3GPP TSG-RAN WG1 Meeting #46                                          
R1-062268
Tallinn, Estonia

August 28 – September 1, 2006 

Agenda Item:
7.3
Source: 
Ericsson 
Title: 
Dedicated MBMS Carrier Using Common Transmitted Waveforms
Document for:
Discussion and Decision
1
Introduction

MBMS as part of the 3GPP Release 6 specifications uses diversity techniques such as soft combing or selection combining for efficient transfer of data (e.g. multimedia contents) to multiple users in a point-to-multipoint fashion. 
In this contribution, we propose to further improve the spectral efficiency of MBMS bearers in a WCDMA network by dedicating a carrier for providing a number of MBMS physical channels, e.g., the Secondary Common Control Physical Channels (S-CCPCH’s). Unlike the conventional physical channels which are scrambled by cell-specific scrambling codes, we propose that the physical channels on this dedicated carrier be scrambled by a common scrambling code and that the same channelization code be used in spreading the same MBMS content channel at different base stations. The proposed scheme results in the same base station signal for the multiple base stations broadcasting the same set of MBMS content channels, where all involved base stations synchronize the transmit timing on this dedicated carrier on chip level. 
We will show that the proposed scheme improves the spectral efficiency of MBMS bearers in a WCDMA network significantly, because inter-cell interference is largely avoided and differences in propagation delays appear as intra-cell interference which in turn can be efficiently suppressed by a type 2 receiver. 
Thus, there is a fundamental similarity to an OFDM based transmission using a cyclic prefix for intra-cell interference suppression and the SFN synchronized transmission principle. The main difference is that the type 2 receiver in a WCDMA system removes intra-cell interference, while the cyclic prefix in an OFDM based system avoids intra-cell interference.
2
Main principles and aspects of a dedicated MBMS carrier with a common transmitted waveform
In WCDMA downlink, all the physical channels of a cell, except for the synchronization channels, are scrambled by cell-specific primary or secondary scrambling codes. While scrambling codes are used to differentiate cells, orthogonal spreading is used to separate multiple code-division multiplexed channels within a cell. With orthogonal spreading, a receiver does not experience own-cell interference when the base station signal travels through a flat channel. Own-cell orthogonality is lost however in dispersive channels, resulting in degraded receiver sensitivity. In dispersive channels, the type 2 receiver (e.g., linear MMSE chip equalizer (LMMSE CE), or the generalized Rake receiver, G-Rake) was shown effective in mitigating own-cell interference [2]. If the receiver is limited by own-cell interference only, a type 2 receiver may asymptotically become a zero-forcing equalizer when it has infinite taps or fingers. A zero-forcing equalizer will undo the channel and thus remove own-cell interference. Due to lack of signal orthogonality, a type 2 receiver does not suppress other-cell interference as effectively as it does to own-cell interference. When other-cell interference is contributed by a large number of base stations, other-cell interference becomes almost white Gaussian. (There is only slight coloration due to the chip waveform.) When the receiver is limited by white Gaussian noise only, the performance of the type 2 receiver is the same as the conventional Rake receiver. If the receiver experiences mixed own-cell interference, other-cell interference, and white noise, LMMSE CE and G-Rake achieve the best tradeoff of interference suppression and collecting the signal energy, and at the end maximizes the signal-to-interference-plus-noise-ratio (SINR). 
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Figure 1: Principle of MBMS transmission with a common transmitted waveform

