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1 Introduction

Contribution S4-160140 [1] raises some concerns about the existing delay and loss profiles in 3GPP TS 26.132 [3] Annex E. Contribution S4-AHQ109 [2] covers these concerns and proposes changes to the underlying simulation model.
In this contribution, these concerns and the proposed changes are discussed.
2 Simulation model of 3GPP TS 26.132 [3] Annex E

The simulation model of 3GPP TS 26.132 [3] Annex E considers the packet delays and packet losses, which occur due to

· uplink DRX cycles,

· uplink block errors including HARQ retransmission processes,

· network jitter in the EPC,

· downlink DRX cycles including the misalignment between uplink and downlink eNBs, and

· downlink block errors including HARQ retransmission processes.

It is based on the (implicit) assumption, that the uplink and downlink block errors as well as the EPC jitter are not only uniformly distributed but also statistically independent.

3 Concern raised in [1]: Too many packets arriving at the same time in UE2 with DRX condition
3.1 Description
The first two concerns which are raised in [1] and covered by contribution S4-AHQ109 [2] are:
a) “The profiles are intended to simulate the UE1 to UE2 delay, including the scheduling delays, yet several packets arrive at the exact same time in UE2, which is not a possible situation in the DRX 20ms profile (there is no 2-pkt bundling in downlink).” [2]
b) “With DRX 40ms, two packets should be arriving to UE2 every 40ms, yet this is not observed in profiles 2 and 3 (for some instants in time, more than 2 packets arrive and for some, less than 2).” [2]
3.2 Solution proposed by [2]
For a DRX cycle length of 20ms, the concern is addressed in downlink direction with the following yellow marked change to the simulation model:
while ((frame<=nFrames)&&(UE1_eNB2_time(frame)<UE2_scheduling_time))
   if (UE1_eNB2_time(frame)==-1)
      UE1_UE2_time(frame)=-1;
   else

      UE1_UE2_time(frame)=ack*(UE2_scheduling_time+eNB2_transmit_delay);
      % [ANDRE] Check to see that the transmission time is not the same as the last 2-packet bundle
      % [ANDRE] If it is, wait for next scheduling opportunity.
      if ((frame>1)&&(UE1_UE2_time(frame) == UE1_UE2_time(frame-1))&&(UE1_UE2_time(frame-1)~=-1))
         UE1_UE2_time(frame)=UE1_UE2_time(frame)+drx_cycle_length;
      end
   end
   ack2(frame)=ack;
   frame=frame+1;
end
3.3 Discussion of this solution

Assuming for now, that the raised concerns are valid, the behavior of the above code section is analyzed in the following: For every frame, which arrives at eNodeB2 during a scheduling interval (UE1_eNB2_time(frame)<UE2_scheduling_time),
· the arrival time at eNodeB2 (UE1_eNB2_time(frame)) is checked for equality to -1, apparently to mark packets which were lost during upload as “still lost”.
· Then, the packet is marked as lost if the acknowledge flag from downlink ack equals 0,

· otherwise the receive time UE1_UE2_time(frame) is calculated as the scheduling time plus the HARQ retransmission offset eNB2_transmit_delay.

After that, the proposed change checks whether the current frame is received at the same time as the previous frame (UE1_UE2_time(frame) == UE1_UE2_time(frame-1)) and, if so, adds a DRX cycle length to the receive time of the current frame.
This solution raises three problems:

1.) For packets which were lost during upload, the arrival time at eNodeB2 is 0 not -1 since only UE1_eNB2_dly is modified not UE1_eNB2_time (see Section 5). 

2.) Since the frames are compared after receiving and not during scheduling, the previous and the current postponed frame share exactly the same downlink block errors. This, however, violates the assumption of statistical independency.

3.) If a postponed frame with retransmission is followed by a frame without retransmission, the second frame arrives before the first one.
In LTE, however, the Radio Link Control (RLC) would reorder Protocol Data Units (PDU) if received out of sequence due to the HARQ operation and therefore prevent out-of-order arrivals of IP packets during radio transmission. Also the third concern covered by [2] argues that out-of-order arrival should not be present (see Section 4).

The following table shows an example of this effect from Condition 1:

	frame number (after re-ordering)
	214
	215
	216
	217
	

	UE1_eNB2_time
	4316
	4332
	4348
	4368
	

	next UE2_scheduling_time
	4330
	4350
	4350
	4370
	

	random eNB2_transmit_delay
	0
	8
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	0
	

	resulting UE1_UE2_time
	4330
	4358
	4358
	4370
	

	check: same receive time
	no
	no
	yes
	no
	(wrong)

	correction of receive time
	–
	–
	+20
	–
	

	corrected UE1_UE2_time
	4330
	4358
	4378
	4370
	

	
	
	
	
	out-of-order arrival
	


This results for the Conditions 1, 2, and 3 of the profiles provided with S4-AHQ109 [2] in 67, 5, and 14 erroneous out-of-order arrivals, respectively.

