was agreed in principle in RAN meeting  #34 defines some objectives required  to develop support in 3GPP specifications for the transmission of MBMS services on a DL only dedicated carrier using  SFN (single frequency network), and using FDD channel structure. Throughout the discussion in this paper, we will refer to this downlink only dedicated carrier as the multicast carrier, and the existing FDD carrier with both UL and DL which the UE may also be making use of, as the unicast carrier. This terminology is partly introduced in the WI description sheet.
We believe that in understanding the scope of this work item, operator input on likely MBMS dedicated carrier deployment scenarios would be very valuable. For example, if an operator has already introduced some MBMS services on the unicast carrier using release 6 MBMS, then there might be value in being able to switch rather seamlessly (from a user perspective) between receiving release 6 MBMS services, and receiving MBMS services on the DL only dedicated carrier. This may have implications for the information that should be included in the MCCH on each carrier. Similarly, it would be good to have guidance on whether an operator can expect to have licences for, and be operating, a number of multicast carriers at the same time. Whilst we believe that it would be rather unfeasible to develop a terminal which can receive multiple multicast carriers in parallel, there might be measures that can be taken to provide the user with a holistic view of the services that are being transmitted on each multicast carrier, and the possibility to be aware of (and indicate interest in, or join) services that were being transmitted on a different multicast carrier. However, such service transparency across multicast carriers may add additional complexity to the specifications and the UE implementation, so if the target is simply to get support for a single multicast carrier in the minimum possible time, this kind of support could be left out of 3GPP specifications in the interests of more rapid completion of the work. In this aspect, we note that there would be other, although possibly less efficient alternatives to provide service transparency between release 6 and multicast users. For example, it may  be possible to duplicate release 6 MBMS p-t-m content to the multicast carrier, and it may be possible to provide release 6 legacy users with content that is available on the multicast carrier via the release 6 p-t-p MBMS concept.
In the remainder of this document, we take each bullet point from the objectives in [1], and provide some analysis of the areas which it might require RAN working groups to consider

3. 
Configuration of a common primary scrambling code 
An SFN network operates using a common scrambling code within an SFN area, and the same physical layer data being transmitted on every cell within the area. In the FDD MBMS physical layer enhancements, it is assumed that the RNC is the coordinating entity which ensures that all node-Bs use a common scrambling code, and transmit the same physical data throughout the SFN area. It is also necessary for all node-B  transmissions within the network to be tightly synchronised to ensure that the UE receiver can effectively demodulate the SFN signal from multiple transmitters, and achieve the performance expected from the studies that have been made of SFN networks. Work may be required in RAN WG3 to study synchronisation techniques to allow very close synchronisation of  node-Bs within an SFN (RNC) area.
On the multicast carrier frequency, we believe that the basic concept would be that the node-Bs within an SFN area would all transmit primary and secondary syncronisation (SCH), a primary common pilot channel (P-CPICH), a primary common control physical channel (P-CCPCH) and possibly several secondary common control physical chanels (S-)CCPCH which would carry only MCCH, MSCH and MTCH transport channels. Additionally MBMS indication channel (MICH) should be used along with MCCH in a similar manner to release 6 MBMS.
The P-SCH and S-SCH synchronisation channels would allow the UE to determine the code group of the SFN area common scrambling code, and the actual scrambling code used could be determined from the P-CPICH. The physical layer details of the downlink channels on the multicast carrier should reuse as much as possible the existing physical channel structures.
4. Receiver support for suitable equaliser technology, i.e. similar to Type-2 and Type-3,
We would exepect that minimum and enhanced performance requirements for such equaliser technology would be defined in RAN4.
 One approach which RAN4 could consider is to utilise minimum performance requirements based on the use of 1RX rake receiver for the unicast carrier, and then define 1RX equaliser (ie similar to type 2) for minimum performance requirements for the multicast carrier. This approach would allow for a variety of terminal types to be developed, and would enable the introduction of lower cost and complexity terminals which are still capable of receiving multicast MBMS services. Enhanced performance requirements for the multicast carrier, for example, based on 2RX equaliser (ie similar to type 3) could  also be considered by RAN4.
5. Handling of delay spread in the order of 33us in the UE receiver

