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1. Introduction
In this contribution, we continue the discussion – started in [2] – on the design and performance of a multicast broadcast single frequency network (MBSFN) based MBMS system for UTRA FDD.  The results presented in [2] suggested that the performance of the MBSFN design given in [5], which is derived directly from Rel-6 MBMS, may not be fully optimised. It was argued that further adjustments to the MBMS physical layer design were necessary to improve performance. In this contribution, we propose modifications to the Rel-6 physical channel structure to obtain a fully optimised solution. Specifically, we observe that when MBSFN techniques are applied, and higher order modulation techniques (e.g. 16-QAM) are embedded in the legacy S-CCPCH slot structures, UE channel estimation can limit MSSFN spectral efficiency. This contribution proposes that the S-CCPCH slot structures applicable to Rel-6 MBMS be adjusted to allow the existing P-CPICH to be augmented by a time division multiplexed (TDM) pilot.
2. Motivation for TDM Pilot
In this section, we provide further network simulation results to motivate the need for an enhanced phase reference for MBSFN operation. The transport block sizes used in the simulations and the simulation assumptions are the same as those given in [2] and are summarized in Annexes A and B respectively. For the TDM pilot case, the pilot is provided by DTX’ing the 256 chip long TFCI field in slot format 10.  
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a) Case 3
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b) Case 1

Figure 2 – Coverage Vs Area Spectral Efficiency
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Case 1 Case 3

ICE 2.15 0.63

TDM, PCE 2.14 0.53

CDM, PCE 1 0.41


Table 1 – Spectral Efficiency in bps/Hz
Coverage versus spectral efficiency plots for different scenarios are plotted in Figure 2 and the system spectral efficiency numbers are tabulated in Table 1. ICE refers to ideal channel estimation and PCE refers to practical channel estimation. The results indicate that channel estimation using a 256 chip TDM pilot achieves spectral efficiencies closer to those achieved with ICE. On the other hand, channel estimation using only the code division multiplexed (CDM) P-CPICH signal suffers significant loss in spectral efficiency – especially in Case 1. Channel estimation using a CDM pilot signal (CPICH) is susceptible to significant intra-cell interference in multi-path channels – a problem that is more pronounced in the case of an MBSFN channel with its increased median RMS delay spread due to the synchronous simulcasting and potentially sparse cell deployment.
3. Discussion
The potential lack of a synchronization channel on a dedicated MBMS carrier ‎[5] and the consequent requirement to camp on, and extract synchronization information from, a companion unicast carrier could lead to significant messaging load in the companion unicast network. Also, if the MBMS carrier is supported using a sparse deployment of relatively high power base stations, then there would be a potential requirement that all unicast cells be aware of their relative timing with respect to a companion MBMS carrier, which could require provisioning of timing apparatus at all base stations.
Synchronization with a serving unicast cell need not imply accurate synchronization with the dedicated carrier given that there could be significant channel energy in the pre-synchronization region of delay for the unicast network. In other words, the change in delay spread characteristic (more correctly, multipath intensity profile or MIP) between the unicast and broadcast carrier frequencies, in combination with the change in propagation delay between the unicast cell and associated broadcast MBSFN, may lead to limitations in the ability of the unicast layer to indicate to UE’s an absolute timing reference for the broadcast carrier. In any case, all cells – broadcast as well as unicast – again need to be aware of relative synchronization. 

Autonomous synchronization to the broadcast carrier frequency by the UE might be possible using the common scrambling code applied to the broadcast carrier, possibly aided by hardware acceleration (given that there are only 64 Secondary SCH codes as against 512 scrambling codes), but this would further a) slow initial system acquisition, and b) render redundant significant components of UE searcher hardware.

UEs need to synchronize to the Transmission Time Interval (TTI) of the S-CCPCH in addition to radio frame synchronization. In unicast networks, this information is supplied by System Information Message transported over Broadcast Channel (BCH) that is carried by the Primary Common Control Physical Channel (P-CCPCH). In the absence of P-CCPCH, autonomous TTI synchronization is not possible without information exchange with the companion unicast carrier.
4. Proposal

Using several existing elements in the standard as well as some modifications, an improved design of the MBSFN waveforms that solves/reduces the problems mentioned above is possible

1. As shown in Section 2, channel estimation based on a time-division multiplexed (TDM) pilot symbol is generally better than that based on a code-division multiplexed (CDM) pilot. This is especially beneficial in systems – such as MBSFN broadcast systems – which are not interference-limited. The CDM pilot sequence – P-CPICH – should be augmented with a TDM pilot structure. Note that the resulting pilot structure would represent the combination of TDM and CDM pilots, with the CDM pilot comprising an optional component used to achieve high channel estimation SNR in conditions associated with high Doppler frequencies.

