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1. Introduction

In this contribution, the multiple packets loss recovery on S1 interface is discussed. And a design of RLC PDU header is proposed to enable the multiple packets loss recovery in E-MBMS multi-cell transmission.

2. Discussion
During RAN3#54 and RAN2#56 meeting, some contributions [1-4] are proposed for the content synchronization on S1 interface in E-MBMS SFN operation. The packet loss recovery was discussed with some agreed concepts, for example, the byte count, and SN per packet. Here packet loss recovery means putting dummy packet to RLC buffer, but not to recover the packet with actual data. Therefore the content synchronization would not be lost. It should be clarified that, by the byte count, eNB only knows the total bytes of loss packets, but not the length of each one.
However, to allow RLC to concatenate plural RLC SDUs, variation of RLC payload will occur by LI (length indicator) field. RAN2 have not discussed eMBMS specific matter of RLC. But it seems unavoidable to still have LI field to separate RLC SDUs (and indicate padding field).
Maybe there are two options for eMBMS RLC PDU format design, 

1. One LI per SDU/SDU segment
2. One LI per SDU

Now we investigate whether it can realize the multiple packets loss recovery under above three options.

3. Packet loss recovery

3.1 One LI per SDU/SDU segment

The idea of “One LI per SDU/SDU segment” is proposed by several companies and captured in [5], which is for unicast RLC PDU structure. Because eNB does not know the length of each loss packet, in some cases, it will result in the de-synchronization, as figure 1 shows.
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Figure 1 Per LI per SDU/SDU segment

Assuming the two shadowed packets lost in figure 1, in different length distribution, there would be different number of LI. It would result in de-alignment in the following packets. So the content synchronization would not be kept on.

3.2 One LI per SDU

For eMBMS service the scheduler will assign always a constant TB, correspondingly the RLC PDU size also is constant. Since the length of RLC PDU for eMBMS is fixed, even if there is no LI for last segment in RLC PDU, UE also knows the correct length when it reach to the end of PDU.
In the option of “one LI per SDU” for eMBMS RLC PDU format design, LI indicates the end of SDU in one PDU, and it contains the length of the last segment of one SDU. Other fields in RLC PDU header are similar to unicast.

For some special cases, if the SDU or SDU segment length equals to the vacancy or one byte less than vacancy in the RLC PDU, due to the fact that the LI length is two bytes, it should be filled with zero or one byte from the next SDU data, and the corresponding LI fills in the header of next PDU, which is set to some predefined values, as figure 2 shows. With the above design, synchronization could be maintained for multiple packet loss.
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Figure 2 Per LI per SDU

The 4 most significant bits are reserved because the maximum SDU length is 1500 bytes and thus 12 bits LI+E is enough for length indicator. With this, the reserved 4 bits can be used to indicate some special LIs for special cases which are listed in the tables below. In another case, if there is no “byte aligned” in RLC header, and LI+E only uses 12 bits but 2 bytes, the maximum of 211, e.g. 2044~2047, could be reserved.
	Bit
	Description

	0000,0000,0000,000
	The previous RLC PDU was exactly filled with the last segment of an RLC SDU and there is no "Length Indicator" that indicates the end of the RLC SDU in the previous RLC PDU.

	0100,0000,0000,000
	The last segment of an RLC SDU was one octet short of exactly filling the previous RLC PDU and there is no "Length Indicator" that indicates the end of the RLC SDU in the previous RLC PDU. The remaining one octet in the previous RLC PDU is the first octet of next SDU.

	1000,0000,0000,000
	The last segment of an RLC SDU was one octet short of exactly filling the previous RLC PDU and there is no "Length Indicator" that indicates the end of the RLC SDU in the previous RLC PDU. The remaining one octet in the previous RLC PDU is ignored.

	1100,0000,0000,000
	The rest of the RLC PDU is padding.


Why we do not put the “LI” on the head of the first SDU segment, and “LI” indicate the total length of whole SDU, the reason is if the PDU contained LI and the first segment of one SDU lost in Uu interface, UE could not know where is the accurate boundary of next SDU in the next received PDU in the special case where one byte left in this PDU, as figure 3 shows.


[image: image4.wmf] 

RLC PDU

 

RLC SDU

 

LI

 

LI

 

O

 

Loss

 

SDU

 

Length

 

SDU

 

Length

 

One byte left

 


Figure 3 LI locates the head of SDU

3.3 How “one LI per SDU” can recover the packet loss

Assumption in the example:

· in eNB the RLC PDU size is 600 bytes

· in RLC PDU header, 2 byte for SN and SI, each LI size is 2 byte

As figure 4 shows, two packet (SN=i,i+1) lost on S1. eNB can be aware when it received the packet with SN=i+3; eNB only has the information that there are 2 packets loss and the total lost bytes are 600; eNB has no knowledge of the length distribution of these 600 bytes in the two lost packets. 


[image: image5.wmf] 

101

 

396

 

SN=i

 

Loss

 

SN=i+3

 

99

7

 

1400

 

?

 

?

 

RLC SDU

 

RLC PDU

 


Figure 4 Two packets lost on S1

With RLC PDU format of “One LI per SDU”, it can recover any case of packet loss as long as eNB known how many packets lost, total size of lost packets and all of them are concatenated together.
The figure 4 example is recovered as:
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Figure 5 Packet loss recovery with “one LI per SDU” format

Figure 5 shows that, because eNB knows the number and total size of lost packets, it can calculate that how many bytes should be filled in the previous PDUs which are discarded in L1 and muted in air interface, for example, 294 bytes in packet i+3 in figure 5. Whatever the byte distribution in lost packets is, the next intact PDU always begins at the byte count of 1291. The content synchronization for the later packet transmission would not be destroyed.
4. Conclusion
The content synchronization could not be maintained when multiple packets loss if inheriting the unicast RLC PDU format. Another method, applying the fixed size PDU header, is the most inefficient for air interface and is not considerable.
We would recommend designing a RLC PDU format with “one LI per SDU” principle for eMBMS as proposed in this contribution, and therefore multiple packets can be recovered in content synchronization.
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