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Suspend/Resume vs LLC Restart

In the following some preliminary simulation results are provided, showing the performance of two of the different strategies that have been investigated to improve the behaviour of LLC Unacknowledged mode during cell changes.

The two procedures under analysis are the Suspend/Resume procedure outlined in [1] and the (MS-controlled) LLC Restart presented in [2]. 

1. Simulation model
A basic streaming service will be considered during the simulations, having the following characteristics:

1. 1 RTP packet generated each 133.3 ms (7.5 RTP packets/sec)

2. constant RTP packet size leading to an “RTP/UDP/IP/SNDCP/LLC packet” of 500 bytes

With the above mentioned numbers a 30 kbit/s (at LLC layer) constant bit rate streaming service can be simulated.

Since the focus of the analysis is on the behaviour during the cell reselection (and not on the subsequent phase when the throughput over the Um interface should be probably increased to recover from the cell reselection) very short sessions (10 seconds) with 1 cell reselection per session only are considered.

Multislot class 4 (i.e. 3 DL TS, 1 UL TS) mobiles are assumed. For each session, three PDCHs are reserved over the radio interface to guarantee the required bit rate (i.e. 30 kbit/s). 

The adopted coding is MCS2, providing a bandwidth of 11.2 kbit/s per timeslot, and therefore nominal 33.6 kbit/s over 3 PDCHs (in ideal radio conditions). The hidden assumption is that MCS2 is always the best solution (i.e. the one providing the highest net throughput) in the considered scenarios. In other words, to simplify the analysis, no further dynamic link adaptation is considered.

The further assumption is that the minimum BLER (for MCS2) during the session is 10%. In this case, the (DL) bandwidth over the Um interface (nearly 3 * 11.2kbit/s * 90% = 30.24 kbit/s) would be still enough to maintain the real-time requirements (i.e. convey the 30 kbit/s packet stream without introducing delays).

To take into account that radio conditions worsen when a cell reselection is approaching, the scenario in Figure 1 is considered.
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Figure 1

· T1 is the reaction time to realize that a cell reselection is needed, i.e. the time elapsing from the instant when radio conditions start getting worse up to the sending of a PCCN message (when in CCN mode) or, alternatively, up to the network decision to “start” a cell reselection procedure (in NCCR mode). 

· T2 is the time between the notification (CCN mode) / decision (NCCR mode) to perform the cell change and the transmission of the PCCO. The actual value depends on the adopted strategy (Suspend/Resume or LLC restart) but a maximum value (T2max) must be defined.

· T3 is the actual cell reselection time, i.e. the time elapsing from the sending of the PCCO and the initial DL transmission in the new cell. This is also the “service interruption time” investigated in G2-020765 and G2-020778.
· S is the (constant) slope of the BLER curve before the cell change.

All these values are configurable parameters. For the simulations here presented the following values have been used:

· T1 = 2 sec

· T2max = 1 sec (maximum waiting time for the PCCO in CCN mode)

· T3 = 1 sec

· S = 10%/sec 

Note that with the above configuration – considering that MCS2 is used - a cell reselection is decided when the C/I is around 7 dB.  

A full GPRS protocol stack simulator has been used (SNDCP, LLC and RLC/MAC layers are implemented in detail). Both directions - uplink and downlink - are simulated and control messages (PDAs, PUAs, etc.) are taken into account. RLC Acknowledged mode is assumed.

At a given time t the probability to successfully decode a Radio Block is given by 1-BLER(t). No Incremental Redundancy mechanism is taken into account.

The last important assumption is that PCCN and PCCO messages are always received (the first time) independently on the radio conditions (this may not be the case in a more realistic scenario!)

1.1.
Suspend/Resume procedure

This scenario is well represented in Figure 1, with the following clarifications:

· The Suspend message to the SGSN is sent when the CCN message is received

· The PCCO is sent either as soon as the LL-PDU buffer gets empty, or when T2max expires (after T2max the LL-PDU buffer is anyway flushed)

· T3 seconds after sending the PCCO the transmission is resumed (the first DL-Unitdata temporarily buffered in the SGSN can be transmitted) 

1.2.
LLC restart procedure

In this case Figure 1 is valid again, with the difference that T2 is always 0! The PCCO is sent immediately after the reception of the PCCN (the cell reselection is anticipated).

T3 seconds after sending the PCCO the SGSN restarts the transmission of LLC frames according to the rule defined in solution 2.1 “MS-controlled LLC restart” in [2].

