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1. Introduction

In last RAN1 meetings, there have been several proposals and discussions on multiplexing method of MBMS traffic and unicast traffic in EUTRA downlink [1]-[6]. In this paper, we discuss the possible options for multiplexing MBMS and unicast traffics and suggest a way forward.

2. Multiplexing MBMS and unicast data 
2.1 Frequency domain multiplexing of MBMS and unicast traffics 

There have been two options [1]-[6] proposed for multiplexing MBMS and unicast transmission, that is, time domain multiplexing and frequency domain multiplexing, which are shown in figure 1. In a time domain multiplexing, MBMS traffic and unicast traffic are transmitted via different subframes while MBMS traffic and unicast traffic can be transmitted in a same subframe in a frequency domain multiplexing.
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(a) Multiplexing MBMS and unicast transmission using different subframes
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(b) Frequency multiplexing MBMS and unicast transmission within a subframe

Figure 1. Options of multiplexing MBMS and unicast transmission

As already described in [2][4][5], frequency domain multiplexing of MBMS and unicast traffics provides the following benefits over time domain multiplexing. 

· Flexibility in resource allocation
· Considering a large amount of available downlink resource in a subframe, for example, approximately 24,000 (for 16QAM) channel bits in case of 20 MHz bandwidth, multiplexing MBMS and unicast traffics in a subframe is beneficial for an efficient usage of downlink resource. Moreover, frequency multiplexing of MBMS and unicast traffics will be necessary to handle the MBMS transmission for a UE with a bandwidth capability smaller than cell transmission bandwidth.

· Reduced latency in unicast traffic and downlink control signals
· There can be downlink control signals which involve strict transmit timing restriction. There can be also delay-sensitive unicast traffics. The transmission timing and latency of such transmissions can be guaranteed easily by enabling multiplexing MBMS and unicast traffics in a subframe.
· Efficient Node B transmit power management

· There is a possibility to share the Node B transmit power between unicast and MBMS traffics in case that unicast traffic cannot fully exploit the Node B transmit power due to the interference limited situation, which is described well in [4].
A main drawback of multiplexing MBMS and unicast traffics in a subframe is additional pilot overhead for demodulating both MBMS and unicast traffics [2].  That is, to get the advantage of SFN in MBMS reception, neighbour cells should transmit the same pilot signal which cannot be used in demodulating unicast traffic (see Annex A).  Therefore, both downlink common pilot signal and MBMS dedicated pilot signal should be transmitted in a subframe. However, downlink common pilot may be useful not only for the unicast reception but also for the downlink synchronization, channel quality estimation, etc, and there can be approaches reducing the pilot overhead which should be investigated further. Therefore, we suggest considering the frequency multiplexing of MBMS and unicast traffics as basic assumption of EUTRA.

2.2 Scheduling and control signalling for MBMS transmission 

Assuming frequency multiplexing of MBMS and unicast traffics, there can be three options of scheduling and control signalling for MBMS transmission as follows.

· Option 1:  Resource allocation for MBMS transmission (subframes and frequency band) is predefined for a time period. 
· Sub-option 1:  MCS or multiplexing within the resource pre-allocated to MBMS transmission is predefined for a time period. 
· In this case, MBMS control signalling for each subframe with MBMS transmission is not necessary.
· Sub-option 2:  MCS or multiplexing within the resource pre-allocated to MBMS transmission can vary subframe by subframe.

· In this case, MBMS control signalling (MCS or multiplexing) is necessary for each subframe with MBMS transmission.

· Option 2:  Subframes for MBMS transmission is predefined but the frequency band in those subframes can vary subframe by subframe.

· In this case, MBMS control signalling (allocated frequency band, MCS or multiplexing) is necessary for each subframe with MBMS transmission.

· Option 3:  Resource allocation for MBMS transmission (subframes and frequency band) can vary every subframe freely
· In this case, MBMS control signalling (existence of MBMS transmission, allocated frequency band, MCS or multiplexing) is necessary for every subframe. 

Considering UEs which wake up periodically for MBMS reception, option 3 above doesn’t seem to be meaningful. Regarding option 1 and option 2, further investigation on the benefits and drawbacks is necessary.
2.3 Physical channel mapping of MBMS transmission
In case of frequency multiplexing MBMS and unicast traffics, there could be two options in physical channel mapping of MBMS transmission, that is, distributed allocation and localized allocation in frequency domain. 

· Option 1:  Distributed allocation of MBMS traffic

· In case of distributed allocation, maximum frequency diversity can be obtained which is desirable especially for MBMS traffic since user-specific frequency selective scheduling cannot be performed for MBMS transmission. However, distributed allocation of MBMS traffic requires distributed allocation of MBMS dedicated pilot signal, which leads to the increase in the pilot overhead compared to the localized allocation.
· Option 1:  Localized allocation of MBMS traffic

· In case of localized allocation, achievable frequency diversity gain is smaller compared to the distributed allocation. However, with localized allocation, MBMS dedicated pilot signal need to be allocated only within a localized frequency area, which may decrease the pilot overhead compared to the distributed allocation.
The benefits and drawbacks of above options should be investigated further. Another possibility may be to allow both options for MBMS traffic as well as for unicast traffic.

