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Discussion 
1 Introduction

Last meeting an issue was raised that ePHR would increase the possibility of undesirable voice packet segmentation in [1], which seems a valid concern. In our understanding it is not only about ePHR but more general issue to be discussed in the wider perspective. This contribution discuss it with other control information and possible other higher priority data also taken into account.
2 How often voice packet segmentation may happen
Various strategies may be applied to VoIP uplink scheduling. Let the size of typical VoIP packet (i.e. RLC SDU containing UOR-0 ROHC packet) be (X-2) byte. Then the strategy would be to allocate resource of (X+N) byte. Greater N is, less segmentation occur. In the following, it will be analyzed in which event segmentation may happen.
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Fig 1
N = 0: TB is exactly fit to contain the typical sized voice packet

The size of typical single voice RLC SDU is (X-2) byte and X byte is allocated. The voice SDU may be segmented if the following events happen upon transmission of voice SDU. 
1 Regular/Periodic short BSR is triggered;
· Regular BSR may be triggered at every single voice SDU arrival. 

· However, triggered Regular BSR does not lead to voice SDU segmentation because of BSR cancellation rule (i.e. All triggered BSRs shall be cancelled in case the UL grant(s) in this subframe can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC control element plus its subheader.)
· Voice SDU segmentation does not happen  

2 Regular/Periodic long BSR is generated;

· If other LCG has data available for transmission in its buffer, long BSR will be triggered. Then the BSR cancellation rule does not apply. 

· Voice SDU segmentation happens

3 Regular/Periodic PHR is generated;

· There is no PHR cancellation rule.

· Voice SDU segmentation happens

4 ePHR is generated

· Voice SDU segmentation happens

5 Higher priority data arrives (or have resided in UE buffer);

· Higher priority data takes precedence in resource allocation. 

· Voice SDU segmentation happens.

6 Bigger voice frame (e.g. type 1 ROHC packet) is generated.

· Voice SDU segmentation happens.

Analysis with various Ns 
The same analysis can be applied for other N. Table 1 shows the summary of the analysis. Details can be found in the Annex.
<Table 1>
	
	N = 0
	N = 2 
	N = 4
	N = 6
	N = tens of byte

	Case 1 (short BSR)
	No segmentation
	No segmentation
	No segmentation
	No segmentation
	No segmentation

	Case 2 (long BSR)
	Segmentation
	Segmentation
	No segmentation
	No segmentation
	No segmentation

	Case 3-1 : no BSR
	Segmentation
	No segmentation 
	No segmentation
	No segmentation
	No segmentation

	Case 3-2 : short BSR
	Segmentation
	Segmentation
	No segmentation
	No segmentation
	No segmentation

	Case 3-3 : long BSR
	Segmentation
	Segmentation
	Segmentation
	No segmentation
	No segmentation

	Case 4 (ePHR)
	Segmentation
	Segmentation
	Maybe seg.
	Maybe no seg.
	No segmentation

	Case 5 (higher prio.)
	Segmentation
	Segmentation
	Segmentation
	Segmentation
	Segmentation

	Case 6 (bigger pkt)
	Segmentation
	No segmentation
	No segmentation
	No segmentation
	No segmentation


It may not be possible to precisely estimate the frequency of each case. What is possible would be to approximate the frequency based on typical configurations. Table 2 shows the approximated frequency of each case. 

<Table 2>

	
	Description
	Approximated Frequency

	Case 1 (short BSR)
	If following conditions are met, short BSR will be triggered at every single SDU arrival;

· No other logical channel than for VoIP has data for transmission

· Voice RLC SDU is served (i.e. put into the PUSCH) before the next RLC SDU arrives. 
The first condition would be met in most cases.
The second condition may or may not be met depending on uplink scheduling policy
	Could be once per 20 ms 

	Case 2 (long BSR)
	If following conditions are met, long BSR will be triggered at every single SDU arrival;

· Other logical channel group than for VoIP has data for transmission

· Voice RLC SDU is served (i.e. put into the PUSCH) before the next RLC SDU arrives. 

The first condition is less likely to be met comparing to Case 1.