2. Simulation Results

As in [3], it is assumed that the “application layer” at the MS side is characterized by a de-jittering buffer. The application starts reading (i.e. extracting packets from the buffer) after a “Start-up Delay” or “De-jittering Time” of a few seconds since the reception of the first RTP packet. This assumption puts a constraint on the maximum “transfer delay variation”, that cannot be higher than the de-jittering time. Therefore, if a given RTP packet is correctly received at the MS, but after the maximum acceptable transfer delay, it will be considered as useless (because the application will have already tried – with no luck - to extract it from the buffer). In the following it is assumed that the parameter “transfer delay” is configured according to the value of the de-jittering buffer time (see [3] and [4]). To enable the BSS discard functionality (so to avoid some waste of radio resources, trying to send PDUs that will be anyway discarded at the MS), the PDU lifetime in DL-Unitdata PDUs is set equal to the “transfer delay”. 
In the table below, simulation results are reported for the two different strategies and for two different Transfer Delay/PDU Lifetime values.

The percentages of received packets and, more important, of packets with a transfer delay variation lower than the negotiated “transfer delay” are presented.

	Transfer Delay

(PDU Lifetime)
	Suspend/Resume
	LLC Restart

	
	Received packets
	Packets with delay < TD
	Received packets
	Packets with delay < TD

	2 seconds
	92.2%
	84.6% (91.6%)
	94.7%
	93.8%

	3 seconds
	98.7%
	98.66%
	99.9%
	99.85%


If the required “transfer delay” is 2 seconds, the LLC Restart procedure provides better results (though not optimal). Nearly 94% of the packets is received within 2 seconds, while 5% is dropped by the BSS discard mechanism.  

With the Suspend/Resume procedure the number of received packets is slightly lower (92%) but the percentage of those received in time (i.e. with a transfer delay variation lower than 2 seconds) is much less (84.6%)!. 

This is due to the implementation of the discard mechanism:

For the sake of simplicity, it is assumed that PDUs buffered at the SGSN during the Suspend phase are assigned a PDU Lifetime INDEPENDENT on the buffering time at the SGSN, when finally transmitted in the Resume phase. In other words, all the buffered PDUs are assigned a “remaining” PDU Lifetime of constant “transfer delay” seconds, even though they have already “lived for a while” in the SGSN buffer. When they get to the BSS, most of the times they are not discarded – because the PDU lifetime has not expired – and sent to the MS. Therefore it may happen that a considerable percentage of received packets finally experiences a transfer delay variation exceeding the “transfer delay”. 

To solve the problem a new simulation was run, assuming that the SGSN is able to assign a PDU Lifetime dependent on the buffering time at the SGSN (PDU Lifetime = “transfer delay” – buffering time at the SGSN). A much better result for the percentage of packets received in time has been achieved in this case (91.6%, in red in the above table).

The same problem, in principle, should affect even the LLC Restart procedure. In practice, the effect is highly reduced by the possibility – with the LLC Restart procedure – to “speed up the cell reselection” and thus reduce the buffering time in the SGSN. According to the model, the maximum buffering time in the SGSN is equal to T2+T3 for the Suspend/Resume procedure, and only T3 in the LLC Restart case.

For the LLC Restart procedure, no significant differences have been found when using the two different strategies for setting the PDU Lifetime. 

Anyway, in the “2 seconds transfer delay” scenario, the main reason for the low percentage of received/ received-in-time packets is linked to the attempt to maintain real-time requirements by using the BSS discard mechanism. 

If the requirements are loosened (i.e. for “transfer delays” of 3 seconds), LLC Restart performances are quite good (1.5 x 10-3 lost packets). 

Even Suspend/Resume behaviour is quite improved (1.3 x10-2 lost packets). In this case the number of packets not received at the MS is mainly due to the impossibility to always empty the BSS buffer before sending the PCCO. 

Finally, to further analyze the issue with the BSS buffer to be emptied, some other simulations were run, disabling the discard mechanism and considering the case of more severe radio conditions as well.

In Figure 2 the Cumulative Distribution Function for the RTP Packet Delay is shown for the two different strategies and for two different BLER scenarios. “Low BLER” refers to the scenario investigated so far (S = 10%/sec). “High BLER” refers to a value of S equal to 20%/sec. In this case a cell reselection is decided when BLER (for MCS2) reaches 50%.

Adopting the LLC Restart procedure, every packet is received at the MS within 4 seconds, even in the bad scenario. 

4 seconds are enough, in the “Low BLER” case, even for the Suspend/Resume procedure. But in this case nearly 1% of the packets is lost (the BSS buffer that cannot always be emptied within 1 second). In the “High BLER” case 8% of the packets is lost, and even the delay curve is much worse. 
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Figure 2: RTP Packet Delay CDF, no PDU discard mechanism at the BSS

3. Conclusions

These preliminary simulation results suggest that:

1. If “transfer delay” values of 2 seconds must be handled (this is the current requirement) the LLC Restart procedure would be beneficial. If the requirements are loosened, the Suspend/Resume approach may be sufficient.

2. In any case, in the Suspend/Resume case, some packet loss cannot be avoided (with T2max set to 1 second). Suspend/Resume is not a fully loss-less procedure.

3. Before taking any decision, it must be clarified the worst case scenario we want to deal with - in terms of delay & packet loss requirements and the corresponding radio conditions. 

4. The impact of the assumption of always receiving the PCCO needs to be investigated.
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