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1. Introduction

In last RAN1 meeting, there was a discussion on multiplexing method of MBMS data and unicast data in EUTRA downlink [1]. In this paper, we discuss the possible options for the multiplexing of MBMS and unicast data, and suggest a way forward.

2. Multiplexing MBMS and unicast data

2.1 Options for multiplexing of MBMS and unicast data 

(Opt.1) MBMS transmission in a separate sub-frame from the unicast transmission.

One simple way for multiplexing MBMS and unicast is to use separate sub-frames in transmitting MBMS data and unicast data. In this option, one whole sub-frame is dedicated to a MBMS data transmission, which is illustrated in figure 1(a). The sub-frame for MBMS transmission could be scheduled in a semi-static manner or dynamic manner.

(Opt.2) MBMS transmission multiplexed with unicast transmission within a sub-frame

Considering the amount of available downlink resource in a sub-frame can be large, for example, approximately 12,000 (for QPSK) or 24,000 (for 16QAM) channel bits in case of 20 MHz bandwidth, sub-frame-based multiplexing could introduce a delay in MBMS transmission (to wait until enough amount of MBMS data arrives in MAC buffer to fill a sub-frame) or waste of downlink resource (if excessive redundancy bits are transmitted to fill a sub-frame). Therefore, multiplexing MBMS transmission with unicast transmission within a sub-frame should be also considered, which is illustrated in figure 1(b). The way of multiplexing may be same or similar with the multiplexing of unicast data, that is, FDM, TDM or by using different time-frequency hopping pattern. In addition, applying same multiplexing rule with unicast transmission to MBMS transmission will make it possible to apply an interference coordination strategy to MBMS transmission as well as unicast transmission.
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(a) multiplexing MBMS and unicast transmission using different sub-frames
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(b) multiplexing MBMS and unicast transmission within a sub-frame

Figure 1. Options of multiplexing MBMS and unicast transmission

2.2 Pilot structure for RF-combining of multi-cell MBMS transmission

When network timing is synchronized between neighbour cells, RF-combining can be applied to MBMS reception to obtain a macro diversity. 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 operation. 

In case of using separate sub-frames for MBMS transmission and unicast transmission, different pilot signals can be used between MBMS transmission and unicast transmission in a cell. That is, cell-specific pilot signal is transmitted in a sub-frame for unicast transmission and pilot signal identical among neighbour cells is transmitted in a sub-frame for MBMS transmission, which is illustrated in figure 2. This allows RF-combining at UE side for both pilot and data parts. 
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Figure 2. Pilot structure when MBMS and unicast data are transmitted in separate sub-frames

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

(Opt.1) Using additional pilot signals for demodulation of MBMS data

In this option, additional pilot signals are transmitted for the demodulation of MBMS data in a sub-frame which contains MBMS data. The additional pilot signal is identical 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 3(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. 

 (Opt.2) Using pilot signals for unicast data in demodulation of MBMS 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 3(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 values results in an increased interference level in the final channel estimation value.

- UE can only combine the MBMS transmissions from known cells since it should identify the cells of which pilot it should demodulate

In addition, there should be some kind of RLS management since UE should know the cells which it should include in RF combining of MBMS data.
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        (a) with additional pilot signal                                (b) without additional pilot signal

Figure 3. Pilot structure when MBMS and unicast data are multiplexed in a sub-frame

To provide a basic insight into the effect of pilot structure option 1 and 2 on the demodulation performance, we show the link simulation results in figure 4. 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 4, 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 pilot signal for MBMS demodulation is desirable in case of multiplexing MBMS and unicast data in a sub-frame.

[image: image6.emf]1.E-03

1.E-02

1.E-01

1.E+00

-8 -4 0 4

SNR [dB]

BLER

Disjoint pilot

Identical pilot

QPSK

16QAM

      [image: image7.emf]1.E-03

1.E-02

1.E-01

1.E+00

-8 -4 0 4

SNR [dB]

BLER

Disjoint pilot

Identical pilot

QPSK

16QAM


(a) Pedestrian B, 3 km/hr                                                   (b) Vehicular B, 60 km/hr

Figure 4. BLER performances of multi-cell reception with disjoint pilot and identical pilot

3. Conclusions

We summarize the discussion in this paper as follows.

· Multiplexing MBMS and unicast data in a sub-frame should be considered for efficient downlink resource management, as well as multiplexing MBMS and unicast data in separate sub-frames.

· Additional pilot signals for RF-combining of multi-cell MBMS transmission should be considered when multiplexing MBMS and unicast data in a sub-frame.
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