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1. Introduction

In previous meeting in Kobe, following was agreed.

Multiple UEs can be allocated dedicated uplink feedback channels identical to those used in unicast transmission, which enables them to report HARQ Ack/Nack and CQI. Where such a feedback mechanism is configured, AMC is applied, and HARQ retransmissions are made on DL-SCH using a group (service specific) RNTI in a time frame that is co-ordinated with the original MTCH transmission. All UEs are able to receive the retransmissions and combine them with the original transmissions at the HARQ level.
Using such HARQ retransmission, user satisfaction will be enhanced. But, because Multicast service or Broadcast service is not tailored to a specific UE, there always exists some possibility that some UEs fails to receive some part of MBMS data.
In case of mobile TV service, this can be tolerable because loss of one data block will just black out the screen temporarily. Quality can be sacrificed to delay requirement in case of real-time service. But for non-real-time service such as a file download service, one missing data block will make the other correctly received data block useless. 
In this document we discuss a mechanism called Active Recovery of MBMS Data which can be used to improve quality of service provided over PTM radio bearer.
2. Discussion
2.1 Data Recovery in L2
Even missing one data block over the radio has bad impact on quality for a file download type MBMS service. For example, in case of a ticker-type service or FTP download, every data block has important piece of information and missing one of them may not be tolerable. Even in case of a real-time service, if a UE fails to receive a full header packet, subsequent data packets that are correctly received will be useless until next full header packet is received. 

Accordingly, for some services, the loss of even one data block should be prevented as much as possible. One easy way to guarantee the quality of MBMS service is that when a UE misses a MBMS data block, eNB retransmits the missing MBMS data block. In some way, this is similar to the way how the AM RLC entity operates. I.e., when the receiver reports that it did not received some data block, the transmitter re-transmits the reported data block for recovery. 

By the way, one can argue that HARQ mechanism can reduce the block error rate to some degree. But HARQ retransmission can not entirely remove a possibility of unsuccessful decoding of one MBMS data block. And the delay requirement and the reliability issue on the feedback channel will make the cost for the HARQ retransmission very high. Thus L2 level mechanism is necessary regardless of whether HARQ retransmission is used for a MBMS service or not.

Conclusion

Data retransmission for MBMS can be performed also in L2

2.2.1 Data Recovery in L2

Here, we describe an active recovery mechanism which recovers a missing MBMS data in a UE. Basically, when a UE which is receiving a MBMS service detects that it has missed some part of MBMS data, it sends a request for a retransmission of the missing MBMS data block. The detection of a missing data block can be done by using either PDCP SN or RLC SN. Following figure 1 shows the mechanism.
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Fig 1 On-time Active Data Recovery by Error Report
In figure 1, when the UE receives MBMS data block 3 after receiving MBMS data block 1, it knows that it has missed the reception of MBMS data block 2. To recover MBMS data block 2, the UE transmits Error Report message that indicates the failed reception of MBMS data block 2. After receiving the report from the UE, the eNB retransmits the MBMS data block 2. With this way, the UE does not miss any MBMS data.
2.2.2 Off-time Recovery

In some case when a UE is receiving both MBMS and Unicast data simultaneously, the burden on the processing will be quite big. Then, rather than performing recovery while the eNB is transmitting, it may be better for the UE to recover the MBMS data after the eNB has finished a MBMS session. This is also beneficial to eNB because the eNB has less flexibility in distributing radio resource during a MBMS session is ongoing.
If eNB can buffer MBMS data stream for a certain time period, eNB can be the central point of data recovery for the MBMS service. Compared to the case when the UE itself has to access to CN for data recovery, MBMS data fixing from eNB can save a lot of signalling over S1 and Data transfer over S1. Additionally, if connection establishment between CN and UE can be skipped, UE context management in CN also can be reduced.
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Fig 2 Proposed Off-time Active MBMS Data Recovery

Figure 2 shows post-session MBMS data recovery mechanism. Following is description of figure 2.
1. Session Start message arrives at eNB from CN. eNB notifies UE of the beginning of a session.
2. eNB configures a PTM MBMS radio bearer to deliver MBMS service.

3. MBMS data is delivered from CN to eNB. eNB transmits this data over the configured MTCH. For later off-line active MBMS data recovery, the eNB also buffers the MBMS data coming from CN.

4. After the session is over, the MTCH radio bearer is released. The UE starts to compile information of missing MBMS data blocks.
5. The UE starts RRC connection establishment procedure.

