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1.  Introduction

RRC signalling currently support reconfiguration of RLC parameters during a connection, e.g. with a RADIO BEARER RECONFIGURATION message. However, as discussed at RAN2#32 in relation to document R2-022651 the actions related to a reconfiguration (particularly a reduction) of the RLC window size are not explicitly specified in 25.322.

This document highlights why the reconfiguration of the RLC window size is highly beneficial and proposes clarifications in 25.322 to support this reconfiguration.

2.  Need for reconfiguration of the RLC window size

Consider a UE with UE reference class 384 kbps. According to 25.306, typical RLC capabilities for this UE class is 50 Kbyte UE memory and maximum 6 AM RLC entities. Thus, the UE can potentially use 3 parallel PS RABs (In the following discussion we focus on the case with 2 simultaneous PS RABs (e.g. 2 parallel interactive RABs or one interactive and one streaming RAB).

When the first PS RAB is setup, UTRAN can not know if a second (or third ) PS RAB will be setup in the future. As the RLC window size of the first PS RAB can not be reduced when a subsequent RAB is setup, UTRAN need to take into account the memory usage of RABs that may potentially be setup in the future. To allow for e.g. 2 parallel PS RABs, UTRAN can only allocate half of the available UE memory for the first PS RAB, leading to a reduced performance.

Assume e.g. that the window size for SRB2-4 have been configured to 128 (if the UE has made handover from GSM this is the only choice with default configurations).

If the RLC window size could be reduced at reconfiguration, UTRAN could now allocate the whole remaining memory for the first PS RAB, e.g. window size 512 in downlink and 256 in uplink resulting in a total memory usage of 42 kbyte. If a second PS RAB is later setup the window sizes could be reconfigured to suit the number of simultaneous RABs.

However, since the potential memory usage of a second PS RAB needs to be considered already when the first PS RAB is setup, the RLC memory can only be configured to e.g. 256 in downlink and 128 in uplink, resulting in a worse performance.

Especially for higher data rates (e.g. 384 kbps) the RLC window size has a significant impact on the performance in terms of delay/throughput. Since 2 parallel PS RABs may only be used in a fraction of the PS connections this implies that a large amount of the UE memory is unused for most UEs and the throughput for PS connections unnecessarily low.

Note: if 3 parallel PS RABs are considered, the problem is even more severe, since UTRAN can only allocate one third of the available UE memory when setting up the first PS RAB.

3.  Solution

Since the reconfiguration of RLC window size is supported in 25.331 and the modelled RLC interaction with higher layers allows for a reconfiguration of any RLC parameter it can be argued that both increase and decrease of the configured RLC window size is already supported in R99. However, in particular when the window size is decreased the UE actions are not unambiguous. It is therefore proposed to clarify the actions related to a decrease of the window size as described below. Note that an AM RLC entity has both a transmitting and a receiving side, i.e. both the receiver and transmitter behaviour is applicable for the UE.

In Figure 1 an example of a window size reconfiguration is shown where the window size is reduced from 16 to 8. In case a) the transmitter and receiver windows cover the same sequence number range and in case b) the receiver window is advanced further than the transmitter window due to that a status message acknowledging PDUs 0 and 1 are not yet sent (or sent but lost over the air interface).
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Figure 1 Example of an RLC window size reduction. The grey PDUs are transmitted/ received and the white PDUs are not yet transmitted /received. 

3.1
Solution A

Reduction of the receiver window

When the receiver window is reduced, some of the PDUs received in the old receiver window may end up being outside the new receiver window. In order to free memory it is proposed that these PDUs shall be discarded in the UE and treated as not being received. This implies that UTRAN needs to retransmit these PDUs after the reconfiguration but this is considered to have little impact on the performance

Reduction of the transmitter window

When the transmitter window is decreased, some of the PDUs transmitted in the old transmitter window may end up being outside the new transmitter window. The first solution that comes to mind is to discard these PDUs from the transmitter in order to free memory. However this have negative consequences:

1) Permanent data loss

If these PDUs are discarded, they can not be retransmitted which would lead to a permanent data loss. This could potentially be acceptable for RBs but would mean that it is not possible to reduce the window size for SRBs. As discussed in relation to the default configurations used at handover from GSM it would be beneficial to be able to reduce the window size from the value 128 used in the default configuration to a lower value to free memory.

