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1 Introduction
The Rel-8 DOB proposal is unable to support several features of the existing Rel-7 DL-only broadcast solution.  In this paper we discuss these constraints in a RAN4 context.  It is concluded that:

· the Rel-8 DOB proposal offers no performance advantages over Rel-7 DL-only broadcast (TDD MBSFN)

· there is some degradation in coverage and spectral efficiency

· the complexity of the terminals is increased

· the battery life of the terminals is reduced

2 DRX, power consumption and UE complexity
DRX is important for broadcast services as it enables significant savings in the power consumption of the terminal.  DRX is employed by all leading mobile broadcast solutions.  The basic principle of DRX is shown in Figure 1.
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Figure 1 – principles of burst transmission and DRX
Both Rel-7 TDD MBSFN and DOB support UE DRX via burst-mode transmission.  However, DOB supports DRX only on a TTI-by-TTI basis (receive 1 TTI then DRX n TTIs, referred to as “macro-DRX”) whereas TDD MBSFN supports intra-TTI DRX (referred to as “micro-DRX”).  Macro-DRX unfortunately carries a penalty in terms of UE complexity which is further explained below.

Due to the lack of reception by the UE during “off” TTIs, in macro-DRX the active TTI itself must carry more information bits than for micro-DRX.  For example, the transport block set size for a 512kbps service with 80ms TTI transmitted using macro-DRX with an on:off ratio of 1:1 (50%) is equal to 5120 * 8 * 2 = 81,920 bits.  The corresponding transport block set size for micro-DRX with the same on:off ratio however is equal to only 5120 * 8 = 40,960 bits.

This is shown diagrammatically in Figure 2.  The blue-coloured blocks constitute the volume of data that must be processed as one block (i.e. a TTI) by the UE.  Notice that the blue area in the upper figure is half of that in the lower figure.
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Figure 2 – principles of micro-DRX and macro-DRX
Both the average data rates and the DRX ratios are the same in each case.  However, the block size is doubled for the case of macro-DRX.  This doubling would then be further increased for lower DRX on:off ratios as shown in Figure 3.
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Figure 3 – Effect of DRX on transport block size and UE capability requirements
The consequence of the increased transport block size is that proportionally more RAM is required for storing the channel-coded bits prior to decoding, to perform associated deinterleaving and other receive transport channel processing functions.

Thus, even though the service rate is 512kbps in the previous example, when implemented as 50% duty cycle macro-DRX, many parts of the UE are in-fact then twice as complex as they should be (i.e. they are the same as would be required for a 1.024Mbps-capable UE).  This is reflected in the existing MBSFN UE capability requirements of [1] wherein a DOB-like receiver (FDD MBSFN) is required to support 153,600 channel bits whereas a TDD MBSFN receiver is required to support only 69,696 bits (45% of the DOB receiver value) even though the maximum service rate supported by both is the same (512kbps).  The TDD MBSFN receiver can support this service with DRX duty cycles down to 7.1% whereas the DOB receiver can support only 50% DRX.

Given these considerations, we conclude that RAN WG4 should aim to form an opinion on the required DRX duty cycles for broadcast to enable acceptable battery life whilst bearing in mind the UE complexity.  This is needed to ensure that any additional broadcast solutions standardised by 3GPP remain cost- and performance-competitive against non-3GPP broadcast technologies.
3 PAPR, coverage and spectral efficiency
The existing Rel-7 TDD MBSFN may operate with spreading factors 16 or 1 on the downlink.  SF16 is often used for low-rate control signalling and whenever there is a need to multiplex different users within the same slot at the physical layer.  SF1 may be used (in preference to multiple SF16 codes) for high rate transmission to single (or multiple in the case of p-t-m) users, or for transmission to multiple users on common channels using higher layer multiplexing techniques.

As discussed in section 2, high rate burst transmission allows for lower duty-cycle DRX.  As such, the need to multiplex services within a slot happens only when the services are lower rate than the burst rate of the system (to the cell edge) multiplied by the minimum DRX “on” time fraction (1/15 in this case).  For mobile-TV channel bit rates, it is often the case that SF1 can be selected for transmission of a service.  At lower data rates, either CDMA transmission or SF1 with higher layer multiplexing of services can be used.

The primary advantage of SF1 over its CDM (multicode) counterpart is that the peak-to-average power ratio (PAPR) of the transmitted signal may be significantly reduced and hence allows for a higher mean output power from the same Node-B power amplifier.  MBSFN transmission is inherently noise-limited and hence this ability to increase output power translates into significant coverage or capacity gains.
However, the physical layer structure of DOB enforces CDM of control and data, thereby precluding the use of lower spreading factors (including SF1) for MTCH transmission on S-CCPCH.  It is therefore the case that DOB is unable to take advantage of the lower PAPR offered by reduced spreading factors.

[2] indicates that the potentially-available power increase applies for both QPSK and 16-QAM modulation and for various service rates.  It varies between 2.1dB and 3.5dB when comparing Rel-7 TDD MBSFN to DOB.  For a comparison using a similar number of 256kbps services per cell an available power increase of 2.4dB (QPSK) and 2.1dB (16-QAM) was observed.  The increase in receiver SNIR (and corresponding increase in inter-site distance for a given SNIR/bearer rate) can be seen in figure 1.  The ISDs are increased by around 15% resulting in cell area increases of the order of 30-35%.
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Figure 4.  SINR vs. Inter-site distance, m.
These coverage gains translate into reduced CAPEX for the operator.  Alternatively, the spectral efficiency may be increased whilst maintaining the same ISD.  These gains are a function of modulation and coderate but are summarised in Table 1 for the 256kbps service scenario.  They can be seen to be substantial (of the order of 30%).

	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 1.  Increase in C/I and spectral efficiency for fixed inter-site distance resulting from lower PAPR.
Comments provided in [3] suggest that the cubic metric used in [2] is not an appropriate metric for the Node-B.  It should however be fairly clear that there will be significant PAPR benefits from SF1 transmission of S-CCPCH carrying MTCH when compared to the imposed multi-code of DOB.  Nonetheless, it would perhaps be a worthwhile exercise for RAN4 to investigate an appropriate metric for the Node-B and hence to evaluate the exact magnitude of the coverage and spectral efficiency gains.
We conclude in this section that DOB suffers from a potential (and approximate) 30% reduction in coverage and spectral efficiency compared to the existing Rel-7 DL-only broadcast solution for unpaired spectrum.
4 Conclusion

This paper has analysed technical aspects of the DOB proposal and has concluded that:
· DRX:

· The DOB proposal is limited in terms of DRX applicability due to the UE complexity increase associated with DRX implementation in DOB.  This is likely to have considerable impact on UE battery life.

· The existing Rel-7 broadcast solution for unpaired spectrum does not suffer from UE complexity increase with lowering DRX duty cycle, and hence can support far lower DRX duty cycles for the same service rate

· UE complexity

· The DOB proposal requires approximately double the UE transport channel processing RAM compared to the existing Rel-7 DL-only broadcast solution (and with worse DRX cycle)
· PAPR/coverage/spectral efficiency

· The DOB proposal suffers from 30% coverage or spectral efficiency loss compared to the existing Rel-7 DL-only broadcast solution due to increased PAPR at the Node-B.

We believe that RAN should be made aware of these issues and recommend that the draft LS in [4] be sent.
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