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1 Introduction

This document contains further details on some technical concerns on the Ericsson DoB proposal [8]. These technical concerns have been outlined in [9]. These technical concerns are summarised as:
· The term “downlink optimised broadcast” is false for several reasons:

· DOB does not support SF1 which means that either more base stations are required for DOB or data rates that are supported by DOB are lower than for TD-CDMA MBSFN

· The RF-related battery consumption of DOB is greater than the RF-related battery consumption of TD-CDMA MBSFN

· The complexity of DOB is greater than the complexity of TD-CDMA MBSFN

· DOB is not backwards compatible with Release 6 and earlier TDD UEs due to the structure of the primary synchronisation channel of WCDMA (DOB)

· The proposals related to the RF emissions of DOB are unknown. The feasibility of applying the TDD spectral masks to a WCDMA waveform in TDD spectrum needs investigation
These technical concerns need to be addressed as part of any potential work item related to use of WCDMA in TDD spectrum for MBSFN..

2 Lack of support for SF1
This section compares the performance of an MBSFN downlink only carrier employing SF 1 transmission (TDD based MBSFN proposal) with that of a carrier that is not capable of supporting SF 1 transmission (FDD based MBSFN proposal).  The analysis is based upon the difference in peak to average power (PAPR) of the two different transmission modes using the cubic metric as presented in [1].

A reduction in peak to average power means that there is additional power headroom available at the transmitter, for a given power amplifier, and thus effectively the signal may be transmitted with a higher power.  As the broadcast network is SFN in nature, it is fundamentally power limited as opposed to interference limited and hence any increase in power available at the transmitters is of direct benefit to the system.  This section assesses these benefits from a system perspective.

2.1 Cubic metric analysis

The cubic metric has been presented as a useful tool to enable the peak to average power ratio of a signal to be translated into a power amplifier back off requirement [1].  In the following we present cubic metric results for transmissions using various combinations of physical channels that correspond with TDD and FDD physical layers when employed in a downlink only MBSFN scenario.  It is noted that for the FDD physical layer P-CCPCH, P-SCH and S-SCH are not considered and thus the numbers presented in the table for these scenarios are optimistic.

	
	Technology applicability
	Approximate service rates
	Cubic metric

	SF1, QPSK
	TDD only
	14 × 256kbps / 56  × 64 kbps
	1.43 dB

	SF1, 16QAM
	TDD only
	28 × 256kbps / 112  × 64 kbps
	2.55 dB

	25×SF32 (QPSK) + 13×SF64 (QPSK) + 1×SF256 (QPSK) [2] *
	FDD only
	38 × 64kbps
	4.92 dB

	58×SF64 (QPSK) + 11×SF128 (16QAM) + 1×SF256 [2] *
	FDD only
	69 × 64kbps
	4.99 dB

	3×SF4 (QPSK) + 1×SF256 (QPSK) *
	FDD only
	12 × 256 kbps
	3.80 dB

	7×SF8 (16QAM) + 1×SF256 (QPSK) *
	FDD only
	28 × 256 kbps
	4.65 dB


* P-CPICH allocated 10% power.  P-CCPCH, P-SCH and S-SCH not considered.
Table 1.  Cubic metric results
From the analysis presented it is seen that when comparing 64kbps services the FDD transmission requires 3.49dB and 2.44dB more power headroom for QPSK and 16QAM respectively.  This means that for a 64kbps bearer, given the same power amplifier rating, the TDD transmission can be allocated 3.49dB and 2.44dB more power for the respective modulation schemes.

For a 256kbps service rate, the FDD transmission requires 2.37dB and 2.1dB more power headroom for QPSK and 16QAM transmission.  This means that for a 256kbps bearer, given the same power amplifier rating, the TDD transmission can be allocated 2.37dB and 2.1dB more power for the respective modulation schemes.

2.2 System simulations

The simple system simulation methodology described in [3] can be re-run for all deployment scenarios studied with different Node B transmit powers according to the varying PA back-off requirements as evaluated in the previous section.  These simulations include realistic assumptions about the channel estimation dynamic range as detailed in [3].

These system simulations have been performed with the conservative increases in power of 2.4dB and 2.1dB corresponding to QPSK and 16QAM transmission cases respectively and bearer rates of 256kbps.  Results for the SINR vs. inter-site distance are presented in Figure 1.
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Figure 1.  SINR vs. Inter-site distance, m.

