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Executive Summary

The essence of the DOB proposal is to utilise a different physical layer for dedicated carrier MBMS in unpaired spectrum.  The motivation for DOB stated in [1] is that it offers a smoother migration for UMTS FDD operators.  In this paper we analyse the differences between DOB and the existing Rel-7 solution for unpaired dedicated-carrier MBMS in order to provide some insight to this question.

Given the duplex differences between unicast FDD and TDD solutions in 3GPP, it is natural to expect an associated set of differences in their design.  However, from a dedicated-carrier (simplex) broadcast context many of these differences disappear and the degree of similarity between DOB and dedicated carrier TDD MBSFN is then marked.  The RF solutions for Node-B and UE are identical, large scale commonality is observed at the physical layer and at the protocol layers the two are most often indistinguishable.  Hence development of Rel-7 TDD MBSFN may leverage the existing expertise and functional designs within the vendor community.  It is hoped that the details presented in this paper help to illustrate this further.
It is noted in companion paper [2] that the differences that do remain at the physical layer bring about benefits for MBSFN services and have also been brought forward into LTE eMBMS.  These also help in simplifying implementation and in lowering costs.
1 Introduction

Differences arise at the physical layer between FDD and TDD systems in order to accommodate their underlying duplex nature.  However, many of these differences are not present for the case of dedicated carrier broadcast – simplex operation.
Dedicated carrier broadcast for unpaired spectrum was standardized in Rel-7.  The specifications allow for the following scenario in which broadcast traffic is conveyed over a downlink-only dedicated MBSFN carrier and unicast traffic is conveyed over external paired carriers (see Figure 1).
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Figure 1 – MBMS services in unpaired spectrum with out-band FDD unicast
The Rel-7 MBSFN standards in 3GPP have been written under the assumption that no special measures are adopted in the unicast network to coordinate times at which the UE may transmit/receive unicast and the times at which it may receive broadcast.  This is exemplified by the following extracts from the WIDS in [4] and [5]:

“No optimisations are done within this work item for single receiver (one local oscillator) UEs”
“The unicast serving RNC does not need to be aware of a UE receiving transmissions from a SFN MBMS carrier.”
Dual receiver capability is therefore required in the terminal in order to preserve unicast operation without interruption to MBSFN reception.  The FDD and TDD MBSFN work items were very closely coupled during 2007 and the eventual specifications reflect this.  By virtue of this alignment in their origins (and in most cases, details), it should therefore be the case that TDD MBSFN already allows a smooth migration for UMTS FDD operators.  The more detailed analysis is provided in sections 2 through 5.
2 RF

RF solutions for unpaired broadcast need to be appropriate for the targeted bands, and this would apply equally both to the DOB proposal and to Rel-7 TDD MBSFN.  For the purposes of discussion we focus here on “band a” as designated by 3GPP, available in Europe and in other regions of the world.  This consists of two unpaired regions 1900-1920MHz and 2010-2025MHz.  The lower block lies immediately adjacent to the paired uplink band 1920-1980MHz which is used for WCDMA FDD.
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Figure 2 – Unpaired Allocations – “band a”

To integrate dedicated carrier unpaired MBSFN “band a” into the Node-B or UE alongside existing WCDMA FDD in band I, the potential for interference between the unicast and MBMS communications must be appropriately controlled.  Taking for example the case of the boundary (at 1920MHz) between the unpaired band and the paired uplink band there is the potential for the following interference paths, as shown in Figure 3:

i) Unpaired MBMS base station Tx to FDD base station Rx

ii) FDD UE Tx to unpaired MBMS UE Rx

Interferences between UE and BS on the differing carriers are negligible due to the large duplex separation between FDD downlink and MBMS receive, and because in the case of dedicated carrier there is no UE transmit in the unpaired band.
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Figure 3 – Interference paths between paired and unpaired spectrum allocations

