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1.
Introduction
In the RAN2 #48bis meeting, three CRs on single sided RLC re-establishment were contributed [1] [2] [3]. A discussion was done without conclusion due to time constraint of that meeting. But explicit description of the control PDUs or SUFIs was generally agreed as a way forward, although there was a comment on the necessity of the correction to Rel-5.
This document illustrates more about the impact of the problem of current single sided RLC re-establishment procedure.
2. Problem description
2.1 
Current Specification

The current specification on single-sided RLC re-establishment can be summarized as follows:

1. Even when only the RLC receiving side is re-established, the specification requires that control PDUs in both transmitting and receiving sides are discarded. This means that MRW SUFI and RESET PDU, if any, will be discarded also even though they are not applicable to the receiving side. 
2. In addition, when only the RLC receiving side is re-established, the timer operation is not specified. Two straight-forward timer operations can be envisaged: (1) Strictly following the current specification, do not affect any timer at all. (2) The same operation as when a transmitting side or both sides are re-established is followed, i.e. implementations might choose to stop all timers except Timer_Poll_Periodic, Timer_Status_Periodic and Timer_Discard. As a result, Timer_Poll, Timer_RST and Timer_MRW may be stopped. Problems of these two straight-forward operations are analyzed in the next sub-section.   

3. When only the RLC transmitting side is re-established, the specification requires Timer_Status_Prohibit being stopped. 
4. When only the RLC transmitting side is re-established, the specification requires that control PDUs in both transmitting and receiving sides are discarded. This means that STATUS PDU, MRW ACK SUFI and RESET ACK PDU will be discarded. 
The control PDUs and timers are not specified explicitly regarding whether they belong to the receiving side or the transmitting side. However, according to the behaviors of the functions, we can summarize the categories of the control PDUs, SUFIs in STATUS PDU, and timers for AM as shown in Table 1.

	
	Transmitting Side
	Receiving Side

	Control PDU (excluding STATUS PDU)
	RESET PDU
	RESET ACK PDU

	SUFI in STATUS PDU
	WINDOW, 

MRW
	ACK, LIST, BITMAP, RLIST, 

MRW_ACK

	Timers
	Timer_Poll,
Timer_Discard,
Timer_RST,
	Timer_Poll_Prohibit, 
Timer_Poll_Periodic, 
Timer_MRW
	Timer_Status_Prohibit, Timer_Status_Periodic 


Table 1.

2.2 
Potential Problems

Single sided RLC re-establishment was introduced to cover the requirement of RLC PDU size change for switching between DCH and HS-DSCH [4]. The trigger of a single sided RLC re-establishment is independent of other RLC functions and procedures. In other words, when a single sided RLC re-establishment is triggered, there may be other on-going RLC procedures. The current single sided RLC re-establishment procedure might cause delay or stall for procedures proceeding on the other side. 

2.2.1 Receiving side only RLC re-establishment in UE
a) MRW procedure

The MRW procedure is well specified in the specification. An MRW procedure without interaction with single sided RLC re-establishment is shown in Fig. 1(a), where the MRW SUFI is assumed to be lost during its first transmission. The MRW SUFI will be retransmitted when Timer_MRW expires. 
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Fig. 1(b) shows an MRW procedure interleaving with a receiving-side only RLC re-establishment. Suppose the MRW SUFI is lost during its first transmission. At this moment, the UTRAN configures the UE to change its DL PDU size. By the current specification, MRW SUFI is discarded and operation of Timer_MRW is not specified. The transmitter side of UE will not be able to retransmit the MRW SUFI whether Timer_MRW is stopped or not. The MRW procedure is stalled. In addition, even if MRW SUFI is not discarded and Timer_MRW is stopped, the stall situation remains. Thus, to solve this problem, MRW SUFI shall not be discarded and Timer_MRW shall not be stopped. Note that UTRAN cannot solve the stall situation by itself because UTRAN has no clue that a MRW procedure has been triggered in UE.

The impact of this problem is deemed to be high.

b) Reset Procedure

Similarly, when a Reset procedure interleaves with a receiving side only RLC re-establishment, the Reset procedure might get stalled no matter Timer_RST is stopped or not. Same as above, UTRAN cannot solve this stall situation by itself because UTRAN has no clue that a RESET procedure has been triggered in UE.

The impact of this problem is deemed to be high.

c) Polling Function

When a polling procedure interleaves with a receiving-side only RLC re-establishment, the situation is also similar to the MRW procedure. If Timer_Poll is stopped in the UE and if Timer_Poll_Periodic is not configured for the RB, data transmission will be stalled. Unlike the above two cases, UTRAN can always configure Timer_Poll_Periodic to avoid the stall condition. Still, even a smart UTRAN with Timer_Poll_Periodic configured, a missing poll would not be resent again in proper time (assuming Timer_Poll is shorter than Timer_Poll_Periodic) so that the transmission time would be delayed unnecessarily. 

