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1. Introduction

In Abiko meeting, DoCoMo proposed the introduction of Time Alignment procedure for Iu UP protocol (TSGR3#8(99)f42). The proposal was discussed but the decision was forwarded to this meeting. This contribution proposes to apply the time alignment procedure toward RAN#6.

2. Discussion

At Abiko meeting, DoCoMo submitted proposal of Time Alignment procedure. The contribution is attached here as a Annex to this contribution. The contribution was discussed but a concern regarding the complexity in the network transcoder was raised and the discussion was forwarded to this meeting. It is still proposed to introduce the time alignment procedure for the following reasons.

· Where there is a solution, the specification should allow capabilities to minimise the communication delay.

· Regarding the complexity issue, the same issue might be applied to timing adjustment required for DHO but the current estimation is positive for this function.

· Regarding the collision on the transmission timing in the transcoder, the possibility is up to implementation and in the case of collision, the timing can be substituted.

4. Conclusion and proposal
As a conclusion, it is proposed to introduce Time Alignment procedure based on the contribution in the Annex. Necessary modifications to TS 25.415 should be made accordingly.
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1. Introduction

This contribution proposes the Time Alignment procedure for Iu UP protocol. First, necessity of time alignment procedure for the support mode of Iu UP protocol is discussed. Then, time alignment procedure is discussed in terms of the adjustable time, necessity of different states (Initial time alignment and static time alignment) and application to TFO and TrFO operations. Finally, the proposed procedure and the PDU format are discussed.

2. Assumption

This contribution assumes that the NAS user plane data of the services applying support mode Iu UP protocol is segmented to the radio interleaving length when transferred over the Iu interface.

3. Discussion

3.1 Necessity of Time Alignment

Service delay in terms of the buffering delay in DHO is analysed and compared below between data transfer with and without time alignment. The buffering delay in DHO here refers to the delay after the arrival of Iu UP PDU to DHO until the data is actually processed (copied and distributed) by DHO.

A. DHO buffering delay without time alignment

Figure 1 shows the DHO buffering delay in the case that time alignment is not performed. 
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Figure 1 DHO buffering delay without Time Alignment

The Iu UP PDU received between time t0 and t2 should be processed at time t3 by the DHO because of the delay variation on Iu (An Iu UP PDU received between t2 and t3 may arrive after the DHO data processing timing at the next period). The actual DHO buffering delay in figure 1 is (t3 – t1), which can be, at the maximum, (t3 - t0) (i.e., Interleave length + Max. delay variation on Iu).

B. DHO buffering delay with time alignment

Figure 2 shows the DHO buffering delay in the case that time alignment is performed. 
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Figure 2 DHO buffering delay with Time Alignment

The target arriving time for time alignment procedure at DHO is (the DHO data processing timing – Max. delay variation on Iu). 

C. Analysis

Comparing the two, the difference in the maximum DHO buffering delay is the interleave length. The interleave length is either 10, 20, 40, or 80 ms depending on services. On the other hand, it can be generally assumed that the delay variation on Iu is very small compared to the interleaving length. Therefore, time alignment should be introduced in the Iu UP protocol.

3.2 Issues on Time Alignment procedure

Time alignment procedure is discussed below in terms of;

A. Adjustable time,

B. Necessity of different states, and

C. Applicability to TFO and TrFO.

These discussion is based on the time alignment procedure defined in GSM (GSM 08.60).

A. Adjustable time

In GSM 08.60, the adjustable time in time alignment procedure is 20 ms because of the frame length of GSM-EFR. However, considering the maximum applied interleave length in UMTS (i.e., 80ms), time alignment procedure for Iu interface should be able to adjust the timing up to 80 ms. In addition, the procedure should be able to advance or delay the timing (+/– 40ms).

B. Necessity of different states

In GSM 08.60, two states are defined for the time alignment: Initial Time Alignment State and Static Time Alignment State. In Initial time alignment state, the timing is adjusted at the granularity of 500 µs but only for one direction. After the timing is adjusted to a certain degree, the static time alignment state is entered, where the adjustment is made either – or + 250 µs. 

It is, however, proposed not to define two states in Iu UP protocol time alignment procedure for the following reasons. 

First, the time alignment procedure in GSM is performed between BSC (TRAU) and BTS whereas in UMTS, it is performed between the CN and DHO. In GSM, the small adjustment in the static time alignment state is executed e.g. in intra-BTS handover. In UMTS, however, such timing adjustment is performed between RNC and Node B by Iur/Iub FP (i.e., Timing Adjustment procedure). 

Second, Iu interface, because of its nature of ATM transmission, always has delay variation which makes it almost meaningless to execute the time alignment in the order of 250 µs frequently (It simply increases the traffic.). From the viewpoint of the quality of service, such granularity is not necessary, either.