When different base station uses the same waveform to send a common set of MBMS content channels, the received signal is then the same as that for a single-source transmitted signal traveling through a heavily dispersive channel, where each path corresponds to a signal path between a base station transmitter and the receiver. In this case, other-cell interference shares the same orthogonal properties as the own-cell signals. As a result, a zero-forcing equalizer not only collects the signal energy contributed by the multiple base station signals, but also gets rid of interference arising due to multipaths and transmission from multiple base stations. This boosts the spectral efficiency of MBMS in a WCDMA network significantly. 
The proposed scheme is similar to the MBMS SFN operation in LTE, which uses the same transmit waveform and subcarriers in multiple cells to send a common MBMS content. The SFN operation also requires the signal be transmitted at the same time by multiple eNode Bs.
2.1
Proposed Channel Structure
An exemplary channel structure is illustrated in Figure 2. On carrier 1, the cell-specific scrambling codes are applied to a number of code-division multiplexed channels. As shown, base stations 1 and 2 use scrambling code numbered 0 and 16 on carrier 1, respectively. According to our proposal, a carrier is dedicated to providing MBMS services, and on this carrier, a common scrambling code is shared by all the base stations. In the example, the scrambling code numbered 8 is used. Multiple MBMS physical channels can be code-division multiplexed on this dedicated carrier. However, the same channelization code is used in all the base stations to transmit the same MBMS content channel. Similar to the SFN operation in LTE, we propose that the same MBMS channel be transmitted by multiple base stations at the exactly same time. This will reduce the receiver buffer size requirements and receiver complexity.
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Figure 2: An example of physical channel structure according to the proposed MBMS transmission scheme.
2.2
Received Signal and Equivalent Channel Response
According to the proposed scheme, each base station uses the same waveform to transmit a common MBMS signal. The transmitted signals from different base stations may experience different propagation delays and fading amplitudes as illustrated in Fig. 3. However, to the receiver, the received signal is equivalent to a single transmitted signal passing through a dispersive channel shown in Fig. 4.
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Figure 3: channel impulse responses for different base station signals.
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Figure 4: Equivalent impulse response representing a received signal contributed by multiple base stations sending the same transmit waveform.
2.3
Type 2 and Type 3 Receivers

The type 2 receiver (LMMSE) is a linear single-user receiver capable of suppressing interference. The type 2 receiver has been shown to be effective in mitigating own-cell interference arising due to multipaths [2]. If the useful signals from multiple base stations dominate the received signal, the type 2 receiver may equalize the equivalent channel shown in Figure 4 to improve performance. This can be achieved by placing taps on a grid covering all the multipaths as illustrated in Fig. 5. Note that the multipath delays can be found by correlating with the common pilot channel on the dedicated carrier. Also, the covariance matrix required for formulating the tap coefficients can be estimated from the received signal. The type 3 receiver is a two-antenna implementation of a type 2 receiver.
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Figur 5: Tap delays for a type 2 receiver covering the multipaths of the composite MBMS signal.

2.4
Other Considerations

To access this carrier, a mobile can first make cell search on a Rel6 carrier and be time and code synchronized to a Rel6 cell. Then, a higher layer signaling can provide the code, frequency and timing information about the dedicated MBMS carriers. The timing information tells the mobile the relative time offset between, e.g., P-CCPCH timing and the timing on the new carrier. Note that this timing offset most likely will not change much over a long time and thus it is suffice to transmit such information with a low update rate. Other information, e.g. paging, mobility measurements or similar, can be obtained from the (non-MBMS dedicated) Rel6 carrier using the same principles as defined for Rel6 MBMS, i.e. DRX.  