2.2.1 Reduced basestation density

Assuming that approximately 6dB C/I is required to support the maximum number of bearers at a rate of 256kbps [3], the inter-site distances are evaluated for each of the deployment scenarios are detailed in Table 2.  From this table it is observed that the 2.4dB power boost afforded by using the TDD physical layer with QPSK modulation as opposed to the FDD physical later with QPSK modulation translates to an increase in cell area of at least 33%.  For the case of 16QAM, the 2.1dB power boost afforded by using the TDD physical layer as opposed to the FDD physical layer translates to an increase in cell area of at least 28%.  These numbers are equivalent to a TDD physical layer requiring 75% and 78% (QPSK and 16QAM respectively) of the number of basestations that an FDD physical layer deployment would require for an equivalent service rate.

	Scenario
	0dB power boost
	2.1dB power boost
	2.4dB power boost

	
	ISD, m
	ISD, m
	Cell area increase
	ISD, m
	Cell area increase

	I
	1780
	2012
	28%
	2050
	33%

	II
	3280
	3727
	29%
	3782
	33%

	III
	1780
	2012
	28%
	2050
	33%

	IV
	1965
	2252
	31%
	2295
	36%


Table 2.  Increase in ISD and cell area for fixed bearer rate (256kbps).
2.2.2 Increased bearer rate

Alternatively the benefits of reduced power amplifier back off requirement achieved with a TDD physical layer as opposed to an FDD physical layer may be realised by fixing the deployment inter-site distance and obtaining an increase in C/I.  This C/I improvement is then directly translatable to an increased bearer rate that can be offered by the TDD physical layer.  These numbers are tabulated in Table 3.  

For an increase in power of 2.4dB, i.e. TDD physical layer vs. FDD physical layer with QPSK modulation, the resulting C/I gain leads to bearer throughput increases of at least 80kbps or a minimum spectral efficiency improvement of 31%.  For the case of 16QAM the benefit of a TDD physical layer as opposed to an FDD physical layer is a minimum bearer rate increase of 72kbps which results in a spectral efficiency gain of at least 28%.

	Scenario
	ISD, m
	0dB power boost
	2.1dB power boost
	2.4dB power boost

	
	
	C/I
	C/I
	Increase in spectral efficiency
	C/I
	Increase in spectral efficiency

	I
	1780
	6dB
	8.0
	30%
	8.2
	33%

	II
	3280
	6dB
	7.9
	28%
	8.1
	31%

	III
	1780
	6dB
	8.0
	30%
	8.2
	33%

	IV
	1965
	6dB
	7.9
	28%
	8.2
	33%


Table 3.  Increase in C/I and spectral efficiency for fixed inter-site distance.
2.3 Conclusions

From the cubic metric analysis presented and the system simulations undertaken it is shown that by employing a TDD physical layer (spreading factor 1) as opposed to a FDD physical layer (spreading factor 4 minimum), the resulting reductions in PA back-off requirement allow an increase in inter-site distance of between 28% and 33% for the same timeslot bearer rate of 256kbps.  Alternatively, by keeping the inter-site distance the same, the reduction in back-off allows the timeslot bearer rate and hence spectral efficiency to increase by approximately the same percentages.

3 DOB is not optimal

This section considers two issues relating to the optimality of the Ericsson DOB proposals and the TD-CDMA MBSFN proposal: battery consumption and UE capability requirements. It is shown that:

· the RF-related battery consumption requirements for the Ericsson DOB proposal are significantly greater than those for TD-CDMA MBSFN

· the UE capability and complexity required to support the Ericsson DOB proposal is greater than that required to support TD-CDMA MBSFN

The section thus shows that it is not correct to consider the Ericsson DOB proposal to be “optimized” for DL-only MBSFN operation in  TDD spectrum.
3.1 Battery consumption

For a mobile TV system, battery lifetime is a big issue and the battery consumption of DOB will be shown to be significantly greater than the battery consumption of TD-CDMA MBSFN.