The second condition may or may not be met depending on uplink scheduling policy and D-SR periodicity
	Could be, but less likely than Case 1, once per 20 ms

	Case 3-1 : no BSR
	Just for simplicity, only periodic PHR is considered. The summed frequency of events would be approximated with periodicPHR-Timer. Let’s assume it 200 ms 
	Could be once per 200 ms

	Case 3-2 : short BSR
	
	

	Case 3-3 : long BSR
	
	

	Case 4 (ePHR)
	Exclusive to Case 3, but with the same frequency as it.
	Could be once per 200 ms

	Case 5 (higher prio.)
	Assuming that only VoIP session is active during a call, RRC message could be counted as the higher priority data. It may happen twice in a cell. Let’s assume handover occurs every 10 s 
	Could be once per 5000 ms 

	Case 6 (bigger pkt)
	Counting only the transition between talk spurt and silent period, one or two bigger ROHC packets will be generated upon transition. Let’s assume switching occurs every second 
	Could be once per 500 ms


Observations from Table 1 and Table 2 are;
· Segmentation is unavoidable. 
· Selecting proper N would achieve the good trade off between the frequencies of the segmentation and the inefficiency due to padding.
· Going beyond N=4 wouldn’t be very attractive. The overhead is higher than 15% (6/40) while it eliminates the segmentation in just one more (or arguably two more) case; PHR is triggered with long BSR. 
Since the segmentation is not avoidable, we will see what would be consequence of it in the next section.
3 The consequence of the segmentation
When a voice SDU is segmented, the additional delay would be introduced for the specific SDU. 
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Fig 2

If ENB does not know that more resource is required to resolve the segmentation, more SDUs could be segmented. For example, if the first segmented SDU is successfully decoded by ENB after e.g. 4 HARQ transmissions, ENB will allocate more resource at least after 25(= 1+ 3 * 8) ms. During that time frame, another SDU occurs and suffers the additional delay equally. The amount of the additional delay would be correlated to SPS periodicity which is in general 20 ms. The severity of the segmentation would be the function of two facts; 1) How long the transmission delay is and 2) How often segmentation happens.

In the previous section, it is clarified that the frequency could be controlled by selecting proper N. The transmission delay may be depending on the channel condition and assigned MCS level. We assume transmission delay exceeding 20 ms may not happen very often. 
Observation: Provided that segmentation does not occur often, the severity of segmentation would not be considerable.

4 Is having larger N possible?

If N is larger than 4, undesirable segmentation could happen in a specific situation. For example, if the transmission buffer of VoIP logical channel is not empty after transmitting a SDU, part of the next SDU will be transmitted together. It seems not possible to preclude this scenario because of followings;
· There is some delay until the uplink grant for the first voice SDU is allocated;

· If the delay exceeds 20 ms, new SDU will arrive before the old one is served. Then some data will always occupy the transmission buffer.

· To maximize the resource utilization, ENB may force UE to store some data in the transmission buffer. 

If the remaining room is equal to or greater than 3 byte, another SDU can be included in a RLC PDU (2 byte LI + 1 byte payload). If more than 2 byte margin is allocated (i.e. N > 2), ENB has to pay extra caution to ensure that the buffer gets empty after the transmission. 
Observation: If more than 2 byte margin is applied, ENB has to pay extra caution to ensure that the buffer gets empty after the transmission. 

5 Suggestion

From the analysis, we would like to bring the attention to the following observations;
· Voice SDU segmentation cannot be avoided completely. It is just matter of frequency

· By allocating UL resource properly (i.e. with appropriate N), the frequency of voice SDU segmentation could be reduced to an acceptable level.

· If N is more than 2 byte, unwanted segmentation can occur due to non-empty transmission buffer.

In the light of above, we would like to propose;

Proposal: ENB shall take proper care to control SDU segmentation rate to the acceptable level. No new mechanism is required in specification.  
Reference
[1]

R2-120245
TB size mismatch problem with ePHR in combination with Semi-Persistent Scheduling
Panasonic
Annex
N = 2: TB size is 2 byte larger than to contain the typical sized voice packet

The size of typical single voice RLC SDU is (X-2) byte and (X+2) byte is allocated. The voice SDU may be segmented if the following event happens when the voice SDU is transmitted. 

1 Regular/Periodic short BSR is triggered;

· Same as N = 0.

· Voice SDU segmentation does not happen  

2 Regular/Periodic long BSR is triggered;

· Same as N = 0 case (2 byte is not enough to carry long BSR).

· Voice SDU segmentation happens. 

3 Regular/Periodic PHR is triggered;

· If PHR is triggered together with BSR, TB is not big enough to carry all.

