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1
Introduction
The principles of the MBMS user data synchronization are described in [1]. The current solution covers the case there is one IP packet occasionally lost. This paper is considering the case more than one consecutive IP packets are lost. 
2
Discussion
In UTRAN MBMS RLC protocol the header consists of the RLC sequence number and the length indicators. The number of length indicators per RLC SDU will depend on how the SDU gets segmented or concatenated. The size of the payload fitting into a RLC SDU will depend on the length of RLC header. As the consequence the number of RLC packets used to deliver certain payload will depend on how the payload is distributed between the received GTP-PDUs.

In case of one GTP-PDU loss the NB+ is able to recover the situation with the help of the parameters received in the GTP-PDU header of the following SDU or in the Total Counters frame containing only the counter information but no payload.
Based on the received counter information the NB+ is able to notice, that more than one data packet is lost and can stop the radio interface transmission to avoid interference due to mismatch with the other NB+ part of the same MBSFN or soft-combining area. However the parameters delivered in the GTP-PDU header will not yet inform how the payload was distributed between several SDUs, in case multiple consecutive data packets are lost. 
The payload size of the lost packets would be necessary to know to model correct manner the RLC operation for the lost packets and to continue the radio interface transmission with correct content when receiving data again. The NB+ is able to notice the beginning of the next synchronization sequence based on the new time stamp value in the received GTP-PDU header. The reconstruction of the payload distribution within a synchronization sequence requires however more information. 
There are several options to cover the content resynchronization case, which are discussed in this paper in more details now.

2.1 Information on the payload distribution from GGSN

One possibility is to deliver the additional information part of the Total Counter frame. 
The benefit of this option is that the GGSN is already delivering the total counter frame, so indicating the payload length of each GTP PDU in that synchronization sequence would not require additional procedures and the size of the message would be still feasible.

The disadvantage of this approach is that the GGSN is required to store the payload length information for a while to be able to forward it to the NB+s at the end of the synchronization sequence. Additionally the IP Multicast delivery between the GGSN and NB+s is potentially unreliable in some scenarios, but that can be improved by repeating the message few times, like already proposed for the total counter frame delivery.
2.2 Re-synchronization with the help of neighboring NB+
Another option is that the NB+ requests from the neighboring NB+ the current RLC SN value or similar information, which allows the NB+ to resynchronize the radio interface transmission with its neighbors. 
The benefit of this approach is that the neighboring NB+s are already exchanging information e.g. due the RRM and neighboring cell MBMS information. A message exchange for the resynchronization purpose would be a rather small addition. The same resynchronization procedure requesting the RLC SN information could be used also in other recovery situations. 

However there is a potential disadvantage, because depending on the transport network configuration the neighboring NB+ may face the multiple data packet loss at the same time or possible at a bit different time points so that the NB+ requested for the synchronization update is also out of synchronization. In that case the loss in the signal gain due to MBSFN mode or soft combining could become more visible for the terminal if more than one NB+ is not transmitting and the recovery is taking longer.
2.3 RLC SN reset
The third option to solve the issue is to reset the RLC SN value always at the start of the synchronization sequence. All the NB+ s will notice when the time stamp value changes in the header of received GTP-PDU packet. 
As MBMS PtM DL stream use the unacknowledged mode there should not be any risk for confusion between the UE and the network, if the RLC SN value restarts even though the maximum value was not yet reached: 
· The RLC-UM moves window according to RLC SN received and there is no UL entity reacting to the SNs as there is for RLC-AM. 
· The security is not active in MBMS at the RAN when P-t-M is ongoing, so there are no issues with ciphering parameter synchronization. 
· To the UE, this will be seen at RLC as a "loss of SNs", which could already happen today in Rel-6 MBMS. Note: The UE receives the data in the same order as transmitted by the cell over the air interface, so no need for RLC reordering in UE in this case.
The benefit of this solution is that the NB+ is able to resynchronize the air interface transmission independently from its neighbors and the GGSN does not need to provide additional information.
3
Conclusions and Proposal

In this paper the scenario of multiple contiguous packets loss is discussed and three different solutions to support NB+ content resynchronization in that scenario have been presented.
It is proposed that the solution alternatives are captured to the TR R3.022 as shown in Annex A.
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Time Synchronization Solution in Evolved HSPA Architecture

Following the similar principles as considered for LTE MBMS the GGSN will include to the GTP-PDU packets a time stamp. This time stamp is an absolute time value, which tells the timing based on which the NB+ sends MBMS data over AIF.