For a DRX cycle length of 40ms, the concern is addressed with a similar approach which exhibits the same flaws.
A simple fix in downlink direction without the need to distinguish between DRX cycle lengths would be to

· handle the case UE1_eNB2_time(frame) == 0 in a different while loop beforehand (as they are sorted to the beginning) and
· break the while loop after drx_cycle_length/frame_size frames.

In uplink direction, a change of the code of [2] since UE1_scheduling_time is already incremented by drx_cycle_length for each run of the loop, which ensures that two packets are transmitted simultaneously for a DRX cycle of length 40ms.
3.4 General discussion of concern raised by [1]
Despite the implementation issues discussed above, the authors tend to disagree with the concern itself, that not more than one frame can be transmitted in a DRX cycle of 20ms length and not more than two frames in a DRX cycle of 40ms length.
According to 3GPP TS 36.322 [4], the Radio Link Control (RLC) concatenates multiple Service Data Units (RLC SDU), which are in this case basically the individual IP packets from the upper layer, such that they fit within the total available size for the Protocol Data Unit (RLC PDU).
In connected DRX mode, the RLC accordingly buffers all IP packets which arrive during the sleep period of a DRX cycle and packs them (as long as the resources permit) in one RLC PDU. The MAC layer transforms this RLC PDU into a Transport Block, which is transmitted over the air in the active period of the DRX cycle. As this process works independent of the type and content of the IP packets, multiple VoIP frames can indeed be transmitted in one DRX cycle. Fig. 1 illustrates the different configuration with the example of a 20 ms DRX cycle.
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Fig. 1: DRX – cycle illustration of various situations
4 Concern raised by [1]: Out-of-order arrival

The third concern which is raised by [1] and covered by contribution S4-AHQ109 [2] is:

c) “Out of order packet arrival is observed for all profiles. This may need review as, with the current limited EPC jitter, out-of-order arrival may not be expected.” [2]

[2] further states that “[…] this behaviour should not be happening with the existing profiles. Indeed, for all conditions in 3GPP TS 26.132 Annex E, the difference between the minimum and maximum delay at the EPC is less than one frame. It results that out-of-order packet arrival should not be present in the profiles.”

This conclusion would be correct if the uplink was error-free. But since the uplink block error rate is greater than zero, HARQ re-transmissions occur in the uplink. In this case, the maximum number of retransmissions multiplied by the HARQ delay offset (2 · 8 = 16ms in all three conditions) plus the difference between the maximum and the minimum network delay (6ms for Condition 1 and 2, 12ms for Condition 3) can be more than one frame. Therefore, out-of-order arrivals are valid within the given prerequisites of the simulation model and occur in the delay profiles.
Indeed, in the profiles provided with S4-AHQ109 [2], Condition 1 still exhibits one out-of-order arrival (packet 2668) which is caused by this effect.
In the real-world, if the network has more than one possible route between the two involved eNodeBs and an earlier packet is delayed in a traffic jam, a later packet could use a different route and in the end arrive earlier, i.e., out-of-order.

Even though out-of-order arrival might today not be very likely, it can occur in real networks and should therefore be tested as part of the packet delay profile.
5 Packet loss indication

Contribution S4-AHQ109 [2] finally “provides the code changes needed to indicate a packet loss as -1, instead of 0 as this was requested by some companies”. These code changes basically involve the two lines
UE1_eNB2_dly = max(-1, UE1_eNB2_time-wall_clock);
and

UE1_UE2_dly = max(-1, UE1_UE2_time-wall_clock);
The authors welcome this proposal and consider these changes as useful.
6 Conclusions

In this contribution, the contribution S4-AHQ109 [2] is discussed and the proposed code changes are reviewed.
As a result, the authors disagree with the arguments, why the assumptions of the simulation model must be changed. Accordingly, the authors propose to accept the only proposed code changes discussed in Section 5 and otherwise stick with the current status quo.
If the relevant standards for packet handling in LTE and VoLTE were misunderstood in the past and the assumptions of the simulation model must indeed to be modified, a reference should be given to clarify the misunderstanding. Furthermore, the proposed code changes should be re-worked in this case as they contain serious flaws.
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