The impact of this problem is deemed to be low.

d)
 Timer_Status_Prohibit

As mentioned before, the timer operation in this situation is not specified. If Timer_Status_Prohibit is not stopped as strictly following the specification, after the re-establishment, Timer_Status_Prohibit is active if it was started before re-establishment. A status reported will be delayed unnecessarily until Timer_Status_Prohibit expires.

The impact of this problem is deemed to be low.

2.2.2 Transmission side only RLC re-establishment in UE

a) RESET ACK PDU and MRW_ACK SUFI

If a transmission side only RLC re-establishment is triggered before RESET ACK PDU or MRW_ACK SUFI is sent out, they will be discarded by the current specification. There is no retransmission scheme for RESET ACK PDU or MRW_ACK SUFI in current specification. UTRAN will retransmit RESET PDU or MRW SUFI after Timer_RST or Timer_MRW expires, the RESET or MRW procedure will not be stalled but will be delayed unnecessarily.

The impact of this problem is deemed to be medium. 
b) Status report

The SUFIs in a status report include ACK, LIST, BITMAP and RLIST. If a transmission side only RLC re-establishment is triggered before these SUFIs are sent out, they will be discarded by the current specification. There is no retransmission scheme for status report in current specification after EPC scheme was removed. Data transmission will be slowed down unnecessarily.

In addition, when a transmission side only RLC re-establishment is triggered, Timer_Status_Prohibit is stopped. Because Timber_Status_Periodic may expire right after a status report was sent out and the re-establishment procedure was triggered, status report will be sent out more often than configured. Consequently, a PDU negatively acknowledged twice will be retransmitted twice. For RB, this will slow down transmission speed. Note that there is no NACK retransmission prohibit scheme in the current specification. One can argue that for the status reports that were received so closely in time, e.g. less than round trip delay time, the smart receiver will treat only one of them. But it’s questionable whether this smart re-transmission is allowed; section 11.3.2 and 11.5.3 of 25.322 just states that the sender shall schedule the AMD PDU which is negatively acknowledged for retransmission.

The impact of this problem is deemed to be medium.
2.2.3 Transmission delay caused by scheduling

Though we can generally assume that control PDU is transmitted immediately, it’s not always true.

First of all, the priority of the RB matter. For example, assume that SRB and PS RB exist and SRB has higher priority than PS RB. If the SRB is transmitting some RRC message and PS RB has control PDU to send, then transmission of control PDU of PS RB is delayed until transmission on SRB is complished. It’s because TFC selection on MAC occurs based on the priority of RB. 

The second case is HSUPA/HSDPA. When all the MAC process is engaged in transmission, then newly generated control PDU generated in RLC has to wait until a MAC process is available for new transmission. 
Third case is piggybacked control PDU. MAC PDU containing both user data and control PDU, then what is the priority of this PDU compared to PDU containing only user data. While some companies may have implemented it as control PDU, some companies have implemented it as user data PDU.

The transmission delay scenarios are illustrated in Fig. 2(a) and Fig. 2(b). Fig. 2(a) shows the transmission delay without interleaving with single sided re-establishment. MRW procedure can be finished normally.
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Then discarding control PDU in single-side re-establishment will cause longer delay. Consider following scenario.

1.
MRW is triggered.

2.
Transmitting side composes MRW SUFI.

3.
MRW SUFI is not transmitted immediately and waiting to be transmitted because of above reasons.

4.
During the waiting time of step 3, receiving side re-establishment occurs.

This is shown in Fig. 2(b). According to current specification, the RLC entity delete all the control PDUs in step 4. Thus the current MRW procedure does not work well in above example scenario. In addition, the problem is not helped by timer, which is not started. Following is the definition of Timer_MRW of section 9.5 of 25.322:

In the UE this timer shall be started (or restarted) when the successful or unsuccessful transmission of a STATUS PDU containing the MRW SUFI is indicated by lower layer

If the RLC does not transferred any RLC PDU to MAC, then MAC will not give any indication to RLC. This means that when control PDU is not transferred to MAC, then Timer_MRW will not be started. Because of this, when the UE does not immediately transmit MRW SUFI after above step 4, the stall situation is not removed. 

Same thing can be said of RESET PDU. For reset procedure, when RESET procedure stalls, the call will eventually drop. So the problem is more severe.

 The impact of this problem is deemed to be high.
3.


Proposal

The problems illustrated above happen because the control PDUs and timers applicable for one side of an AM entity are affected when the other side of the entity is re-established. Therefore, we propose the following:

When one side of an AM entity is re-established, control PDUs, SUFIs and timers of the other side of the entity shall not be affected. 