2) Errors in protocol operation 

The discarding of PDUs in the transmitter may lead to protocol errors. Consider case b) in Figure 1 above. If the transmitter would discard PDUs outside the new transmitter window it means that PDUs 8-15 are discarded and can not be retransmitted. However, due to that the receiver window in case b) is advanced further than the transmitter window, PDU with SN=8 is within the new receiver window. If this PDU can not be retransmitted the RLC protocol has stalled.

It is therefore proposed that all PDUs that are not positively acknowledged are kept in the buffer. This implies that if UTRAN negatively acknowledges some of the PDUs 8-15 in the example after the reconfiguration, the UE must be prepared to retransmit the PDUs.

This solution implies that the RLC buffer memory required for the reconfigured RLC entity momentarily can be as high as the old RLC window indicates. This could potentially mean that there is not enough free memory to segment all incoming SDUs for all RLC entities. It is therefore proposed to specify that if the memory capability of the UE is exceeded, the UE does not need to segment SDUs received from upper layers. This means that the memory required for all transmitter buffers in the UE will not require more memory than needed to support the configured RLC windows at any time.

Note: The interaction between RLC and higher layers when data can not be transmitted (e.g. due to that the RLC window is full or the RLC entity is suspended) is not specified. However, some form of flow control must exist also in e.g. existing R’99 UE implementations to prohibit a higher layer application to submit data to RLC in these situations.   

3.2
Solution B

The solution A is rather straightforward but has the drawback that it does not work well if in-sequence delivery is not configured. If for example an SDU is present in PDUs 11-12 in case b) this SDU may already be delivered to higher layer when the reduction of the RLC window size occurs. After the reconfiguration these PDUs will be retransmitted by the peer entity and consequently a duplicate of the SDU will be delivered to higher layers. The retransmission of PDUs with sequence numbers outside the old transmitter window also cause additional delay.

As an alternative, a more advanced window handling can be specified as described below:

Reduction of the receiver window

When the receiver window is reduced, all PDUs in the receiver buffer are kept, even if these PDUs are outside the new receiver window. The receiver window is advanced according to the normal rules in 25.322

Reduction of the transmitter window

When the transmitter window is reduced, all PDUs in the transmitter buffer are kept, even if these PDUs are outside the new transmitter window. The transmitter window is advanced according to the normal rules in 25.322

Memory handling

Since all PDUs are kept in the RLC buffers at reconfiguration, it is possible that PDUs transmitted and/or received on the new RAB temporarily causes the UE RLC buffer capability to be exceeded. To handle the possibility that the UE buffer memory may not be sufficient to handle all AMD PDUs during an initial time after the reconfiguration, the following behaviour is proposed:

Before a SDU received from upper layers is processed or a received AMD PDU is stored, the UE must check that the RLC buffer memory is sufficient to store the following PDUs:

- In the receiver side: AMD PDUs with SN in the interval [VR(R)< SN< VR(H)] for all RLC AM entities

- In the transmitter side: AMD PDUs with SN in the interval [VT(A)< SN< VT(S)] for all RLC AM entities

If the processing of a SDU received from upper layer leads to over-allocation of the UE buffer memory according to the signalled UE capability, the SDU shall not be processed.

If the reception of an AMD PDU leads to over-allocation of the UE buffer memory according to the signalled UE capability, the PDU shall be ignored. This check only needs to be performed if the SN of the received PDU causes VR(H) to be increased.

In this way it is guaranteed that a UE always can receive AMD PDUs with SN in the interval [VR(R)< SN< VR(H)] for all RLC AM entities (i.e. retransmissions), which is needed to prevent potential deadlock situations. If this is not guaranteed it is possible that the UE ignores all received PDUs and it is not possible to get out of the stall situation. 

4 Conclusion

Two solutions for handling reduction of the configured RLC window size has been described. Solution A is straightforward but only works if in-sequence delivery is configured and also requires that the PDUs outside the new RLC window are retransmitted after the reconfiguration which implies a larger delay for the user data. 