The severity of the base to base interference path (i) is high unless special preventative measures are taken at both the unpaired band transmitter and the FDD uplink receiver.  Such measures involve coexistence filtering solutions at base station deployment sites.  Although challenging, these filtering solutions have been demonstrated in TDD MBSFN trials to allow co-siting of the broadcast transmitter with FDD unicast base stations.  Note that these filters would also be required for DOB.
The severity of the UE-to-UE path (ii) is statistical in nature if the FDD transmitter and MBMS receiver reside in different terminals, and depends on the UE transmit power and on the physical separation/pathloss between them.  However, for the case in which MBSFN operation is desirable at the same time as unicast operation within the same terminal, no reliance can be made upon the physical separation between transmitter and receiver and it then becomes more difficult to ensure adequate sensitivity of the broadcast receiver in the presence of unicast transmission on a nearby carrier frequency.  Essentially, this problem reduces to one of narrow duplex spacing between the FDD unicast transmitter and the broadcast receiver – see Figure 4.
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Figure 4 – Unicast transmit to broadcast receive (self) interference in the UE

A key component for a terminal capable of simultaneous unicast and MBMS operation in closely-separated band assignments is therefore a coexistence filtering solution.  The use of separate antennas for the unicast and broadcast elements of the terminal is able to assist in providing some additional isolation in order to ease the demands on the coexistence filtering solution.  One possible design is shown in Figure 5.  Broadly speaking, it should be noted that an architecture similar to this is required irrespective of the physical layer types if simultaneous unicast transmission and MBSFN reception are required.
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Figure 5 – Terminal design for simultaneous FDD unicast Tx/Rx and broadcast reception in nearby unpaired bands

RF – Conclusion:  DOB would require an identical RF solution to that of TDD MBSFN.

3 Physical Layer

The TDD MBSFN physical layer supports the following physical channels for dedicated carrier MBMS:

P-CCPCH, S-CCPCH, MICH, SCH

DOB supports the same set of physical channels, and also the P-CPICH for channel estimation purposes.

Baseband reception of CDMA-based MBSFN signals in the UE is based upon the following principles:

· Digital front end processing (filtering, sample rate conversion, etc…)

· Estimation of the MBSFN radio channel

· Equalization of the received CDMA slot and antenna combining (Rx diversity assumed)
· De-spreading of the equalized signal

· Symbol demodulation

· Inverse Transport channel processing and Turbo Decoding

The similarities of each stage are described below, and shown in Figure 6 and Figure 7.

Digital front end processing: Identical
This is due to the fact that TDD-MBSFN and DOB share the same chip rate of 3.84Mcps and the same RRC pulse shaping with (=0.22.

Channel Estimation: Similar
This stage differs as a result of the use of a TDM pilot rather than a CDM pilot (which brings about associated benefits as discussed in [2]).  However, the basic principles of channel estimation are the same, the differences resulting from the use of different sequences or structure.

Equalisation and Antenna Combining: Identical
The chip-level equalization stage (a.k.a type 3 receiver technology as is used for example in FDD HSPA) is one of the most processing-intensive parts of the receiver.  Due to use of the same 3.84Mcps chip rate and the same slot duration of 666.67μs, this stage would be identical for DOB and TDD MBSFN receivers.  Any appropriate equalising technology (G-RAKE, MMSE or other existing HSPA receiver blocks) may be applied for TDD-MBSFN reception.
De-Spreading: Similar
The basic principles of the de-spreading stages are the same, differing only in terms of which spreading factors are used and in the exact scrambling sequences.  TDD MBSFN uses SF16 (as used for HSPA) and also SF1.
Demodulation: Identical
Both use 16-QAM and QPSK.

