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1 Introduction

This paper analyzes some potential problems current RLC AM beares. It is proposed to disucss the problems and the proposed solutions. 
2 Points to Discuss
2.1 Last PDU missing
SRB 2/3/4 is operating in AM mode. L2 retransmission is quite quick most of cases .Nonetheless, L2 retransmission has unnecessary delay when the last polling bit is lost as depicted in the figure below. 
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Figure 1: Last PDU missing problem
At transmitter, following polling triggers can be configured.
Last PDU in buffer, Last PDU in Retransmission buffer, Poll timer, Every Poll_PDU PDU, Every Poll_SDU SDU, Window based

And none of these can make the receiver send a status report when the last PDU is missing. 

This is not a big problem in case of user data transmission, where trains of SDUs would be provided to the Tx buffer so that transmitter can send polling bit any time it wants. 

In case of SRBs, this may be a problem however. 

In SRB generally only one SDU is generated at a time, and missing the last PDU of a SDU means that a status report will be triggered at the expiry of Timer_Status_Periodic. Consequently retransmission will be delayed that much. 

FYI, Timer_Status_Periodic can be configured by one of Integer(100, 200, 300, 400, 500, 750, 1000, 2000) msec.
Moreover when periodic status report is not configured, recovery will rely on unsolicited retransmission, which is implementation dependent. 
Proposed Solutions

We can easily find 2 solutions; One based on new polling trigger and the other based on new STATUS trigger.

The problem arises only when the last PDU is missing. So a straightforward solution is to make transmitter send last PDU several times if the PDU have polling bit set. This is simple solution but bears inefficiency in a sense that the last PDU is always retransmitted. 
Alternatively we can solve the problem by defining STATUS REPORT trigger such that receiver send STATUS PDU when it detects to-be-received PDU is not received yet. The idea is that receiver send STATUS PDU when it detects several TTIs passes without RLC PDUs being assembled (strong indication that the last PDU is missing). The length of waiting time could be configured by upper layer. This is more efficient than the polling based solution in bandwidth point of view, but is not working for a short SDU which is contained within a PDU.
2.2 Efficiency of STATUS PDU transmission
There are 2 ways of transmitting RLC control information, sending a STATUS PDU or sending a piggybacked STATUS PDU. 
RLC AM allows only one PDU size, and this size will be used both for AMD PDU and STATUS PDU. 

Below table lists SUFIs and their size.
Table 1: SUFIs currently defined
	SUFI
	Size (bit)
	Note

	No More Data
	4
	

	Window Size
	16
	

	ACK
	16
	To be present in every status report

	LIST
	8 + 16 * n 
	n: number of erroneous PDU groups. Only for NACK. efficient for burst error case

	BITMAP
	8 + 12 + (8 ~ 128)
	Both for ACK and NACK.

	Rlist
	8 + 12 + 4 * n
	n: number of erroneous PDU. Only for NACK. efficient for rare error case

	MRW
	8 + 12 * n + 4
	n: number of SDUs discarded

	MRW_ACK
	8 + 12
	


Most frequently exchanged control information would be status information (ACK/LIST/BITMAP/Rlist) rather than other control information (MRW, MRW_ACK, Window Size). 

As we see in the table, the size of a STATUS PDU (containing LIST or Rlist or BITMAP + ACK) would be limited given that there are not excessive number of NACKs. 

Below table shows typical sizes of a STATUS PDU.
Table 2: Typical size of a STATUS PDU
	STATUS PDU
	Size (bit)
	Note

	PDU hdr + ACK
	4 + 16 = 20
	No missing PDU

	PDU hdr + Rlist + ACK
	4 + (8+12) + 16 = 40
	1 PDU missing

	PDU hdr + Rlist + ACK
	4 + (8+12+4*3) + 16 = 52
	(not adjacent) 4 PDUs missing

	PDU hdr + LIST + ACK
	4 + (8+16*3) + 16 = 76
	50 (adjacent) PDUs missing


In SRB 2/3/4 whose RLC PDU size is configured to 128 bit, a STATUS PDU will have 108 bit padding most of time. 

In DTCH whose RLC PDU size is configured to 320 bit, a STATUS PDU will have 300 bit padding if it is not piggybacked to AMD PDU. Most traffic we have today are asymmetric ones, where data transmission for one direction is bursty while data transmission for the other direction is quite rare. Then there is not much chance that we have a AMD PDU to piggyback a status report.  

Proposed Solutions

We can configure 2 RLC PDU sizes, one for AMD PDU and the other for STATUS PDU. The reason we have only one RLC PDU size for RLC AM is because of ARQ operation. if you have variable sizes for AMD PDU, you can not guarantee the retransmitted PDU will have the same size with the original one, which would bring a lot of complexity. 

So having one more PDU size only for STATUS PDU would not cause problem in principle. 

But having 2 PDU sizes allowed for a RLC AM logical channel looks a bit radical, besides from unidentified effects we could have in the future. 

On the other hand, it seems that we already allows 2 PDU sizes for a RLC AM using 2 logical channels. Although this is not explicitly specified, we can find some hint here and there that we can apply different size for STATUS PDU.

Quoted from 9.2.1.5

A STATUS PDU can include super-fields of different types. The size of a STATUS PDU is variable and upper bounded by the maximum RLC PDU size used by the logical channel on which the control PDUs are sent. Padding shall be included to match one of the PDU sizes used by the logical channel on which the control PDUs are sent. The length of the STATUS PDU shall be a multiple of 8 bits.
Then the proposal is to use 2 logical channels in case the padding efficiency of STATUS PDU matters. This will be implementation choice and there will be no standard issue.
2.3 Enhancing Periodic Status Reporting Efficiency 
STATUS REPORT could be triggered either by polling based or by timer based or by both. In case of timer based STATUS PDU trigger, it is specified that  ‘when Timer_Status_Periodic expires, a status report shall be triggered and the timer shall be restarted.’. 
It means that status reports containing same information woul be transmitted most of time in such logical channels where data transmission is intermittent and infrequent. 
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Fig 1: Periodic status reporting

For example, SRB2/3/4 generates small amount of data only from time to time, but STATUS PDU containing ACK SUFI will be sent everytime Timer_Status_Periodic expires, and those ACK SUFIs contain the same LSN. 
Proposed Solution
One simple solution is to allowe receiver to send a status report only when it contains the information different from the previous one. 

Receiver informs transmitter in a status report which PDUs are received and which PDUs are not received up to then. Not like positive acknowledgement, the negative acknowledgement information shall be sent to the transmitter even the information is not different from the previous one, because it menas missing PDUs have not been retransmitted yet. 
So the proposal is to make receiver not to send periodic status report when the report contains only ACK SUFI and the LSN of the ACK SUFI is same with that of the previous ACK SUFI. 
3 Conclusion
Three problems in RLC AM operation are analyzed, and solutions are proposed.

· Regarding last PDU missing problem, either polling based solution or STATUS PDU based solution could be adopted. 
· Regarding excessive padding of  STATUS PDU, RRM could configure 2 logical channels to enhance the padding efficiency.

· Regarding inefficient periodic status reporting, we can modify periodic status reporting procedure so that a status report  is not sent when it contains the same information with the previous report.
It is proposed to discuss above problem and adopt proposed solutions.
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