The use of advanced receivers capable of handling long delay spreads is seen as necessary for good reception of SFN downlink. From a UTRAN perspective, there is a requirement for cells within the SFN area to be sufficiently closely synchronised. From a UE perspective, it is assumed that RAN4 should define the necessary minimum performance requirements for MBMS service reception in an SFN network, based on scenarios with an appropriate delay spread.
6. Ensuring backwards compatibility with the existing UTRA physical layer architectures in existing spectral assignments,
Whenever a new frequency band is defined by 3GPP, RAN4 must do the work necessary to ensure that the impact to existing frequency bands is acceptable. In this respect, because the work item refers to a downlink only carrier, the work is somewhat simplified compared to the situation where both uplink and downlink spectral assignments need to be defined. 
One scenario which RAN4 may need to consider is interference from the new DL multicast carrier transmission to existing FDD uplink frequencies Power classes for the node-B transmitting the multicast carrier needs to be defined so that such coexistence issues may be studied, and suitable specifications such for spurious emissions and blocking characteristics can be defined for the multicast carrier.
7. Support for 16QAM on S-CCPCH,
To support 16 QAM in RAN1 specifications, it would seem feasible to define some additional SCPPCH slot formats which are only to be used on the multicast DL only carrier, and which have physical channel  bits based on 16 QAM modulation. Mapping from CCTRCH to physical bits would also need to be specified by RAN1.
8. Necessary protocol enhancements to support FDD SFN operation
A thorough review of the sequence of operations necessary to begin to receive services from the multicast carrier by RAN2 would be necessary to gain an insight into the protocol enhancements necessary for support of FDD SFN operation. 

In section 3, we indicated how the initial search for the SFN common scrambling code could be made by the UE. At this point, the UE would be able to start reading system information elements from the PCCPCH. The system information on the multicast carrier could very much reuse the format which has been defined already for unicast carriers for example

· Multicast network identification, including country code and PLMN identification

· Information on neighbour SFN areas such as scrambling code/band/carrier frequency in use

· Reselection parameters to define UE behaviour when reselecting between different common scrambling codes on the multicast carrier (for example on the boundary between SFN areas)

· Details of the structure of the SCCPCH(s) present on the multicast carrier, including physical, transport, and logical channel configurations so that the multicast MCCH can be decoded (similar to the Secondary CCPCH system information MBMS information contained in SIB5/SIB5bis)
This procedure can be thought of as very analogous to the PLMN search made on the unicast carriers, and the steps taken to select and camp on a cell. However, many system information elements would be unnecessary on the PCCPCH of a downlink only cell. Therefore, although we anticipate that much of the physical channel structure, and the RRC information required to camp on a cell on the multicast network would be directly reusable from existing 3GPP unicast carrier specifications, we believe that some work will need to be done in RAN2 to check that the existing mechanism is appropriate. For example, system information regarding the secondary CCPCH used for MBMS is currently contained within SIB5/SIB5bis. However, several IE within SIB5 which are currently mandatory are not appropriate for a downlink only cell (eg PRACH system information list).

Having decoded the system information from the PCCPCH of the multicast cell, the UE shall be in a position to begin to read MBMS configuration information, radio bearer information, available MBMS services and so on from the MCCH. Again, such MCCH content needs to be thoroughly reviewed, and consideration given to whether a direct reuse of the release 6 MBMS concepts is appropriate. For example, as mentioned in the introduction, there may be a need for the service information on MCCH to be extended to give information as to what services are available on other multicast carrers (or the unicast carrier via release 6 MBMS) so that the user can be presented with a holistic view of all of the services on offer from an operator.