Inverse Transport channel processing: Virtually Identical
The situation for TrCH processing is revealed in Figure 6.  The transport channel processing stages represent a large portion of the total baseband functionality.  10 out of the 12 functional blocks are the same for DOB and TDD MBSFN.  Note however that the RAM requirements for TDD-MBSFN are roughly half of those for DOB to deliver the same service rate of 512kbps [2].
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Figure 6 – Transport Channel Processing Similarities
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Figure 7 – Functional block comparison of a DOB UE and a Rel-7 TDD MBMS UE

Overall, an evaluation based upon TDD MBSFN ASIC implementations suggest that the areas of identical functionality constitute 84% of the baseband ASIC total-RAM-plus-gates (Figure 8).  For SoC-based systems this percentage would increase further as more of the ASIC is then consumed by the CPU and auxiliary functions.
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Figure 8 – Baseband Functionality by ASIC total RAM + gates.
Extracted segments are those that differ between TDD MBSFN and DOB

Conclusion (Layer 1):   84% of the total baseband processing (ASIC total RAM + gates) would be identical between a DOB receiver and a TDD MBSFN receiver.  Some differences exist for channel estimation and for minor parts of the transport channel processing chain which enable some benefits for MBSFN services [2].  Various existing equaliser designs such as used for type 3 FDD HSPA receivers (G-RAKE, MMSE etc…) may be applied to TDD-MBSFN reception.
4 Protocols
Many of the protocol layers are identical for Rel-7 TDD MBSFN and for DOB.  Particularly, from a user plane perspective there are no differences.  For the control plane, differences arise in two areas, RRC and NBAP.  The differences in RRC are associated with the support for timeslot configuration of the physical channels for TDD MBSFN, and enable the multiplexing of localized and wide-area broadcast content in the same way as is envisaged for LTE eMBMS.  The differences in NBAP are associated with radio link configurations and separate message formats used for TDD and FDD.  However, the differences lie only in a very small number of information elements (IE’s) and therefore should not represent any significant barrier to implementation.

It should be noted that similar differences are also present for the DOB proposal, compared to Rel-7 FDD MBSFN.  These are associated with the different bands of operation.
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Figure 9 – MBMS User Plane Protocol Stack
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Figure 10 – MBMS Control Plane Protocol Stack
Conclusion (RAN Protocols):  TDD MBSFN uses identical user plane protocols to DOB.  For the control plane, both DOB and TDD MBSFN exhibit minor differences to Rel-7 FDD MBSFN, in the areas of RRC and NBAP. 

5 Services and Applications

Although not in the scope of RAN, if we look more into the detail of the “higher layer” software (protocol) architecture affecting the UE and the BM-SC, it’s clear that a very significant portion of the overall software architecture resides outside the MBSFN modem (receiver).  The MBMS User Service is described in TS23.246 and TS26.346.  This protocol stack is exactly the same for both DOB and TDD MBSFN and is pictorially shown in detail for the UE in Figure 11.
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Figure 11 - Complete MBSFN UE architecture

Conclusion (Services):   No differences between DOB and TDD MBSFN exist at the application protocol and architecture level.
6 Conclusions

In this paper we have performed an analysis to ascertain the level of similarity between DOB and the existing Rel-7 TDD MBSFN solution.  This was undertaken to investigate whether DOB could offer a smoother migration for UMTS FDD operators [1].  The comparison has been made from the perspectives listed in Table 1.  The findings for each of these are also listed in Table 1.

Overall, the analysis suggests that because the existing Rel-7 solution has been developed in close co-operation with FDD MBSFN, the necessary degree of similarity has been retained, allowing for reuse of existing vendor assets.   It is believed that the Rel-7 TDD MBSFN solution offers some advantages for broadcast [2] which have also been brought forward into LTE eMBMS.  Along with the desire to avoid market fragmentation [3], we believe that the Rel-7 work item already achieved the goals of enabling efficient and well integrated MBSFN operation in the unpaired bands.

	Layer
	Comparison Findings
	

	RF
	Identical
	
[image: image12]

	Physical Layer
	84% identical.  Remaining differences enable TDD MBSFN to deliver advantages for MBSFN services [2]
	
[image: image13]

	Layer 2/3 (RAN Protocols)
	User plane identical

Control plane, some small differences for TDD MBSFN in RRC1 and NBAP1.

1 Note: DOB also requires differences in these layers
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	Application (non-RAN) Protocols
	Identical
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Table 1 – Summary of Analysis Findings
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