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1. Introduction 

　This contribution shows two problems related to DL VoIP packet transmission in the EUTRAN. They both are attributed to the cell-specific(or cell-group-specific) MBMS data transmission in unicast/multicast mixed cells. 

2. Two problems in VoIP packet transmission in mixed cells
2.1  VoIP packet transmission in long-CP sub-frames in mixed cells

It is thought that the efficient way of transmitting VoIP packets is employing the concept of persistent scheduling and/or group scheduling.  This is because the VoIP packet payload is relatively large compared to  its associated L1 control signal, the voice communication is continuous and voice waveforms are periodically voice-encoded. And the application of frequency selective scheduling to the VoIP transmission is inefficient as the overhead due to the DL scheduling information(i.e. resource allocation indication) and CQI reporting per a VoIP packet is NOT negligible for the small size of a VoIP packet.

 In mixed cells, short-CP and long-CP sub-frames are time-division-multiplexed in the same carrier. The long-CP sub-frames appear in the DL carrier regularly and also irregularly(with advance notification).  If a long-CP sub-frame happens to appear in a sub-frame position where VoIP packets for any UE are transmitted and the transmission of the VoIP packets for the UE is based on persistent scheduling, the VoIP packet which has been expected to appear here has to be transmitted in this long-CP sub-frame.  If not, the VoIP packet transmission under persistent scheduling cannot be continuous or persistent while long-CP sub-frames are transmitted. Otherwise, the scheduler has to carry out flexible scheduling(or semi-static persistent scheduling) for VoIP packets, considering the long-CP sub-frame transmission at irregular time interval.

Figures 1 through 4 explain with examples the problems. Figures 1 and 2 are paired and show one problem. And Figures 3 and 4 are paired and show other problem.

In Figure 1, VoIP packets for each UE are transmitted under a persistent scheduling. In Figure 2, a LongCP sub-frame is inserted in the place where a VoIP packet for UE4 is supposed to be transmitted. The question here is if the VoIP packet for UE4 should be transmitted in this long-CP sub-frame.

In Figure 3, for simple explanation, VoIP packets for only one UE are illustrated. VoIP packets for any UE are transmitted with synchronous HARQ or time-domain repetition. In Figure 4, a LongCP sub-frame is inserted in the place where the VoIP packet for UE1 is repeatedly transmitted or may be re-transmitted. The same question as in Figures 1 and 2 raises here.
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Figure 1
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Figure 2
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Figure 3
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Figure 4
Suggestion: Real-time (RT) data, especially VoIP packets under persistent scheduling, should be transmitted in long-CP sub-frames as well as in short-CP sub-frames.

2.2  where VoIP packets should be transmitted in the frequency domain
 An example in Figure 5 shows how cell-group specific E-MBMS data are transmitted.
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Figure 5
 In Figure 5, each MBMS data is transmitted in the cell where any UE there subscribes to the data. MBMS data#1 is transmitted from eNodeB#1 and #2. And MBMS data #2 is from eNodeB #2 and #3. Each MBMS data has to be transmitted at the same timing and in the same frequency sub-bands for over-the-air RF soft combining at each MBMS data’s subscriber UEs. This implies the MBMS data transmission needs a centralised control. Figure 6 shows a concept of centralised control of cell-specific MBMS data transmission scheduling.

It is noted what are shown in Figures 5 and 6 are according to current RAN2/3 working assumptions.
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Figure 6
Figure 7 shows a case where the same cell-group-specific MBMS data (MBMS data #1) is transmitted from 3 eNodeBs(#1 to #3).


[image: image7.wmf]UE1

MBMS data#1

MBMS data#1

MBMS data#1

same data

eNodeB#1 cell

eNodeB#2 cell

eNodeB#3 cell


Figure 7
Assuming that each eNodeB is using different frequency sub-bands for DL VoIP packets transmission as shown in Figure 8, there seems to be one problem. For easy explanation, it is assumed that there are three sub-bands in the DL of each eNodeB cell.
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Figure 8
     One problem is how the MBMS service coordinator can manage to find appropriate sub-bands and timing for the transmission of MBMS data #1. One possible solution is shown in Figure 9.
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Figure 9
     As shown in Figure 9, if each eNodeB uses the same frequency sub-bands for the transmission of DL VoIP packets, the MBMS service coordinator can more easily find appropriate radio resources for cell-specific(or cell-group-specific) MBMS data transmission.

The problem shown in Figures 7 through 9 gets more serious as the number of different MBMS data transmitted at the same timing increases.

Suggestion:　To ease the management of cell-specific(or cell-group-specific) MBMS data transmission, eNodeBs should use the same(not necessarily quite same) frequency sub-bands for DL VoIP packet transmission.

3. Conclusion

　In this contribution, two problems are shown which are relevant to DL VoIP packet transmission in the EUTRAN unicast/multicast mixed cells. They both are attributed to the cell-specific(or cell-group-specific) MBMS data transmission in the mixed cells. The suggestions shown are not necessarily standardised. However, it is advised they be kept in mind.
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