Solution B requires slightly more advanced memory handling but avoids retransmissions of PDUs after the reconfiguration and also handles the case where in-sequence delivery is not configured.

It is recommended that one of the proposed solutions is included for Rel-4. A draft CR is attached for solution B.
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9.4
State variables

The state variables defined in this subclause are normative.

This sub-clause describes the state variables used in AM and UM in order to specify the peer-to-peer protocol. All state variables are non-negative integers. UMD and AMD PDUs are numbered by modulo integer sequence numbers (SN) cycling through the field: 0 to 212 – 1 for AM and 0 to 27 – 1 for UM. All arithmetic operations contained in the present document on VT(S), VT(A), VT(MS), VR(R), VR(H) and VR(MR) are affected by the AM modulus. All arithmetic operations contained in the present document on VT(US) and VR(US) are affected by the UM modulus. When performing arithmetic comparisons of state variables or Sequence number values a modulus base shall be used. This modulus base is subtracted (within the appropriate field) from all the values involved and then an absolute comparison is performed. At the Sender, VT(A) and VT(US) shall be assumed to be the modulus base in AM and UM respectively. At the Receiver, VR(R) and VR(US) shall be assumed to be the modulus base in AM and UM respectively.

The RLC shall maintain the following state variables in the Sender.

a)
VT(S) - Send state variable.


This state variable contains the "Sequence Number" of the next AMD PDU to be transmitted for the first time (i.e. excluding retransmitted PDUs). It shall be updated after the aforementioned AMD PDU is transmitted or after transmission of a MRW SUFI which includes SN_MRWLENGTH >VT(S) (see subclause 11.6). 
The initial value of this variable is 0.

b)
VT(A) - Acknowledge state variable.


This state variable contains the "Sequence Number" following the "Sequence Number" of the last in-sequence acknowledged AMD PDU. This forms the lower edge of the transmission window of acceptable acknowledgements. VT(A) shall be updated based on the receipt of a STATUS PDU including an ACK (see subclause 9.2.2.11.2) and/or an MRW_ACK SUFI (see subclause 11.6).


The initial value of this variable is 0. For the purpose of initialising the protocol, this value shall be assumed to be the first "Sequence Number" following the last in-sequence acknowledged AMD PDU.

c)
VT(DAT).

This state variable counts the number of times a AMD PDU has been scheduled to be transmitted. There shall be one VT(DAT) for each PDU and each shall be incremented every time the corresponding AMD PDU is scheduled to be transmitted.


The initial value of this variable is 0.

d)
VT(MS) - Maximum Send state variable.


This state variable contains the "Sequence Number" of the first AMD PDU that can be rejected by the peer Receiver, VT(MS) = VT(A) + VT(WS). This value represents the upper edge of the transmission window. The transmitter shall not transmit AMD PDUs with "Sequence Number"
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VT(MS) unless VT(S) ( VT(MS). In that case, the AMD PDU with "Sequence Number" = VT(S) - 1 can also be transmitted. VT(MS) shall be updated when VT(A) or VT(WS) is updated.


The initial value of this variable is Configured_Tx_Window_size.

e)
VT(US) – UM data state variable.


This state variable contains the "Sequence Number" of the next UMD PDU to be transmitted. It shall be incremented by 1 each time a UMD PDU is transmitted.


The initial value of this variable is 0.

NOTE:
For the UTRAN side, the initial value of this variable can be different from 0.

f)
VT(PDU).


This state variable is used when the "poll every Poll_PDU PDU" polling trigger is configured. It shall be incremented by 1 for each AMD PDU that is transmitted including both new and retransmitted AMD PDUs. When it becomes equal to the value Poll_PDU, a new poll shall be transmitted and the state variable shall be set to zero.


The initial value of this variable is 0.

g)
VT(SDU).


This state variable is used when the "poll every Poll_SDU SDU" polling trigger is configured. It shall be incremented by 1 for a given SDU when all the AMD PDUs carrying a part of this SDU have been transmitted at least once. When it becomes equal to the value Poll_SDU a new poll shall be transmitted and the state variable shall be set to zero. The "Polling bit" shall be set to "1" in the first transmission of the AMD PDU that contains the last segment of the SDU.