Another area where protocols could be reviewed and if necessary enhanced is in the area of MBMS specific signalling sent from the UE to UTRAN. Procedures where uplink transmission is required, for example  for subscription, joining or indicating interest in MBMS services must necessarily be performed on the unicast carrier. It should be checked whether extensions are needed to such procedures to indicate that they refer to services on a different carrier from the one where the procedure is being performed.
9. UE capabilities
UE capabilities have typically been quite a complicated area to agree for MBMS services, and we anticipate that there are several issues that suggest that the work in this area will need thorough and careful consideration.  Since there is much commonality between the unicast transmission and the multicast transmission, there seems to be possibilities for reducing the cost of a unicast/multicast capable terminal by sharing hardware between the two carriers, and the discussions on capabilities need to address this cost versus performance tradeoff. For example, it would be possible to envisage

-A UE with a single local oscillator (LO), which is referenced in the WI description sheet. Such a terminal cannot simultaneously operate on the unicast carrier and the multicast carrier, and must necessarily interrupt the reception of an ongoing MBMS service, for example to perform unicast mobility measurements (intrafrequency, interfrequency or intersystem) and to receive paging indicators. Previous work in release 6 MBMS suggests that such interruptions may not always be catastrophic to the MBMS quality of service, provided that they can be of short duration, and application layer coding is often used in conjunction with MBMS services to provide for acceptable performance during longer interruptions (eg unicast reselection). However, it would seem challenging for a UE with a singe LO to support a true dedicated connection to the unicast network in parallel with MBMS service reception
- A UE with multiple local oscillators and two RF receivers has more flexibility to allocate receivers either to provide receiver diversity on one carrier (unicast or multicast) or to allocate the RF receivers independently to either unicast or multicast reception using the two local oscillators. However, such flexible allocation of resources creates an interaction between the performance of the UE, and the actions being performed by the user which may be undesirable from both a user experience and system level perspective. This is somewhat related to the ongoing RAN4 study item on dynamic receiver reconfiguration. The study item is not concluded, but nevertheless we can foresee that there could be additional effort in specifying this level of flexibility, since the system level aspects may need to be considered in detail.
- Considering the case of a UE which has completely independent local oscillators and receivers for the unicast and multicast carriers, the flexibility is available to perform true reception of the unicast and multicast carriers in parallel. However, RAN1 may wish to consider whether it is worthwhile to consider links between the unicast capability and the multicast capability. For example, if the UE is receiving multicast MBMS then it might well be feasible to specify that it no longer has capabilities to receive MBMS from the unicast carrier at the same time. This would avoid the need for duplication of certain functions such as turbo decoder between supporting the unicast MBMS services and multicast MBMS services. 
10. Network aspects
RAN3 has to define the necessary signalling protocols to support the establishment of the new, or modified physical channels in the Node B. 
Also, because more precise synchronisation requirement is introduced in the air interface, also the UTRAN synchronisation has to be more precise as well. New synchronisation protocol or enhancements to existing frame protocol is needed.

The details of the necessary changes need to be analysed in RAN3.
11. UE performance requirements

We would see several areas where performance requirements could be developed in RAN4
- Frequency bands and channel arrangement (25.101 chapter  5) eg specifying the frequency range, bands and UARFCNs for the additional downlink multicast carrier band(s).

- Receiver characteristics (25.101 chapter 7) for the additional downlink multicast carrier bands

- Demodulation performance requirements for the multicast carrier


- Agreement on the baseline receivers for multicast carriers, probably similar to the existing baseline assumptions for type 2/type 3 with extended equaliser length

- Requirements scenarios to ensure acceptable UE performance when there are several SFN cells present with wide delay spread

- Requirements scenarios to ensure acceptable UE performance when receiving 16 QAM on SCCPCH

- RRM requirements and possible test cases to ensure that the UE can reselect between different RNC/SFN areas when receiving on the multicast carrier
- Possible RRM requirements to ensure that a 1 LO UE does not make excessive interruption to reception of the muticast carrier, while at the same time demodulating unicast paging and meeting existing unicast reselection mobility requirements

