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1 Introduction
When UE moves from a cell into another cell with “slower” transmitted PDUs for MBMS, if there are any PDUs not received by the UE, the received data stream will be held for a noticeable time period. On the other hand, when a UE moves from a cell into another cell with “faster” transmitted PDUs, there may be some PDUs lost and the received data stream will jump ahead. This kind of streaming-data jitter problem makes a data streaming service unsatisfactory for a human user.
This paper illustrates the problem and presents some proposals for jitter reduction.
2 Problem description
Please refer to the following Example and Fig. 1 for scenarios that will illustrate data jitter problem. In Fig. 1, the state variables VR(UDH) and VR(VDR) are specified in TS 25.322.

 [Example] 

Assume that Cell A is the faster cell and Cell B is the slower cell. The SN difference between them is 9. DAR_Window_Size = 10. In Fig. 1, the numbers denote SNs of PDUs. The shaded numbers represent they are not received. 
According to TS 25.322, the status variables, VR(UDH) and VR(VDR),  and the streaming data replay is shown in Fig. 1. Each small square represents one TTI, which is supposed to be 20 ms. Contiguous missing SNs means that the UE has moved out of the coverage of that cell. A single missing SN means a PDU is missing during the radio transmission. The Duplicate Avoidance and Reordering (DAR) function can deliver multiple PDUs to its upper RLC function (see point  P1 in Fig.1). However, because of the characteristic of streaming data, the data stream replay can only consume one PDU per TTI, other delivered PDUs are buffered by the streaming data application (See P2 to P3 in Fig.1). 
Note that because of missing SN = 31 at Cell B (P4 in Fig.1), replay between SN = 30 (P5 in Fig.1) and SN = 32 (P2 in Fig. 1) is held for 10 TTI, which is 9 TTIs or 180 ms longer than it should be. Similarly, replay between SN = 76 (P8) and SN = 78 (P9) is held for 8 TTIs, which is 7 TTIs or 140 ms longer. When DAR_Window_Size is 64, the held time may be longer than 1 second. In addition, replay between SN = 48 (P6) and SN = 56 (P7) is only 1 TTI, the streaming data is jumped ahead by 7 TTIs or 140 ms faster than it should be. Thus, when DAR_Window_Size is 64, the jitter (held or jump ahead time) may be longer than 1 second. The performance of this kind of streaming data service is very poor for human users.
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Fig. 1 

Note that, jitter can happen every time UE changes cells. It is not a one-time problem.

3 Proposals to reduce the jitter problem
3.1 Global slowest cell based solution

If UE can identify the global slowest cell for a MBMS service, any missing SN on this global slowest cell will not be transmitted later by other cells. Therefore, there is no need to hold the received PDUs after the missing SN in the buffer for DAR function and wait for the missing SN to move outside the DAR receive window. This solution can remove the jitter completely.
Fig. 2 shows the replay results with the above solution on the same scenario shown in above example. In this example, we suppose Cell B is the global slowest cell for the MBMS service. At Q1, Cell B jumps at SN=31, which will not be transmitted by any other cells. Thus, SN=32 is delivered to higher part at Q3. And VR(UDR) is updated to 33 at Q4. (As a comparison, VR(UDR) = 31 at this point in Fig.1 according to the current specification.) By this solution, the replay-hold between SN=30 and SN=32 (P5 and P2 in Fig.1) is avoided in Fig.2. Similarly, the replay-hold between SN=76 and 78 (P8 and P9 in Fig.1) is avoided in Fig.2. Furthermore, the replay-jump-ahead between P6 and P7 in Fig.1 is avoided in Fig.2. Instead, the interruption between SN=48 (Q5) and SN=56 (Q6) reflects the PDU drops due to cell change with appropriate time delay.
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Fig. 2

3.2 Local slowest cell based solution

Althouh the global slowest cell based solution can remove the jitter completely.  In practice, it is not easy to identify and track the global slowest cell for an MBMS service. Instead, to identify a local slowest cell is very easy. The only effort is to decide the local slowest MTCH among the inputs of the DAR entity.

Take the receiving scenarios of Fig.1 and Fig.2 as an example. 

(1) When receiving SN= 5 ~ 20 from Cell B, there are two MTCH inputs. Cell B is the local slowest cell.

(2) When receiving SN= 21 ~ 46 from Cell B, depending on the neighboring cell selection procedure and the actual out-of-coverage duration, there may be one or two MTCH inputs. In either case, the local slowest cell is Cell B.

(3) When receiving SN= 58 ~ 72 from Cell A (SN = 49 ~ 63 from Cell B are missing), depending on the neighboring cell selection procedure and the actual out-of-coverage duration, there may be one or two MTCH inputs. If there are two MTCH inputs, the local slowest cell is Cell B. If there is one MTCH input, the local slowest cell is Cell A.

(4) When receiving SN= 66 ~ 91 from Cell B, depending on the neighboring cell selection procedure and the actual out-of-coverage duration, there may be one or two MTCH inputs. In either case, the local slowest cell is Cell B.

After identifying the local slowest cell, one can assume that missing SN on this local slowest cell will not be transmitted later by any neighboring cells. Therefore, there is no need to hold the received PDUs in the buffer for DAR function and wait for the missing SN to move outside the DAR receive window.

Suppose in case (3) above, i.e. when receiving SN= 58 ~ 72 from Cell A (SN = 49 ~ 63 from Cell B are missing), there is one MTCH input and the local slowest cell is Cell A. Fig. 3 shows the replay results with the local slowest cell based solution.