2. Transmission of Primary Common Control Physical Channel (P-CCPCH) must be allowed for TTI synchronization purposes. The current standard already DTX’s P-CCPCH which is suitable for TDM pilot provisioning using SCH. This can be achieved by defining extended synchronization codes along with further DTX’ing P-CCPCH such that the extended SCH and P-CCPCH do not overlap.
3. The current S-CCPCH slot format consists of TFCI bits followed by data bits. TDM pilots can be provisioned in several ways: 

· Choose slot formats with 256 chip length TFCI (e.g. slot 10) and allow a common P- and S-SCH transmission from all the cells comprising the MBSFN. The TFCI bits are always DTX’ed so that the sum of P- and S-SCH may serve as the TDM pilot waveform.
· Relocate TFCI bits to another location in the timeslot, such as the end of the time slot and then again allow common SCH transmission from all the cells. In this case, the currently specified S-CCPCH pilot symbols are omitted (or DTX’ed, although this is less efficient), and the first 256 chips of the S-CCPCH on the timeslot are DTX’ed so that the P/S-SCH are exposed to serve as a TDM pilot.
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Figure 2 – CDM and TDM Pilot Provisioning
5. Conclusions

In this contribution, we propose modifications to the proposal for MBSFN based MBMS given in [5] to address the problems of a) inadequate channel estimation and b) reliance on companion unicast carrier for synchronization and MBSFN access. We propose to retain the synchronization channel and DTX’ing of S-CCPCH channel to provide a TDM pilot sequence for better channel estimation and autonomous synchronization.
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7. Appendix A – TBS parameters
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1 32 76 9120 2 18240 0.3 5472 0.42

2 32 76 9120 2 18240 0.5 9120 0.71

3 32 76 9120 2 18240 0.7 12768 0.99

4 32 76 9120 2 18240 0.9 16416 1.27

5 32 76 9120 4 36480 0.3 10944 0.85

6 32 76 9120 4 36480 0.5 18240 1.41

7 32 76 9120 4 36480 0.7 25536 1.98

8 32 76 9120 4 36480 0.9 32832 2.54

9 32 76 9120 6 54720 0.3 16416 1.27

10 32 76 9120 6 54720 0.5 27360 2.12

11 32 76 9120 6 54720 0.7 38304 2.97

12 32 76 9120 6 54720 0.9 49248 3.82


Table 2 – TBS parameters
8. Appendix B – System Simulation Assumptions
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Carrier Frequency MHz 2000

Inter Site Distance m 1732 (Case 3), 500 (Case 1)

Bandwidth MHz 5

Penetration Loss (PL) dB 20

Speed km/h 3 (25.814)

Cell Layout Hexagonal grid, 19 cell sites, 3 sectors per site

Path Loss dB UMTS 30.03 (with deltaH = 15 m) = 128.2 + 37.6log10(d(km))

Lognormal Std Dev. dB 8

Inter-Site Shadow Corr. Coeff. 0.5

Intra-Site Shadow Corr. Coeff. 1

Channel Model Typical Urban (TU)

BS transmit power dBm 43

BS # Antennas 1

BS Ant. Pattern LTE  (25.814)

BS Ant. Gain dBi 14

BS Ant. 3dB Beamwidth degs 70

BS Ant. Front-Back Ratio dB 20

MS Noise Figure dBi 9

MS # Antennas 2

MS Ant. Gain dBi 0

MS Ant.  Corr. Coeff. 0

CPICH Overhead % 10

S-CCPCH Slot Format Slot Format #10, SF = 32, TTI=80ms

Number of S-CCPCHs 31

LMMSE Equalizer Length taps 30 per receive antenna

CDM Channel Estimation Window chips 2560


Table 3 – System Simulation Assumptions


























































































