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Discussion and Decision
1. Introduction
In this contribution, we discuss open issues related to synchronous scheduling of MBMS user plane data.

2. Discussion
It has been agreed in RAN3 #65 that SYNC sequence is a kind of MBMS data burst, and all these SYNC packets in one SYNC sequence related to a service have the same timestamp [1]. In our understanding, the Timestamp indicates “Relative time value for the starting time of a synchronization sequence within the synchronisation period”[6]. The SYNC sequence length depends on the nature of the MBMS service. Some services may have the data burst length of 40 ms, and some other services 80 ms. Moreover, RAN3 #65 has made a decision that the SYNC entity is per MBMS service [2]. So, it is not necessary to configure the same SYNC sequence length for multiple MBMS services mandatorily. If two MBMS services with different length of data burst are configured to use the same SYNC sequence length, the data in the short data burst must be delayed to transmit unnecessarily, because SYNC sequence length is added in computing the timestamp. Maybe a unique SYNC sequence length could be configured for the MBMS services that are transmitted in the same MCH to simplify the scheduling procedure, but it is only an implementation issue. Additionally, it seems useful to clarify that the SYNC sequence length is configured by OAM. Therefore we propose 
Proposal 1: The SYNC sequence length is configured by OAM per MBMS service.
According to section 7.1B.2.2 in 25.346 [3], the SYNC entity would include two kinds of delay in deciding the timestamp value: the first is maximum transmission delay from BM-SC to the farthermost RNC; the second is the process delay in RAN. So, MBMS data packet should always arrive to every eNB and be ready for transmission before the actual time indicated by the timestamp. This timestamp indicates the earliest time in which eNB could transmit this MBMS data packet. 
Before the beginning of a DSP, the eNB decides all the data packets that should be transmitted in this DSP, and generates the corresponding dynamic scheduling information (DSI). At the beginning of DSP, the eNB transmit the DSI from which UE acquires the location of its interested service and only receive data in the corresponding subframes. Therefore, if the actual time indicated by timestamp locates in the middle of a DSP, the eNB could not transmit this packet in the current DSP. Otherwise, UE would not receive this packet without the help of DSI. The next DSP is the first one in which the eNB could transmit this data packet. Of course, the eNB could also transmit this data packet in a later DSP, but this adds unnecessary delay and complexity.  In figure 1, the blue packet arrives to the eNB, and the timestamp indicates the T1 which is inside the DSP1. This packet is then transmitted in the DSP2.
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Figure 1: Transmitting data packet in the next DSP
So it is proposed: 
Proposal 2: The eNB schedules the received SYNC SDUs in the scheduling period starting immediately after the position indicated by the SYNC timestamp.
After resolving the above, another issue arises: could the MBMS data of one SYNC sequence be transmitted in more than one DSP? According to our analysis, if MBMS data in one SYNC sequence is transmitted in more than one DSP, the loss of consecutive SYNC packets may spread de-synchronization to the next DSPs. The situation becomes worse when the services are multiplexed together. Figure 2 and figure 3 give an example for this case.

Figure 2 describes the normal situation for multiplexing services transmitting when no SYNC packet is lost. MBMS data in one SYNC sequence is transmitted in two DSPs for service 1 and service 2.
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Figure 2 Multiplexing MBMS services transmitting when no SYNC packet is lost

In figure 3, there is a consecutive SYNC packets loss in SYNC sequence 1 of service 1. Thus the eNB can not determine the transmission position of SYNC packets in the SYNC sequence 1 of MBMS service 2 in DSP 1. 

If the packets from SYNC sequence 1 have to be transmitted in DSP 2 or later, the failure of consecutive SYNC packets loss in SYNC sequence 1 will continue to impact MBMS data transmitting of service 1 and service 2 in DSP 2. Similarly, because of uncertainty of MBMS data transmission in DSP 2 for both services, the de-synchronization issue will spread to the subsequent DSP. 
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Figure 3 Multiplexing MBMS services transmitting when consecutive SYNC packet are lost
To avoid de-synchronization problems, we think that MBMS data in a SYNC sequence should be transmitted in a single DSP. In that case, the de-synchronization caused by consecutive SYNC packets loss of one SYNC sequence only impacts on the current DSP.

In case when the eNB receive too much SYNC packets to schedule in the DSP, and if extra packets are postponed to transmit in the next DSP, the de-synchronization problem described above will happen. Therefore, extra/overflowing packets should be dropped by the eNB when they can not be scheduled in the corresponding DSP indicated by the timestamp. Therefore we propose:

Proposal 3: The MBMS data in a SYNC sequence is transmitted in one DSP or dropped by the eNB.
In RAN3 #65b meeting, it has been agreed that dynamic scheduling period length = N * SYNC sequence length, and N is a integer, may be 1. This agreement is coincident with the proposal above. If the DSP length is not the N multiple of SYNC sequence length, the data in the same SYNC sequence may be transmitted in several DSPs, so, more than one DSP would be impacted in case of de-synchronization. On the other side, DSP length is per MCH, and SYNC sequence length is per service, so, it is not necessary to limit the DSP to be the same value with SYNC sequence, i.e. the parameter N could be set to a integer which is larger than 1. Furthermore, the long DSP is benefit to save radio resources. Based on this analysis, it is proper that dynamic scheduling period length = N * SYNC sequence length, and N is a integer. Figure 4 is an example.
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                     Figure 4   the relationship between SYNC sequence and DSP
In figure 4, the DSP length is 1.5 times of SYNC sequence, so, in case of average data rate, the data of SYNC sequence 2 would be transmitted in the tail of DSP1 and the begining of DSP2. If there are consecutive SYNC packets loss in the first half of SYNC sequence 2, the transmission of DSP2 would also be impacted, ulteriorly, the data in SYNC sequence 3 would be impacted too. This is not a good choice.
3. Conclusion

This contribution discussed the relationship between DSP and SYNC sequence. And we propose:

Proposal 1: The SYNC sequence length is configured by OAM per MBMS service.

Proposal 2: The eNB schedules the received SYNC SDUs in the scheduling period starting immediately after the position indicated by the SYNC timestamp.
Proposal 3: The MBMS data in a SYNC sequence is transmitted in one DSP or dropped by the eNB.
A corresponding text proposal for TS 36.300 is proposed for approval below.
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5. Text Proposal for TS 36.300 v9.1.0
For this text proposal, it is based on the latest agreed 36.300 CR specified in [7], and makes additional changes in that new section.
15.3.7
Synchronization

As part of the SYNC protocol procedure, the BM-SC shall set the timestamp of all SYNC packets in one synchronization sequence of an MBMS service to same value. The synchronization sequence length is configured by OAM per MBMS service. The BM-SC should take into account the following factors for setting the timestamp: arrival time of the first data in the corresponding synchronization sequence, the Maximum Transmission Delay from BM-SC to the farthermost eNB, the length of the synchronization sequence used for time stamping and other extra delay (e.g. processing delay in the eNB). The eNBs shall schedule the received SYNC PDUs in the dynamic scheduling period starting immediately after the position indicated by the SYNC timestamp. In case some data in a synchronization sequence does not fit into its corresponding dynamic scheduling period, the eNB shall drop it.
Based on the parameters in the SYNC Header (e.g. Timestamp, Packet Number, Elapsed Octet Counter), the eNB is able to derive the timing for downlink radio transmission and notice if any SYNC packets are lost during transmission from BM-SC to the eNB. The eNB is also able to know the size of the lost SYNC packet in the case of a single SYNC packet is lost. 
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