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1 Introduction

This paper analyze R6 RLC to see to which extent it can be reused for LTE. 
2 Analysis on R6 RLC
Only RLC AM is analyzed, because RLC UM/TM is relativey simple protocol and can be considered as a subset of RLC AM. 
In general, functions of RLC AM can be categorized to ARQ releated ones and other functions.

· ARQ related: Rx/Tx window operation, STATUS report notation, STATUS report triggering, Polling PDU triggering
· Other functions: SDU discard, RLC re-establishment, RLC RESET, Local suspension, RLC stop/resume

Rx/Tx window 
RLC Rx/Tx window is used for flow control between the RLC transmitter and the RLC receiver. RLC transmitter is not allowed to send RLC PDUs beyond the Tx window upper edge, and the window moves forward only when the RLC PDU in the lower edge is acknowledged from the RLC receiver. 
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Figure 1. R6 Tx/Rx window
In R6 RLC, the window size is based on the number of RLC PDUs. It’s possible because there is only one RLC PDU size per logical channel so that the number of RLC PDUs means the size of window. 

In LTE, it is very likely that RLC PDU size is dynamic depending on the instantaneous channel condition and the allocated resource.

Therefore it seems not possible to reuse the R6 Rx/Tx window for LTE, where number of RLC PDUs indicates nothing about the actual buffer size.  

STATUS REPORT notation
 R6 RLC has one ACK notation and three NACK notations.
· ACK SUFI accumulatively acknowledges all PDUs upto LSN.

· BITMAP SUFI selectively NACKs PDUs in the flexible sized bitmap.

· LIST SUFI selectively and collectively NACKs PDUs.

· RLIST SUFI selectively NACKs PDUs whose distance is long.

All the above SUFIs use RLC SN to indicate a RLC PDU. We have 3 different NACK notations to signal more negative acknowledgements within a size limited STATUS PDU. 

It should be noted that BITMAP, LIST, RLIST are not well fitted to the segmented retransmission where the distance between missing PDU is not integer.

Provided that one RLC PDU is transmitted in a TTI, we don’t expect many consecutive missing PDUs in a window, so our opinion is that ACK/NACK notation should be simplified, and that R6 RLC NACK notations are not adequate for LTE NACK notation. 
STATUS REPORT triggering
R6 RLC has four triggers.
· Detection of missing PDU(s): configured by higher layer
· Timer based triggering: configured by higher layer

· Polling bit set in a received PDU: always configured

· An indicator from MAC (upon HSDPA cell change): always configured

We assume that missing PDU trigger might be useful but needed to be enhanced because of HARQ out-of-reception which should be handled by RLC in LTE. 

Timer based trigger seems useless provided that polling triggers are properly configured. Indeed timer based trigger in R6 RLC is quite inefficient that periodic status report is sent even during inactivity. 

Triggers of the polling bit and of the indication from other layer might still be needed in LTE. 
Polling PDU triggering
R6 RLC has 7 triggers as shown in the table.

	
	Related Timer, Protocol parameters
	Note

	Last PDU in the buffer
	None
	Needed in LTE

	Last PDU in the retransmission buffer
	None
	Do we really need both Last PDU in buffer and retransmission buffer?

	Timer based
	Timer_Poll_Periodic
	Not needed?

	Every Poll_PDU PDU
	Poll_PDU
	Not needed?

	Every Poll_SDU SDU
	Poll_SDU
	Not needed?

	Window based
	Poll_Window
	For stall avoidance

	Poll timer
	Timr_Poll
	For lost polling PDU recovery


7 triggers seems too much by any means, so those should be cleaned up somehow.

We think only those triggers that proved as necessary should be reused. 

SDU discard
In R6 RLC,  a RLC SDU is discarded when it crosses a predefined threshold. This is the necessary function because we don’t want to try to transmit a RLC PDU forever.  
There are four discard modes, which is configured by RRC in RB setup procedure.
	
	Related Timer, Protocol parameters
	Note

	Timer based explicit
	Timer_discard, Timer_MRW, Max_MRW
	Needed in LTE to avoid deadlock situation.

	Timer based no explicit
	Timer_discard
	Needed in LTE for RLC UM mode

	Max DAT retransmissions
	Max_DTA, Timer_MRW, Max_MRW
	Needed?

	No discard
	Max_DAT
	Needed?


We believe SDU discard function is still needed, but not all of 4 discard modes will be necessary.

We think only those discard modes that proved as necessary should be reused. 
RLC re-establishment and RLC RESET
Even though the procedures are inteneded to be used for the different scenarios, the consequence are very similar that roughly speaking all the protocol parameters and timers are initialized and data in the buffer are discarded and HFNs are synchronized. 

It should be studied whether those two procedures could be combined to a single procedure in LTE. 

Local suspension and RLC stop/resume
Again we don’t see any significant reason to have both functions. we assume RLC stop/resume would be enough. 
3 New functions for LTE RLC
It is still stage 2, so it is not yet clear what kind of new functionalities will be required. 
Based on the discussions in RAN2 so far, we think belows are likely new functions.

· RLC PDU size adaptation function both for the initial transmission and the retransmissions

· Reordering function to resolve out-of-reception in HARQ

· HARQ assisted ARQ retransmission

Actually we can copy and paste HARQ reordering in the HSDPA for the second function, but the other two are new ones, which will introduce new sections in the RLC specification.
4 Conclusion

Simple RLC is everyone’s desire, and we believe reusing/modifying R6 RLC would make it difficult to achieve. As we see in the section 2, many R6 RLC functions are deemed unnecessary , but we have to somehow prove it to get rid of them from the existing RLC if we reuse existing RLC specification. 

On the other hands if we start with new specification, we don’t need to bother to remove unnecessary functions and instead we can focus on discussing new functions. Meanwhile we can copy and paste any parts of R6 RLC whenever it is agreed as necessary, so it does not mean that we start from the scratch. 
Our proposal, therefore, is to create a new L2 specification for LTE and import only those functions proved as necessary from R6 RLC. 
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