6. The UE sends Recovery Request message. With this information, eNB knows which data blocks should be retransmitted. The eNB also establishes DTCH to transfer this data blocks to the UE. It is FFS what information the Recovery Request message will include.
7. The eNB transmits the missing data blocks to the UE over the configured DTCH. The UE performs fixing with the received data.

Because this off-line recovery procedure is performed when the session is not ongoing, it is less time limited. In this process, selective re-transmission leads to radio efficient data fixing in UE. Furthermore, it may be easier to allocate radio resource for fixing after session than during session.
2.2.3 On-time Active Recovery

Unlike off-time active recovery, on-time active recovery is performed when a MBMS service is ongoing. In other words, the on-time active recovery is performed in parallel to an ongoing MBMS service. While a UE is receiving a MBMS session, if it detects that it misses some MBMS data block, it request eNB to retransmitted the missing MBMS data block. Because this procedure occurs during a MBMS session, it requires less buffering at eNB compared to the off-time active recovery.
In an on-time active recovery procedure, a separate channel than the configure PTM MBMS bearer should be used. 
First of all, the retransmitted data block is needed only by a UE which missed the data block. The UEs which successfully received the data block at initial try (including HARQ retransmission) over MTCH do not require the L2-retransmitted data block. But if the channel or resource block is not separate between the initial try and second try, this will consume unnecessarily processing resources and battery resources of the UE which already received the data block successfully.

Secondly, if the channel or radio resource is different for the second transmission, more efficient and effective data transmission is possible. Considering the channel condition of the UE which requested the retransmission, the eNB can decide optimal radio resources and a coding for the transmission. This eventually increases the chance of successful data transmission during a recovery procedure. 
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Fig 3 Proposed On-time Active MBMS Data Recovery
In the figure 2, example scenario of proposed on-time Active MBMS Data Recovery procedure is shown. 

1. The MTCH PTM RB information for the MBMS service is delivered over MCCH. The established PTM channel is described as CH 1 in the figure 1. To use active MBMS data recovery procedure, the eNB sets up an additional Radio Bearer with the interested or capable UEs. This second bearer is designated as CH 2.

2. The eNB transmits MBMS Data blocks to the UE at the configured time instance over CH 1. This time instance may be set according to the scheduling decision, considering the characteristic of the MBMS service and the DRX requirement. 

3. When UE 1 misses MBMS data block 2, the UE 1 sends error report to eNB. It is FFS how the UE detects the missing data block in L2 and how the UE transmits the error report. The UE can use either RLC SN or PDCP SN to detect error. The UE can use either RLC or PDCP status report.

4. The eNB decides to retransmit the MBMS data block that is reported as missing by the UE 1. Not to interrupt the regular time instance of MBMS data transmission, the eNB uses CH 2 to transmit this MBMS data block. Because CH 1 and CH 2 are independent, the transmission over CH 2 can be simultaneous with the transmission over CH 1 using different frequency. 

5. The UE 1 receives the MBMS data block 2 over CH 2. Because this channel is not known to other UEs, the UE which does not missed any data is not affected by this transmission.

6. The UE 1 performs a data fixing procedure with the received data block over dedicated channel.

As shown in the figure 3, there is no impact to the UE 2 which has not missed any MBMS data. Because a separate channel is used for the retransmission to the UE 1, resources usage is optimal.
Conclusion

It is proposed to agree to use MBMS active data recovery procedure in L2 for a MBMS that requires error-free transmission such as file or music download type service. And it is further proposed to update TS.
***********************************************************************************************
START of TEXT PROPOSAL

***********************************************************************************************

15.3.2
Single-cell transmission

Single-cell transmission of MBMS is characterized by:

-
MBMS is transmitted only on the coverage of a specific cell;

-
Combining of MBMS transmission from multiple cells is not supported;

-
MTCH and MCCH are mapped on DL-SCH for p-t-m transmission;

-
Scheduling is done by the eNB;

-
Multiple UEs can be allocated dedicated uplink feedback channels identical to those used in unicast transmission, which enables them to report HARQ Ack/Nack and CQI. Where such a feedback mechanism is configured, AMC is applied, and HARQ retransmissions are made on DL-SCH using a group (service specific) RNTI in a time frame that is co-ordinated with the original MTCH transmission. All UEs are able to receive the retransmissions and combine them with the original transmissions at the HARQ level.
-
A UE can be allocated a dedicated logical channel for MBMS, which enables them to receive L2 retransmission. A UE is able to combine the retransmission and original retransmission at the ARQ level.
-
UEs that are allocated a dedicated uplink feedback channel or a dedicated logical channel for MBMS are in RRC_CONNECTED state.
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