Large jitters as in Fig.1 do not happen in Fig.3. The interrupt between replay of SN = 48 (R5) and 56 (R7) reflects the PDU drops during cell change with appropriate time delay. Note that there are short jitters (20 ms) at R10 and R11 by this solution. But the jitter duration will be proportional to the number of individual missing PDUs within the current covering cells, which can be considered as negligible.
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Fig. 3

3.3 Local slowest cell set based solution

It is possible that PDUs of the same SN sent from different cells arrive UE with negligible time difference. If these cells are slower than all the other neighboring cells, these cells are belonging to the local slowest cell set. The local slowest cell based solution can be modified slightly to: 

If there is an SN missing from all the MTCH inputs that belong to the local slowest cell set, the missing SN will not be transmitted later by any neighboring cells. Therefore, the missing SN can be discarded and VR(UDR) can be updated to the next SN to be received in sequence.
4 Conclusion

The jittering problem of DAR function is illustrated. When DAR_Window_Size is 64, the duration of jitters (held or jump ahead time) may be longer than 1 second. The performance of this kind of streaming data service is very poor for human users.
Three proposals have been presented. Considering the effort to benefit ratio, the third proposal of Section 3.3, local slowest cell set solution, may be the best choice.

The attached CR draft is based on the third proposal.
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9.7.10

Duplicate avoidance and reordering for unacknowledged mode

The duplicate avoidance and reordering function can be configured for use within a receiving UM RLC entity in the UE. It combines PDU sequences received from several sources and/or repeat transmissions from a single source to form a single ordered PDU sequence that is passed to the header removal and reassembly functions. It completes duplicate detection, discard and re-ordering based on the UM PDU sequence number. Where the UM RLC receives input from several sources, inputs can be added or removed without changing the buffer contents, state variables and timers associated with the duplicate avoidance and reordering function or any subsequent UM RLC function. An input belongs to the slowest cell set if it does not deliver PDUs with "Sequence Number" ahead of at least one other input. The slowest cell set may contain more than one input. If there is only one input, the input belongs to the slowest cell set. The slowest cell set shall be updated when an input is added or removed.
The duplicate avoidance and reordering function makes use of the state variable VR(UDR) and a receive window whose span is from VR(UDH) – DAR_Window_Size + 1 to VR(UDH) inclusively. For re-ordering the function uses a buffer for the temporary storage of PDUs. 

For each PDU received, the duplicate avoidance and reordering function shall (in the following SN denotes the sequence number of each PDU):

Setting initial values of state variables:

-
If the PDU is the first PDU received by the duplicate avoidance and reordering function:

-
VR(UDH) is assigned the value SN;

-
VR(UDR) is assigned the value VR(UDH) – DAR_Window_Size + 1.

Duplicate detection and re-ordering:

-
if SN is within the receive window:

-
 if  SN < VR(UDR) or if a PDU with sequence number SN is already stored in the buffer:

-
 the PDU shall be discarded;

- 
else:

-
the PDU shall be stored in the buffer.

-
if SN is outside of the receive window:

-
the PDU shall be stored in the buffer;

-
VR(UDH) shall be assigned the value SN, thereby advancing the receive window; 

-
for any stored PDUs with sequence numbers < VR(UDH) – DAR_Window_Size + 1, i.e. outside the receive window after its position is updated, remove the PDU from the buffer and deliver them to the higher RLC function to perform the actions specified in subclause 11.2.3;
-
if VR(UDR) < VR(UDH) – DAR_Window_Size + 1, i.e. VR(UDR) is outside the updated receive window;

-
VR(UDR) shall be assigned the value VR(UDH) – DAR_Window_Size + 1.

-
if the PDU is delivered from an input belonging to the slowest cell set; and

-
if SN > VR(UDR):

-
VR(UDR) shall be assigned the value SN.
-
if PDU with sequence number VR(UDR) is stored in the buffer:

-
for this PDU and any sequence of stored PDUs with consecutive sequence numbers starting at VR(UDR) + 1, remove the PDUs from the buffer and deliver them to the higher RLC function to perform the actions specified in subclause 11.2.3;
-
VR(UDR) shall be assigned the value of x + 1 where x is the sequence number of the highest numbered PDU that was delivered to the higher RLC function.

Timer operation:

-
if Timer_DAR is not active when a PDU is stored by the duplicate avoidance and reordering function: 

-
Timer_DAR shall be started;

-
VR(UDT) shall be assigned the value of  the sequence number of the PDU.

-
Timer_DAR shall be stopped:

-
if the PDU with sequence number VR(UDT) is removed from the buffer before Timer_DAR expires.

-
if Timer_DAR expires:

-
for all stored PDUs with sequence numbers lower or equal to VR(UDT) and for any sequence of stored PDUs with consecutive sequence numbers starting at VR(UDT) + 1, remove the PDUs from the buffer and deliver them to the higher RLC function to perform the actions specified in subclause 11.2.3;
-
VR(UDR) shall be assigned the value x + 1 where x is the sequence number of the highest numbered PDU that was delivered to the higher RLC function.
-
When Timer_DAR is stopped or expires, and there remain PDUs stored by the duplicate avoidance and reordering function:

-
Timer_DAR shall be started;

-
VR(UDT) shall be assigned the sequence number of the highest numbered stored PDU.
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