3. Conclusions

We summarize the discussion in this paper as follows.
· Frequency multiplexing MBMS and unicast traffics in a subframe is suggested as the basic assumption in EUTRA.
· MBMS dedicated pilot additional to the downlink common pilot should be considered when multiplexing MBMS and unicast traffics in a sub-frame.

· Options for scheduling and physical channel mapping of MBMS traffic is to be studied further.

References
[1] R1-051103, “Channel structure for E-UTRA MBMS evaluation,” Qualcomm

[2] R1-051300, “MBMS transmission in E-UTRA,” LG
[3] R1-051336, “Text proposal on MBMS transmission,” LG, Huawei

[4] R1-051342, “Multiplexing of Broadcast and Unicast Traffic,” Samsung

[5] R1-051431, “Multiplexing of Multicast/Broadcast and Unicast Services,” Huawei

[6] R1-051493, “Multiplexing of Multicast/Broadcast and Unicast Services,” Qualcomm
Annex A. SFN reception of MBMS transmission
When network timing is synchronized between neighbour cells, RF-combining can be applied to MBMS reception to obtain macro diversity in SFN. That is, neighbour cells may transmit the same MBMS modulation symbols with an identical time-frequency mapping, so that a UE can combine the multi-cell transmission without additional complexity. 

In case of multiplexing MBMS traffic with unicast traffic within a sub-frame, there can be two options for pilot signal structure to support RF-combining of multi-cell MBMS transmission.

· Option 1:  Using additional MBMS dedicated pilot signal

· In this option, additional MBMS dedicated pilot signal is transmitted for the demodulation of MBMS data in a sub-frame which contains MBMS data. The additional pilot signal is identical in modulation and time-frequency mapping between neighbour cells to enable RF-combining of pilot signals from multiple cells, so that UE doesn’t need to know it is combining MBMS transmissions from multiple cells. This option is illustrated in figure 2(a). The main drawback of this option is increased overhead due to the additional pilot signals. MBMS multiplexing scheme and pilot structure may have to be designed carefully to minimize this overhead. 

· Option 2:  Using common pilot signal used for the demodulation of unicast data

· In this option, a UE is assumed to demodulate pilot signals from neighbour cells separately and estimate the channel response from each cell first, Then, UE combines the estimated channel responses from the neighbour cells to obtain a channel response to be used in demodulation of RF-combined MBMS data part. This option is illustrated in figure 2(b). In this case, MBMS transmission doesn’t require additional pilot signal, but the performance of MBMS data reception degrades because, 

· Combining independent channel estimation results leads to an increased interference and noise level in the final channel estimation result.

· UE can only combine the MBMS transmissions from the limited number of cells in predefined RLS
· In addition, there should be some kind of RLS management in UE side since UE should know the cells which it should include in RF combining of MBMS traffic.
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(a) With additional pilot signal                                (b) Without additional pilot signal

Figure 2.  Pilot structure when MBMS and unicast data are multiplexed in a sub-frame

To provide a basic insight into the effect of pilot structures of option 1 and 2 on the demodulation performance, we show the link simulation results in figure 3. In the simulation, we assumed identical MBMS data is received from two balanced links and observed two different scenarios, one is that two links transmit identical pilot signal and the other is that two links transmit disjoint pilot signals which are orthogonal to each other in frequency domain. Detailed simulation parameters are shown in Table 1.

Table 1. Simulation parameters

	Parameters
	Values

	Modulation
	QPSK, 16QAM

	Channel coding
	Turbo code, R=1/3

	Channel model
	Pedestrian B (3km/h), Vehicular A (60km/h)

	Code block size
	1536 bits (QPSK), 1020 bits (16QAM)

	Resource allocation
	Evenly distributed over the whole bandwidth

	Pilot distribution
	Evenly distributed on first OFDM symbol in a sub-frame

	Pilot overhead
	about 8% overhead

	Channel estimation method
	Linear interpolation

	Antennas
	2Tx (STTD), 2RX (MMSE)


As shown in the figure 3, using different pilot signals from two cells results in about 1 dB loss in SIR compared to the case of using identical pilot signal, which can be interpreted as about 20% loss in transmit energy. The amount of loss will increase as the number of links to be combined increases because the interference level in the final channel estimation value will increase. Moreover, further energy loss will occur because a UE cannot detect all the pilot signals from the neighbour cells which transmit the MBMS data to be RF-combined. Considering these results and the fact that using disjoint pilot involves RLS management in the network, we think that introducing additional MBMS dedicated pilot signal for MBMS demodulation is desirable in case of multiplexing MBMS and unicast traffics in a sub-frame.
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(a) Pedestrian B, 3 km/hr                                                   (b) Vehicular B, 60 km/hr

Figure 3. BLER performances of 2 cell reception with disjoint pilot and identical pilot
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