2.5
Impacts on Layer 1 Specifications

We see only minor changes in the L1 specifications in order to accommodate the proposed MBMS transmission scheme.
1. The time relationship between P-CCPCH and the dedicated MBMS carrier may need to be defined in 25.211
2. In 25.211 it should be mentioned that there is no SCH on the dedicated MBMS carrier. Thus, a mobile is required to acquire synchronization to the MBMS carrier through synchronization to Rel6 carriers and reading the broadcast code, frequency and timing information of the carrier.
3. Allow multiple dedicated MBMS cells to use the same primary scrambling code.
3
System Level Performance
We use system-level simulations to study the benefit of using the proposed MBMS transmission scheme. In our simulations we consider a system of 18 base station sites, each serving 3 cells. The site-to-site distance is 2800 m. We assume the path loss is 128.1+37.6*log(r) in dB, where r is the distance in km from the mobile to the base station.  The shadowing loss is log-normal with a standard deviation of 8 dB.  To simplify our analysis, we assume that all the radio links have the same power delay profile as the Vehicular A channel of [2]. The receiver is assumed to operate at 9 dB noise figure. The transmit power of the base station is limited to 20 watt per carrier per cell. All the mobiles in the system are moving at 3 km/h. We consider both Rake and G-Rake (type 2) receivers, and both 1-antenna and 2-antenna receivers (type 1, type 3).
In Figs. 6 and 7, we plot outage probability versus power allocation factors (transmit Ec/Ior) for a 64 kbps bearer. Here, the outage probability is defined as the percentage of the received frames having BLER higher than 1%, averaged over fading realizations and over receiver locations. Results for users with one receive antenna is shown in Fig. 6. If we target 5% outage, the required Ec/Ior for a Rake receiver soft-combining 3 radio links (RLs) is -13.2 dB. For G-Rake, the required Ec/Ior reduces marginally to -13.5 dB. This is because the performance is limited by users at the edge of a cell and for those users other-cell interference limits performance. Using the proposed common transmit waveform for MBMS, other-cell interference behaves like own-cell interference. In this case significant gain can be achieved by type 2 receivers, e.g. implemented as a G-Rake. With a common transmit waveform, the number of radio links that can be combined and equalized depends on receiver capabilities, e.g., number of fingers and amount of receiver buffer. If the receiver has infinite complexity, it can combine and equalize all the paths from every radio link in the system. In a practical implementation the number of paths that can be combined and equalized is limited, which is similar to the limitation of the cyclic prefix in an OFDM based system to an assumed maximum time dispersion. Considering a receiver with reasonable complexity, we show results with 3 and 7 RLs. The case of 7 RLs corresponds to the case where the receiver has enough fingers to process the first tier of base stations. With synchronized transmit timing, we expect the largest differential delays among the 1st tier base station signals would correspond to the site-to-site distance. For 2800 m site-to-site distance, the largest difference delay is around 36 chip intervals. From Fig. 6, using a common transmit waveform, the required Ec/Ior for G-Rake is -14.3 dB and -17.5 dB for equalizing 3 and 7 RLs, respectively.
Results for receivers with two receive antennas are shown in Fig. 7. The required Ec/Ior for the various receivers are -16.4 dB for Rake and -16.8 dB for G-Rake per release 6 with 3 RLs. Using the proposed common transmit waveform, the required Ec/Ior for G-Rake is -18.3 dB and -21.7 dB for equalizing 3 and 7 RLs, respectively.
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Figure 6: Outage probability for a 64 kbps MBMS bearer in the Vehicular A channel, 3 km/h. (single receive antenna)
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Figure 7: Outage probability for a 64 kbps MBMS bearer in the Vehicular A channel, 3 km/h. (two receive antennas)
Table 1 below projects the resulting MBMS capacity and spectrum efficiency when using 90% of the cell power for MBMS transmission (assuming 10% CPICH power, 1% BLER, 5% outage). It can be seen that due to the significant improvement in power efficiency, the system starts to become code limited with increasing number of combined cells. For spectrum efficiencies beyond 1b/s/Hz we suggest that e.g. 16QAM might be considered for the S-CCPCH.
Table 1: MBMS capacity and spectrum efficiency using 90% of the cell power

	
	MBMS capacity & spectrum efficiency with 3 RLs
	MBMS capacity & spectrum efficiency with 7 RLs

	Type 2 Receiver
	1.536 Mbps
	3.2 Mbps

	
	0.3 b/s/Hz
	0.64 b/s/Hz

	Type 3 Receiver
	3.891 Mbps
	8.519 Mbps

	
	0.78 b/s/Hz
	1.7 b/s/Hz


4
Conclusion

We have analyzed the impact on the physical layer and the performance enhancement for MBMS relative to Rel6 performance, and demonstrated a significant improvement relative to the performance with Rel’6 soft combining of three radio links. Using a type 3 receiver and an MBMS transmission on a dedicated carrier with a common waveform, a spectrum efficiency of 1b/s/Hz is achievable. We consider that the introduction of the scheme is feasible, as the impact on L1 specifications and on the UE & NodeB complexity is rather limited. 
We propose that RAN1 concludes that the gain and feasibility of the described MBMS transmission with a common transmitted waveform motivate the introduction of this feature. 
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