In other words, only relevant SUFIs are removed from control PDU and control PDU containing other SUFIs are transmitted normally after re-establishment. More precisely, in case of receiving side re-establishment procedure, MRW SUFI and RESET PDU are not deleted and transmitted normally after re-establishment. And in case of transmitting side of re-establishment procedure, MRW ACK SUFI and RESET ACK PDU are not deleted and transmitted normally after re-establishment. Timers applicable to the other side that is not re-established are not affected.

Moreover, if there were control PDUs scheduled but not transmitted before single-sided re-establishment is triggered, the control PDUs and SUFIs that are not discarded shall be assembled into new control PDUs and scheduled for transmission.
4.
Conclusion
This document presents a overview of contol PDUs, SUFIs and timers for AM entity, which are catagorized into the receiving side and the transmission side. The potential problems of the current RLC re-establishment procedure are analyzed. It is found that the impact of some potential problems is high while impact of other potential problems is low or medium. To solve the problem completely, the attached CR to Rel-5 is proposed for discussion and decision.
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9.7.7
RLC re-establishment function for acknowledged and unacknowledged mode

RLC re-establishment is performed upon request by upper layers.

The RLC re-establishment function is applicable for AM or UM RLC. For UM, the whole RLC entity is re-established. For AM, upper layers may request re-establishment of the whole RLC entity or only the transmitting or receiving side of the RLC entity.

When an UM RLC entity is re-established by upper layers, the RLC entity shall:

-
reset the state variables to their initial value;

-
set the configurable parameters to their configured value;

-
set the hyper frame number (HFN) to the value configured by upper layers;

-
if it is a receiving UM RLC entity:

-
discard all UMD PDUs.
-
stop all timers;
-
if it is a transmitting UM RLC entity:
-
discard the RLC SDUs for which one or more segments have been submitted to a lower layer;
-
if requested:

-
inform the upper layers of the discarded SDUs.

-
not stop Timer_Discard if the RLC SDU is not discarded.

When the transmitting and/or receiving side of an AM RLC entity is re-established by upper layers, the RLC entity shall:

-
if the receiving side of the RLC entity is re-established:

-
reset the state variables specified for the receiver in subclause 9.4 to their initial values;

-
set the configurable parameters applicable for the receiving side in subclause 9.6 to their configured values;

-
set the hyper frame number (HFN) in the receiving side (DL in the UE) to the value configured by upper layers;

-
discard the AMD PDUs in the receiving side.
-
if only the receiving side of the RLC entity is re-established:

-
discard RESET ACK PDU, acknowledgement status report and MRW_ACK SUFI in all STATUS PDUs and piggybacked STATUS PDUs (i.e. discard all control PDUs except RESET PDU, WINDOW SUFI and MRW SUFI); 

-
stop the timer Timer_Status_Prohibit; 
-
for the control PDUs and SUFI that were scheduled for transmission before re-establishment but were not delivered to lower layer: 
-
assemble the control PDUs and SUFIs that were not discarded into new control PDUs with the configured RLC PDU size; 
-
schedule the new control PDUs for transmission;
-
if the transmitting side of the RLC entity is re-established:

-
reset the state variables specified for the sender in subclause 9.4 to their initial values;

-
set the configurable parameters applicable for the transmitting side in subclause 9.6 to their configured values;

-
set the hyper frame number (HFN) in the transmitting side (UL in the UE) to the value configured by upper layers.

-
if only the transmitter side of the RLC entity is re-established:

-
discard RESET PDU, WINDOW SUFI and MRW SUFI in all STATUS PDUs and piggybacked STATUS PDUs (i.e. discard all control PDUs except RESET ACK PDU, acknowledgement status report and MRW_ACK SUFI); 
-
for the control PDUs and SUFI that were scheduled for transmission before re-establishment but were not delivered to lower layer:
-
assemble the control PDUs and SUFIs that were not discarded into new control PDUs with the configured RLC PDU size; 
-
schedule the control PDUs for transmission;
-
stop Timer_Poll, Timer_RST, Timer_MRW, Timer_Poll_Prohibit;
-
discard all SDUs in the transmitting side that have been completely transmitted (the AMD PDUs containing segments of the SDU and the "Length Indicator" indicating the end of the SDU have been transmitted);
-
re-segment the SDUs that were not discarded into AMD PDUs with the configured RLC PDU size (that may be different from the size before the re-establishment).

-
if both the transmitter and receiver side of the RLC entity is re-established:
-
discard the control PDUs in both transmitting and receiving side and the AMD PDUs in the transmitting side.

-
stop all timers described in subclause 9.5 except Timer_Poll_Periodic and Timer_Status_Periodic, and Timer_Discard for SDUs that have not been discarded;

-
if requested:

-
inform the upper layers of the discarded SDUs.
NOTE:
If the TFC selection exchange has been initiated by sending the RLC Entity Info parameter to MAC, the RLC entity may delay the re-establishment function until the end of the next TTI.
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