· Voice SDU segmentation happens

· If PHR is triggered alone (without BSR), TB is enough to carry all.

· Voice SDU segmentation does not happen  

4 ePHR is triggered

· The minimum size of ePHR is 4 byte.

· Voice SDU segmentation happens

5 Higher priority data arrives (or have resided in UE buffer);

· Higher priority data takes precedence in resource allocation. 

· Voice SDU segmentation happens.

6 Bigger voice frame (e.g. type 1 ROHC packet) is triggered.

· In most cases, 2 more byte would be enough to handle bigger ROHC packet

· Voice SDU segmentation would not happens.

N = 4: TB is 4 byte larger than to contain the typical sized voice packet

The size of typical single voice RLC SDU is (X-2) byte and (X+4) byte is allocated. The voice SDU may be segmented if the following event happens when the voice SDU is transmitted. 

1 Regular/Periodic short BSR is triggered;

· Same as N = 2.

· Voice SDU segmentation does not happen  

2 Regular/Periodic long BSR is triggered;

· 4 byte is enough to carry long BSR.

· Voice SDU segmentation does not happen. 

3 Regular/Periodic PHR is triggered;

· If PHR is triggered together with long BSR, TB is not big enough to carry all the data.

· Voice SDU segmentation happens

· If PHR is triggered alone (without BSR) or with short BSR, TB is big enough to carry all the data.

· Voice SDU segmentation does not happen  

4 ePHR is triggered

· The minimum size of ePHR is 4 byte (2 byte MAC subheader + 1 byte BITMAP +3 of  Type 1 PHs)

· However, the size of ePHR would be more than 4 byte in most cases (it is likely that at least one SCell is activated)

· voice SDU segmentation likely happens

5 Higher priority data arrives (or have resided in UE buffer);

· Higher priority data takes precedence in resource allocation. 

· Voice SDU segmentation happens (provided that higher priority SDU is larger than 2 byte).

6 Bigger voice frame (e.g. type 1 ROHC packet) is triggered.

· In most cases, 2 more byte would be enough to handle bigger ROHC packet

· Voice SDU segmentation would not happens.

N = 6: TB size is 6 byte larger than to contain the typical sized voice packet

The size of typical single voice RLC SDU is (X-2) byte and (X+6) byte is allocated. The voice SDU may be segmented if the following events happen when the voice SDU is transmitted.. 

1 Regular/Periodic short BSR is triggered;

· Same as N = 2

· Voice SDU segmentation does not happen  

2 Regular/Periodic long BSR is triggered;

· 4 byte is enough to carry long BSR.

· Voice SDU segmentation does not happen. 

3 Regular/Periodic PHR is triggered;

· If PHR is triggered together with long BSR, TB is not big enough to carry all the data.

· Voice SDU segmentation happens

· If PHR is triggered alone (without BSR) or with short BSR, TB is big enough to carry all the data.

· Voice SDU segmentation does not happen  

4 ePHR is triggered

· 6 byte can carry 3 of Type 1 PHs 

· voice SDU segmentation does not likely happens

5 Higher priority data arrives (or have resided in UE buffer);

· Higher priority data takes precedence in resource allocation. 

· Voice SDU segmentation happens (provided that higher priority SDU is larger than 2 byte).

6 Bigger voice frame (e.g. type 1 ROHC packet) is triggered.

· In most cases, 2 more byte would be enough to handle bigger ROHC packet

· Voice SDU segmentation would not happens.

N = tens of bytes: TB size is much larger (e.g. tens of byte) than the typical voice packet size

The size of typical single voice RLC SDU is (X-2) byte and (X+ tens) byte is allocated. The voice SDU may be segmented in the following cases. 

1 Regular/Periodic short BSR is triggered;

· Same as N = 2

· Voice SDU segmentation does not happen  

2 Regular/Periodic long BSR is triggered;

· Voice SDU segmentation does not happen. 

3 Regular/Periodic PHR is triggered;

· Voice SDU segmentation does not happen  

4 Higher priority data arrives (or have resided in UE buffer);

· Higher priority data takes precedence in resource allocation. 

· Voice SDU segmentation may happen.

5 ePHR is triggered

· voice SDU segmentation does not happen

6 Bigger voice frame (e.g. type 1 ROHC packet) is triggered.

· Voice SDU segmentation would not happens.
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