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1. Introduction
Currently it is open whether the MUX4 is supported in the user plane multiplexing or not. The issue of support of MUX4 is closely related to MIMO discussion in RAN1 and the following table summarize the agreements in Athens meeting regarding on MUX4: 

	
	Non MIMO transmission
	MIMO transmission

	MUX4 in Uplink 
	MUX4 shall not be allowed


	MUX4 can be allowed



	MUX4 in Downlink
	MUX4 may be allowed


	MUX4 can be allowed




This contribution intends to show NEC’s view on the need for MUX4 for the case of downlink non-MIMO scenario. 
2. Discussion
The figure 1 illustrates a snapshot of frequency and time resource allocation for both cases of MUX4 enabled and disabled. Note that this example is a simple one not showing detailed scheduling operations and HARQ procedures. 
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Figure 1: Need for MUX4
A merit of MUX4 shown in this example is the simultaneous transmission of RT, NRT and RRC/NAS packets. This merit of simultaneous transmission becomes more apparent when RT or RRC/NAS arrive at MAC layer while all processors are currently occupied by NRT. Then MAC has to wait until a process becomes available for high priority data for MUX4 disabled case. However, a similar discussion has been already taken place during EUDCH period and it was felt that such a delay would not be significant to have a special handling such as pre-emption. With LTE L1, there will be even shorter TTI length of 0.5 msec, hence there would be more opportunity for high priority transmission for RT and RRC/NAS. In fact, there will be a reservation based scheduling mechanism for RT hence the transmission of RT packets are always guaranteed at pre-defined opportunity.

Another merit of MUX4 shown also in this example is the no-reduction in peak data rate. However it is also possible to support of high data rate without MUX4, e.g. by multiplexing NRT and RT SDUs into a MAC PDU. Current MUX3 in the multiplexing architecture already allows this multiplexing. The difference is that if the multiplexing is done at MUX4 layer, it could be possible to have a separate MCS selection for NRT and RT. In other words, NRT and RT are multiplexed at MUX3, then QoS may have to be set reference to RT which results in less efficient packet transmission. Nonetheless actual reduction of peak rate would be reduced from R6 EUDCH due to the shorten TTI length. For voice of arrival rate of 20msec, R6 EUDCH would require 1 TTI out of 10 TTI to be reserved for voice (without considering retransmission) and LTE would require 1 TTI out of 40 TTI to be reserved for voice (which can be translated to reduction of peak data rate by only 2.5%). 
On the other hand, we see a serious demerit of MUX4 which is the reduced uplink coverage. ACK/NACK reliability has been troublesome since HSDPA due to its criticalness and it was assumed that repetition of ACK/NACK is essential to support the cell edge UE. The MUX4 which may necessitate multiple ACK/NACK would then directly impact the uplink coverage by 3dB. Hence the area where ACK/NACK repetition is required would be increased dramatically. If repetition is used, then the peak data rate would be reduced by 50% which diminishes the merit of MUX4 (keeping peak data rate always) as promised above.
3. Conclusion

NEC proposes RAN2 to adopt 

· it is not needed to have MUX4 in order to support simultaneous transmission of RT, NRT and RRC/NAS for non-MIMO case.
4. Reference: MUX4 in RAN2 TR
This informative figure below is the current UP multiplexing architecture captured in TR 25.813. 
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