12. BTS requirements for 16QAM transmission on S-CCPCH for applicable bands for the SFN transmission

Since the multicast carrier is downlink only, there are no receiver or demodulation requirements for the BTS. Transmitter requirements would need to be defined for the new frequency band(s) introduced for muilticast carrier operations both for QPSK transmission and 16 QAM transmission. We would anticipate that less work is involved in this RAN4 task than in defining the UE receiver performance requirements since 16 QAM downlink operation has already been specified for other BTS transmissions (for example in HSDPA) and there appears to be a good starting point for such requirements in the work that has already been done in RAN4.
13. Conditions
The work item description also defines a number of conditions, to attempt to limit the scope of the work item to something that is manageable and achievable. Nokia understanding of these conditions is
· The UE mobility requirements and procedures related to the unicast carrier must be met. 
This means that no significant changes should be made to the existing RAN1,2,3 and 4 specifications for the unicast mobility or procedures in order to add support for the multicast carrier. For example, this condition excludes specifying more relaxed mobility requirements for the unicast carrier to ease the burden of receiving the multicast carrier.

· No optimisations are done within this work item for single receiver (one local oscillator) UEs, i.e. MBMS data loss may occur during periods where a single receiver UE is receiving on the unicast carrier.

Nokia understanding of this condition is that no special scheduling schemes should be considered, for example to create gaps in MTCH transmission on the multicast carrier specifically for the purpose of enabling 1LO terminals to spend time operating on the unicast carrier frequency. Rather, it is accepted that data loss will occur when a single LO UE is active on the unicast carrier (for example receiving paging, or making mobility measurements). Nevertheless we anticipate that RAN4 may need to consider requirements to ensure that such interruptions to multicast reception are not excessive, based on agreed assumptions  

· The SFN area will be limited to the RNC area.

Nokia understanding is that this is intended to limit the scope of work in RAN3, and to avoid the need for an MBMS content distribution entity separate from the RNC to ensure that all node-Bs within the SFN area transmit the same content. 

We believe, however, that it will be necessary to develop specifications for expected behaviour when the UE reaches SFN area boundaries, for example, performing reselection on the multicast carrier to the reception of a different common scrambling code in a new SFN area.
· The unicast serving RNC does not need to be aware of a UE receiving transmissions from a SFN MBMS carrier.

Again, we view this as an attempt to limit the impact of the specification of multicast SFN reception on the existing unicast specifications. If the unicast RNC is not aware that the UE is receiving transmissions from an SFN MBMS multicast carrier, then it would be unable to perform any modifications or optimisations to the unicast signalling, for example to reduce the amount of time spent on unicast operations and maximise the time that a 1LO UE could spend receiving the dedicated carrier. This condition appears rather closely related to the condition that “The UE mobility requirements and procedures related to the unicast carrier must be met.”, but implies that there is an extension of this condition precluding the introduction of new procedures on the unicast carrier. Therefore, our understanding is that multicast carrier specification work should, as much as practically possible, be a standalone exercise which does not have impact to the already existing design of the unicast carrier
14. Conclusions

In this paper, we have presented Nokia understanding of the objectives in the MBMS FDD physical layer enhancements work item description.. Clearly there is a tradeoff to be made between the complexity of the MBMS FDD physical layer enhancements which are made, and the timescale for the standardisation work, and certain of the tasks which are identified in this discussion paper could be simplified or even removed to improve the timescales. 
Conversely, a significant level of work clearly needs to be done in 3GPP RAN working groups if the MBMS SFN downlink dedicated carrier feature is to be specified in a thorough and complete way. In several areas which have been identified in this paper, operator feedback on the likely deployment scenarios would be very useful to ensure that, the specifications are not unnecessarily complicated, but on the other hand provide sufficient flexibility to support initial dedicated carrier MBMS rollout scenarios. We note that highly flexible solutions may appear attractive in the initial phases of the work, but that flexibility comes at a cost of increased complexity and test effort, so steps should be taken to identify and understand the likely operating scenarios which need to be supported by the MBMS FDD physical layer enhancements work item, so that the specifications and first implementations are able to support these scenarios without excessive complexity.
Although we have not been able to provide a similar analysis and review of the “MBMS TDD physical layer enhancements” work item description [2], we note that many of the top level objectives for the TDD work item are similar to the FDD work time. Therefore there may be some value in considering whether some of the discussion, which was presented in this paper for the FDD MBMS enhancements work item, is also relevant to assist in the TDD work.
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