Finally, by introducing the two states, it only adds complexity with almost no gain. In conclusion, Iu UP protocol should have only one simple time alignment procedure.

C. Applicability to TFO and TrFO

The time alignment procedure should be applied even in TFO or TrFO situation although actual time alignment cannot be achieved. DHO, in general, does not have a knowledge whether TFO/TrFO operation is in progress. The DHO thus tries to perform time alignment even in TFO/TrFO situation. Rather than letting the DHO detect such situation, the peer entity which is sending the Iu UP protocol PDU should act in a way pretending that the time alignment is actually working. By doing so, repeated request for time alignment by the DHO or the complexity in the DHO to detect TFO/TrFO and react to the situation can be averted.

How CODEC or any other IWF (referred as “CODEC” below) working in TFO mode can react to the time alignment request from DHO is discussed below.

· At first, the CODEC sends the user plane data as it receives the data from the peer CODEC.

· Upon the request for delaying the timing to send the data to DHO, the CODEC adjust the timing to send the data by simply buffering the data for the requested time of the time alignment.

· If the time alignment request is to make the sending timing earlier and if there is no room for such change (i.e., because of the reception timing from the peer CODEC), the CODEC adjust the frame number of the Iu UP PDU (+1) and send it at the next sending timing.

In TrFO situation, two DHOs are facing each other as discussed in companion contribution “Initialisation Procedure (R3-99f41).” In this case, the sending side of the DHOs act in the same way as the CODEC in TFO mode.

3.3 Time Alignment procedure

Based on the above discussions, the time alignment procedure is proposed below.

Successful operation

The purpose of the time alignment procedure is to minimise the buffer delay in RNC (DHO) by controlling the transmission timing in the peer Iu UP protocol layer entity.

The time alignment procedure over Iu UP is controlled by SRNC.

The time alignment procedure is invoked whenever the SRNC detects the reception of Iu UP PDU at an inappropriate timing that leads to an unnecessary buffer delay. The actual detection of the trigger in SRNC is an internal SRNC matter and is out of the scope of this specification.

The Iu UP protocol layer entity in SRNC indicates the peer entity the necessary amount of the adjustment in the number of +/-500 µs (FFS) steps.

The requested Iu UP protocol layer entity in the peer node adjusts the transmission timing by the amount as indicated by SRNC.

The procedure can be signalled at any time when transfer of user data is not suspended by another control procedure.

After having adjusted the timing, the requested Iu UP protocol layer entity should not make another adjustment until the following transmission timing passes N times (FFS) in order to avoid oscillation in the regulation.
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Figure 3. Successful Time Alignment

Unsuccessful operation

If the Iu UP in the SRNC detects that the time alignment command has not been correctly interpreted or received (e.g. the arrival timing is not changed), the Iu UP shall retrigger a time alignment procedure. If after “m” repetitions, the error situation persists, the Iu UP informs the upper layers.

If the Iu UP protocol layer receives a Time Alignment frame that is badly formatted or corrupted, it shall ignore the frame.

3.4 Frame format for Time Alignment

The proposed frame format for time alignment is shown below.

The Figure below specifies how the time alignment procedure is coded.

Bits


Number of Octets

7
6
5
4
3
2
1
0


PDU Type
Ack/Nack
PDU Type 15 Frame Number
1
Frame Control Part

Spare
Procedure Indicator
1


PDU type 15 payload CRC
PDU type 15 header CRC
1
Frame Checksum Part

PDU type 15 payload CRC
1


Time Alignment
1(FFS)
Frame payload part

Figure 4: Iu UP PDU Type 15 Format used for Time Alignment
Time Alignment

Time Alignment is used to indicate the required timing adjustment to be made in steps of +/- 500 µs (FFS).

(The coding below also needs further study.)

0 0 0 0 0 0 0 0 Advance frame 80 x 500 µs

0 0 0 0 0 0 0 1 Advance frame 79 x 500 µs

       . . . 

0 1 0 0 1 1 1 1 Advance frame 1 x 500 µs

0 1 0 1 0 0 0 0 Delay frame 1 x 500 µs

0 1 0 1 0 0 0 1 Delay frame 2 x 500 µs
       . . . 

1 0 0 1 1 1 1 0 Delay frame 79 x 500 µs

other values not used.

4. Proposal

As proposed in Section 3, it is proposed to introduce Time Alignment procedure in Iu UP protocol. Applying the proposal made in Section 3.2, the Time Alignment procedure, frame format, and the parameter proposed in Sections 3.3 and 3.4 are proposed to be incorporated into TS 25.415 in appropriate chapters. 
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