The DoB receiver has to be “on” for every timeslot of the TTI. However UE battery consumption for DoB can be decreased by use of an “inter-TTI interval” of greater than 1. A 256kbps service can be supported by DRX-ing 3 out of every 4 TTIs using SF4, QPSK, 40ms TTI. In this case, the receiver “on” ratio is 25%. This case is shown in Figure 1.
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Figure 1 - DOB support for 256kbps bearer at 25% duty cycle

The TD-CDMA MBSFN receiver only needs to be “on” for those timeslots when the MBMS service that it is decoding are active. A 256kbps service can be supported in a single timeslot with QPSK modulation using SF1, QPSK, 40ms TTI [4]. In this case, the receiver “on” ratio is 6.7%. This “on” ratio is more than three times less than the “on” ratio required for support of a 256kbps service with the Ericsson DOB proposal.
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Figure 2  - TD-CDMA support for 256kbps bearer at 6.7% duty cycle

The RF-related battery consumption depends on the fraction of time that the MBMS receiver needs to be “on”. The TD-CDMA receiver needs to be “on” for a significantly lower fraction of time that the Ericsson DOB receiver needs to be “on”. The RF-related battery consumption for TD-CDMA MBSFN is seen to be significantly less than that for the Ericsson DOB proposal: more than three times less.

The significant increase in the MBMS service rate that can be achieved at a given RF duty cycle is shown in Figure 3 for QPSK formats. An even greater battery efficiency can be achieved for TD-CDMA MBSFN in deployments where 16QAM can be used - there is no battery saving benefit from the use of 16QAM with the Ericsson DOB proposal.
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Figure 3 - Increase in throughput at a given duty cycle for TD-CDMA MBSFN 

Assumptions on the construction of the MBMS bearers that were used to derive Figure 3 are given in Table 1.

Table 1 - Construction of bearers for throughput vs duty cycle comparison (QPSK)
	MBMS service rate / kbps
	construction of bearer
	duty cycle

	TD-CDMA MBSFN

	512 kbps
	2 slots, QPSK
	13.3%

	256kbps
	1 slot, QPSK
	6.7%

	128kbps
	1 slot, QPSK, inter-TTI = 2
	3.35%

	64kbps
	1 slot, QPSK, inter-TTI = 4
	1.68%

	Ericsson DOB

	512 kbps
	SF4, QPSK, inter-TTI = 2
	50%

	256kbps
	SF4, QPSK, inter-TTI = 4
	25%

	128kbps
	SF4, QPSK, inter-TTI = 8
	12.5%

	64kbps
	SF4, QPSK, inter-TTI = 16
	6.25%


Note that for TD-CDMA MBSFN, MBMS transport blocks are provided to the UE MBMS application every 40ms whereas for the Ericsson DOB proposal they are provided every 160ms (unless even greater battery consumption is tolerated with DOB - e.g. through use of SF16 and a 100% duty cycle). Although the latency of reception of these transport blocks is not significant while watching a mobile TV service (for example), it may lead to a worse user experience when a user is “surfing” a channel list for a desired channel.
Note also that the mechanism by which the Ericsson DOB proposal achieves a data rate of 256kbps with a duty cycle of 25% is by increasing the UE capability (and complexity). The Ericsson DOB proposal requires a UE that is capable of supporting a peak rate of 1Mbps just in order to be able to support the MBMS service rate of 256kbps with a 25% duty cycle. Hence in order to be able to support DRX, the TDD-DOB UE has to be significantly and unnecessarily over-dimensioned  in terms of its transport channel processing capability.

For deployments where 16QAM bearers are used, the duty cycle required for the Ericsson DOB proposal remains the same for any given MBMS service rate (when 16QAM is supported, the maximum spreading factor that the Ericsson DOB proposal supports is SF8). For TD-CDMA MBSFN, the duty cycle required to support a given MBMS service rate halves when 16QAM is used.

3.2 Complexity comparison

3.2.1 DOB complexity
The DOB MBMS UE capability is defined in [2]. The relevant parts of the UE capability are shown in the tables below:

Table 4.13a-2: MBMS capability part D (FDD)
	Combination of UE Radio Access capability parameters in DL for MBMS
	

	Maximum number of bits of all transport blocks being received at an arbitrary time instant for S-CCPCHs carrying MTCH (and MSCH)
	81920 / 40960
Note 1 (FFS)

	Maximum sum of number of bits of all convolutionally coded transport blocks being received at an arbitrary time instant
	640 (FFS)

	Maximum sum of number of bits of all turbo coded transport blocks being received at an arbitrary time instant
	81920  / 40960

