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1. Introduction 

　This contribution addresses some issues related to the DL EUTRA long-CP sub-frame for the multicast/broadcast service data transmission in mixed cells.

2. What data are transmitted on DL long-CP sub-frames in mixed cells?
  The downlink long-CP sub-frame has 6 OFDM symbols per 0.5 ms while the short-CP sub-frames 7 OFDM symbols [1]. For the same transmission bandwidth and the same MCS, the long-CP sub-frame has smaller amount of available bits than the short-CP sub-frame as they consist of the same number of sub-carriers.
 If two OFDM symbols are reserved for reference symbols and control signals in both the sub-frames, the long-CP sub-frame carries less amount of data per a sub-frame. 

   The purposes of use of long-CP sub-frames in the EUTRA downlink are for the convey of cell-common(and cell-group common) multicast/broadcast service data (hereinafter referred to as E-MBMS data) and for use in large cells in which the cyclic prefix duration of short-CP sub-frame is not  long enough to mitigate the effect of long-delayed multi-paths.

  The discussion here assumes the case of long-CP sub-frames being used for the E-MBMS data transmission in mixed cells where short-CP and long-CP sub-frames are time-division-multiplexed in the same carrier.

It is clearly inefficient to transmit ordinary non-real-time (NRT) data on long-CP sub-frames unless they are experiencing much repeated re-transmission and/or are for UEs near the cell edges. So the ordinary NRT user data should be transmitted over short-CP sub-frames rather than long-CP sub-frames. Considering the purpose of use of long-CP sub-frames in mixed cells and the efficiency of radio resource use, the long-CP sub-frames should transmit as much E-MBMS data as possible. It is noted that this is not the case if only packs of E-MBMS data cannot fill a long-CP sub-frame at a time when to need to transmit the long-CP sub-frame.

 Real-time (RT) data, especially VoIP packets under persistent scheduling, should be transmitted on long-CP sub-frames. 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 for VoIP packets, considering the transmission of long-CP sub-frames.

How about unicast data in re-transmission?   The current working assumption being DL asynchronous HARQ may allow the “re-transmission” data not to be transmitted on the long-CP sub-frame but to be transmitted on a previous or succeeding short-CP sub-frame. However, this is not strict. Whether or not to transmit unicast data in re-transmission on a long-CP sub-frame may depend on the load due to E-MBMS data, RT data and important (“has-to-be-transmitted-here-anyway!”) NRT data on the long-CP sub-frame. This can be left to the scheduler/radio resource management functional entity (and the E-MBMS service coordinator in the eNodeB/aGW).

    Suggestion:  

1) A long-CP sub-frame in a mixed cell should carry RT data in need of transmission there, specifically VoIP packet under persistent scheduling, and as much MBMS data as possible.

2)  A long-CP sub-frame in a mixed cell should refrain from carrying unicast NRT data unless they are in much repeated re-transmission or there is no room to carry the unicast NRT data. However, this is not the case for the system bandwidth of 15MHz or 20MHz.

3. What L1/L2 control signals are transmitted on DL long-CP sub-frames in mixed cells?

  The discussion on DL L1/L2 control signaling at past RAN1 meetings focused mostly on the case of short-CP sub-frame. Little was done for long-CP sub-frame.

The discussion from here onward assumes that the long-CP sub-frame can have different control signaling field for the E-MBMS transmission in mixed cells and the use in large cells respectively.

For the highly efficient E-MBMS data transmission, the amount of control signals carried on the long-CP sub-frame should be minimized to an acceptable level. It may be worth considering that only one OFDM symbol (and additionally some sub-bands in another OFDM symbol) on the long-CP sub-frame is used for L1/L2 control signaling. In this case, the area for the control signals on the “reduced-area-for-control-signal” long-CP sub-frame is smaller than that of “normal” long-CP sub-frame. A question here is what control signals should be transmitted on the long-CP sub-frame with smaller area usable for control signals. 

Such control signals may be MCCH, some control signals associated with E-MBMS data, DL scheduling information for RT and NRT unicast data, ACK/NACK in response to UL transmission and UL scheduling grant. However, the overhead due to the DL scheduling information for NRT unicast data and the UL scheduling grant can be reduced by employing the following approaches.

     1)  Keep the number of NRT unicast data on the long-CP sub-frame smallest as possible.   This is discussed in Section 2.

     2)   Allow for the UL sub-frame in response to the DL long-CP sub-frame to be used as e.g. extra random access slots (Figure 1). 

Note that all the part (the UL entire system transmission band) of the UL sub-frame in response to the DL long-CP sub-frame are not necessarily used only for RACH burst transmission, especially in the case of system bandwidth of 15 MHz or 20 MHz. Ideally, if all the part of the UL sub-frame are allowed for RACH transmission, UL scheduling grant may not have to be transmitted on the long-CP sub-frame. In reality, some parts (some sub-bands) are reserved for UL re-transmission data in sync/adaptive HARQ operation and some control signals.  
Each UE is in advance informed of the time when to transmit DL long-CP sub-frames via DL common control signals. Therefore, each UE can utilise the extra slots for its RACH burst transmission in addition to regular random access slots. Whether this approach is adopted or not, the advance information on the transmission timing of long-CP sub-frames may be  necessary in order for UEs to detect CP duration every DL OFDM symbol prior to FFT processing, without blind detection technique. Of course, MBMS service subscriber UEs need the advance information.
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Fig. 1　Example.  The UL sub-frame in response to DL long-CP sub-frame in a mixed cell is used as “extra” random access slot.
             Suggestions: 

                    1)   The long-CP sub-frame for the E-MBMS data transmission in mixed cells may have a reduced area for L1/L2 and MBMS-related control signals.  This is more applicable to the long-CP sub-frame for use in dedicated E-MBMS cells where no unicast data transmission (possibly except for e.g. paging signals) is expected. The reduction in the area for control signals means the increase in the maximum size of area for E-MBMS data on a long-CP sub-frame.
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Fig. 2  Example of long-CP sub-frame for E-MBMS data transmission
                    2)   The long-CP sub-frame for use in large cells where all the DL sub-frames have long CP may have the same(or almost the same) control-signal area as that of short-CP sub-frame.
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Fig. 3  Example of long-CP sub-frame for use in large cells
4. Conclusion

   This contribution addresses some issues related to DL long-CP sub-frames for E-MBMS data transmission.

  The motivation of the shown suggestions is to use long-CP sub-frames for E-MBMS data transmission as efficiently as possible.
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