The data is assumed to be time-stamped in separable synchronization sequences (e.g. synchronization sequence length = TTI length). The beginning of the synchronization sequence for each service carries a new timestamp value working such a manner as an implicit start-of-synchronization sequence indicator, so that the NB+ becomes aware that a new sequence is starting. For additional robustness, the timestamp can be replicated to all packets, in which case the change in the time stamp value will indicate about the start of a new sequence. 

GGSN adds the Time Stamp considering Maximum Transmission Delay from GGSN to NB+, the length of the synchronization sequence used for time stamping and other extra delay (e.g. processing delay in NB+). I.e. Time Stamp = time GGSN receives the data packet + Max Tx Delay +synchronization sequence length + other extra delay (e.g. NB+ processing delay). The parameters ‘Max Tx Delay’, ‘synchronization sequence length’ and ‘Other Extra Delay’ are set via O&M in GGSN. 

The GGSN does not know the time point of the TTI begin but the sequence length for the time stamp is set by O&M like the delay parameters. When the user data flow starts, i.e. the first packet of the user data arrives in GGSN, the GGSN will use the delay parameters to define the transmission time point of that user data packet and for the following user data packets the sequence length for the time stamp: following user data packets arriving within e.g. 40ms will receive the same time stamp value as the first data packet, if the sequence length is set to be 40 ms.

The NB+ will schedule the received data packets in the TTIs following the time point indicated by timestamp. NOTE: From the timestamp the NB+ can interpret the TTI from which the transmission of the first GTP-PDU with that time stamp value shall start. Whether there will be data packets to be transmitted in the following TTIs will depend on the used synchronization sequence length vs. the TTI length. 

Impacts to the GTP-PDU header

Following new IEs are proposed to be added into header part of GTP-PDU for radio synch and content synchronisation:

a.
Time Stamp: absolute time value for the starting time of certain transmission period in the air interface. The value of the time stamp is same for all the user data packets arriving in the GGSN within the same synchronization sequence. The length of a transmission period equals with the length of the synchronization sequence.
b.
Packet Counter: This parameter indicates the number of GTP-PDU within the synchronization sequence. It helps the NB+ to notice the loss of GTP-PDU. Additionally it is used to reorder the PDUs in NB+.

c.
Elapsed Octet Counter: This parameter indicate the number of elapsed cumulative octets cumulatively for the synchronization sequence. It helps NB+ to know how many octets were not received in case of packet loss. This octet counter is preferably reset for every synchronization sequence.

d.
Total Packet Counter: This parameter indicates cumulatively the number of the packets for the service.

e.
Total Octet Counter: This parameter indicates cumulatively the number of the octets for the service.

The GTP-PDU frames containing payload for MBMS service will have in the header the parameters a, b, c :

Data frame:
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The GTP-PDU frame containing counter information without MBMS payload is delivered at the end of each synchronization sequence to improve the NB+ resynchronization in case of packet loss. At the same time this Total Counter frame is implicitly marking the end-of-sync.seq.. The Total Counter frame without payload can be repeated in order to improve the reliability of the delivery to the NB+s.

Total Counters frame:
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Multiple Packets Loss recovery
In case multiple contiguous GTP-PDUs are lost in the NB+, the division of payload between the lost packets is not necessarily known by the NB+. Therefore the NB+ may use an incorrect RLC SN value when handling the first data packet received from GGSN after the multiple packet loss. In such a situation the radio interface transmission should be avoided until the NB+ is able to resynchronize its transport block creation with the neighbouring NB+s.

There are three alternatives to get the user data transmission in NB+ resynchronized in such a situation:

1) The payload lengths of each GTP PDU in the synchronization sequence are delivered to the NB+s similar manner as the Total Counters frame or as part of it. Based on this information the NB+ is able to model the RLC/MAC process of the lost packets and can continue the transmission when having the data for a full transport block.
2) The NB+ requests from a neighboring NB+ the relevant information, e.g. the RLC SN of the RLC SDU containing the last part of the payload in certain synchronization sequence, which is identified e.g. by the time stamp value of that synchronization sequence.
3)  The RLC SN is reset at the start of each synchronization sequence. The NB+s are able to notice the start of the synchronization sequence from the new time stamp value and the packet counter in the GTP PDU header
In the first two alternatives the NB+ resynchronization is depending on another network entity providing the missing information. The third alternative would allow an independent content resynchronization..
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