Note 1 (FFS)

	Maximum number of transport channels for the configuration
	8 (FFS)

	Maximum total number of transport blocks received within TTIs that end at the same time
	128 (FFS)

	Maximum number of TFC per S-CCPCH
	128 (FFS)

	Maximum number of TF 
	64 (FFS)

	Support for turbo decoding
	Yes (FFS)

	Number of CRC bits
	16 (FFS)

	Support for slot formats that do not contain TFCI
	No (FFS)

	Supported slot formats and TTI combinations 
	See table 4.13-3 (FFS)

	Maximum Number of Simultaneous Transport Channels per S-CCPCH
	2
(Note 2) (FFS)


Note 1:
81920 is only applicable for combinations in table 4.13a-3 where scheduling is restriced by a value bigger than 1 of MBMS minimum inter-TTI interval. 
Table 4.13a-3: Supported slot formats and FACH TTI combinations for MBMS capability part D (FDD)
	S-CCPCH slot format (see [11])
	FACH TTI (ms)
	MBMS minimum inter-TTI interval

	30 (SF=8, QAM)
	80
	2  (FFS)

	30 (SF=8, QAM)
	40
	1 (FFS)

	29 (SF=16, QAM)
	80
	1 (FFS)

	28 (SF=32, QAM)
	80
	1 (FFS)

	27 (SF=64, QAM)
	80
	1 (FFS)

	26 (SF=128, QAM)
	80
	1 (FFS)

	25 (SF=256, QAM)
	80
	1 (FFS)

	24 (SF=4, QPSK)
	80
	2 (FFS)

	24 (SF=4, QPSK)
	40
	1 (FFS)

	23 (SF=8, QPSK)
	80
	1 (FFS)

	22 (SF=16, QPSK)
	80
	1 (FFS)

	21 (SF=32, QPSK)
	80
	1 (FFS)

	20 (SF=64, QPSK)
	80
	1 (FFS)

	19 (SF=128, QPSK)
	80
	1 (FFS)

	18 (SF=256, QPSK)
	80
	1 (FFS)


The significant parts of the UE capability are:

· the Turbo decoding capability is 40960 bits per TTI. This equates to 1.024Mbps with a 40ms TTI. However note that with the addition of CRC bits, the throughput achieved at the output of the physical layer is less than 1.024Mbps (due to CRC overhead)

· the maximum number of physical channel bits is 76800 physical channel bits. The S-CCPCH slot formats that lead to this capability parameter are shown highlighted in table 4.12a-3

· the UE must detect and decode every timeslot in the frame of the TTI

The DRX capability is implemented via an “inter-TTI interval”. The inter-TTI interval allows the UE to DRX some TTIs. This DRX method allows for battery saving, but requires a higher UE capability than support of DRX by timeslotting transmissions.

3.2.2 TD-CDMA MBSFN complexity

The defined UE capability for TD-CDMA MBSFN is also defined in [5]. This capability is shown in the table below:

Table 4.13a-4: MBSFN Capabilities (3.84 Mcps TDD)

	Combination of UE Radio Access capability parameters in DL for MBMS
	

	Maximum number of bits of all transport blocks being received at an arbitrary time instant for S-CCPCHs carrying MTCH (and MCCH/MSCH)
	43603

	Maximum number of bits before de-rate matching being received at an arbitrary time instant for S-CCPCHs which carry MTCH (and MCCH/MSCH)
	69696

	Maximum number of physical channel bits received in any 10ms interval
	8712

	Maximum number of simultaneous transport channels per S-CCPCH carrying MTCH (and MCCH/MSCH)
	4

	Maximum total number of transport blocks received within TTIs that end at the same time
	130

	Maximum number of TFC per S-CCPCH carrying MTCH (and MCCH / MSCH)
	32

	Maximum number of physical channels per timeslot
	16

	Maximum number of physical channels per frame
	33

	Maximum number of timeslots per frame
	3


The significant parts of the UE capability are:

· the Turbo decoding capability is 43603 bits per TTI. This number of bits only has to be decoded in an 80ms TTI (the parameter “maximum number of physical channel bits received in any 10ms interval” = 8712 precludes use of a 40ms TTI with a transport block size of 43603 bits). Even accounting for CRC overhead, this UE capability can support 512kbps as a physical layer throughput

· the maximum number of physical channel bits is 69696 bits

· the UE must detect and decode only 3 timeslots in the frame

3.2.3  Conclusion

The following conclusions can be drawn (on the capabilities in the above tables):

· the Turbo decoding capabilities of the Ericsson DoB proposal is twice that of TD-CDMA MBSFN. The Ericsson DOB Turbo decoding capability needs to be inflated (relative to TD-CDMA MBSFN) in order to allow for DRX operation [6].

· the buffering capabilities of the Ericsson DoB proposal and TD-CDMA MBSFN are similar

· the number of timeslots that the Ericsson DoB proposal and TD-CDMA MBSFN have to decode are significantly different

· the Ericsson DoB proposal must decode every timeslot in the frame. The Ericssson DoB detector must be “on” and performing signal processing for every timeslot of the frame. The Ericsson DoB detector has to be dimensioned in this manner no matter what inter-arrival time is used in a typical deployment

· TD-CDMA MBSFN needs only to decode a subset of the timeslots in the frame (a maximum of 3 timeslots in the frame is defined). The TD-CDMA MBSFN detector thus only has to be “on” for 20% of the timeslots in the frame and can spread a timeslot’s worth of signal processing over a whole frame (this spreading is not possible for the Ercisson DoB proposal)

Given that both the Ericsson DOB receiver and the TD-CDMA MBSFN receiver would typically implement equalisers, the fundamental signal processing algorithms for the two systems can be considered as similar. However the Ericsson DOB receiver has to dimensioned to perform signal processing 100% of the time whereas the TD-CDMA MBSFN receiver is only required to perform signal processing operations for 20% of the frame. Hence it is expected that the complexity of a TD-CDMA MBSFN receiver will be less than that of an Ericsson DOB receiver.

4 Initial Synchronisation, Cell search and neighbour search issues

The structure of the SCH differs between TDD and FDD (see Figure 1 and Figure 2 below taken from 25.211 and 25.221 respectively). In both cases, the SCH consists of a PSC and a SSC. The PSC and SSC sequences used in TDD are the same as those used in FDD, however the time-repetition pattern of the SCH is different (see Figure 1 and Figure 2 below). This will cause significant backwards compatibility problems for TDD UEs conforming to earlier releases.

Existing TDD UEs will be unaware that a different air-interface is being used in spectrum licensed for TDD use and may attempt to synchronise on a TDD carrier that is being used for the proposed TDD-DOB system. Such a UE will attempt initial cell search on the carrier by attempting to detect the PSC. Because the PSC sequences used in TDD and the new proposal are the same, the UE will obtain valid correlations. In the second stage of cell-search, SSC decoding will be attempted, and this algorithm will most likely fail or return incorrect code group information. Depending on the outcome of stage 2, the synchronisation procedure may continue to stage 3 and attempt to decode PCCPCH, at which point the UE will finally fail.

However, because the FDD-based proposal sends SCH every timeslot, and the TDD system sends SCH once (at most twice) per frame, the TDD UE may falsely detect that 15 cells are present, and hence it may try the synchronisation procedure at least 15 times before realising that no service is available. This represents an unacceptable impact on the performance and behaviour of TDD modems conforming to earlier releases. In contrast, a broadcast system based on TDD technology will automatically be backwards compatible. Hence DoB should not be permitted in TDD spectrum.
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Figure 1 - PSC / SSC structure for FDD (from 25.211)
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Figure 2 - PSC / SSC structure for FDD (from 25.221)
5 Emissions issues

An overview document [7] has been presented for the DOB option which describes the method by which WCDMA is proposed to be inserted into the TDD specifications (basically by cross-referencing the FDD set of specifications). This document does not cover RAN4 related issues.

Given that a DOB carrier in TDD spectrum will have to coexist with adjacent unicast TDD carriers and / or FDD uplink carriers nearby frequencies, it is assumed that the RAN4 TDD DOB specifications would not be able to reference FDD specifications and that the TDD DOB system would have to satisfy existing UTRA TDD specifications. There would be a need for a study on the feasibility and implications of a WCDMA carrier having to meet existing UTRA TDD specifications in the light of the fundamental differences between the WCDMA and UTRA TDD waveforms.
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the UE is only required to decode the one timeslot per frame carrying its MBMS service