The initial value of this variable is 0.

h)
VT(RST) - Reset state variable.


This state variable is used to count the number of times a RESET PDU is scheduled to be transmitted before the reset procedure is completed. VT(RST) shall be incremented by 1 each time a RESET PDU is scheduled to be transmitted. VT(RST) shall only be reset upon the reception of a RESET ACK PDU, i.e. VT(RST) shall not be reset when an RLC reset initiated by the peer RLC entity occurs.


The initial value of this variable is 0.

i)
VT(MRW) – MRW command send state variable.


This state variable is used to count the number of times a MRW command is transmitted. VT(MRW) is incremented by 1 each time a timer Timer_MRW expires. VT(MRW) shall be reset when the SDU discard with explicit signalling procedure is terminated. 

The initial value of this variable is 0.
j) VT(WS) – Transmission window size state variable.


This state variable contains the size that shall be used for the transmission window. VT(WS) shall be set equal to the WSN field when the transmitter receives a STATUS PDU including a WINDOW SUFI.


The initial value of this variable is Configured_Tx_Window_size.
The RLC shall maintain the following state variables in the Receiver:

a)
VR(R) - Receive state variable.


This state variable contains the "Sequence Number" following that of the last in-sequence AMD PDU received. It shall be updated upon the receipt of the AMD PDU with "Sequence Number" equal to VR(R).


The initial value of this variable is 0. For the purpose of initialising the protocol, this value shall be assumed to be the first "Sequence Number" following the last in-sequence received AMD PDU.

b)
VR(H) - Highest expected state variable.


This state variable contains the "Sequence Number" following the highest "Sequence Number" of any received AMD PDU. When a AMD PDU is received with "Sequence Number" x such that VR(H)(x<VR(MR), this state variable shall be set equal to x+1.


The initial value of this variable is 0.

c)
VR(MR) - Maximum acceptable Receive state variable.


This state variable contains the "Sequence Number" of the first AMD PDU that shall be rejected by the Receiver, VR(MR) = VR(R) + Configured_Rx_Window_Size.

d)
VR(US) - Receiver Send Sequence state variable.


This state variable contains the "Sequence Number" following that of the last UMD PDU received. When a UMD PDU with "Sequence Number" equal to x is received, the state variable shall set equal to x + 1.


The initial value of this variable is 0.

e)
VR(EP) - Estimated PDU Counter state variable.


This state variable contains the number of AMD PDUs whose re-transmission is still expected as a consequence of the transmission of the latest status report. At the end of each TTI it is decremented by the total number of AMD PDUs that were received during that time.
11.3.2
Transmission of AMD PDU

Upon a request of acknowledged mode data transfer from upper layers or upon retransmission of AMD PDUs, the Sender shall:

-
when RLC SDUs are received from upper layers:
-
if the available memory is sufficient to store the the received SDUs segmented into PDUs in addition to AMD PDUs in all RLC entities with "Sequence Number" SN in the interval [VT(A)<SN<VT(S)] in the transmitter side and AMD PDUs in all RLC entities with "Sequence Number" SN in the interval [VR(R)<SN<VR(H)] in the receiver side:
-
segment the RLC SDUs into AMD PDUs where the fixed PDU size is configured by upper layer;

-
set a "Length Indicator" field for each SDU that ends in the AMD PDU according to subclause 9.2.2.8;

-
if "Timer based SDU Discard with explicit signalling" is configured:

-
start a timer Timer_Discard for each SDU received from upper layer (see subclause 9.7.3);
-
schedule the AMD PDUs for transmission;
-
else:

-
indicate to upper layer that the SDU can not be processed.
-
if one or several AMD PDUs have been negatively acknowledged (see subclause 11.5.3):

-
schedule the AMD PDUs that were negatively acknowledged for retransmission;

-
if a poll has been triggered by either the poll triggers "Poll timer" or "Timer based" (see subclause 9.7.1); and

-
if polling is not prohibited (see subclause 9.5); and

-
if no AMD PDU is scheduled for transmission or retransmission:

-
if the value of "Configured_Tx_Window_Size" is larger than or equal to "2048":

-
select the AMD PDU with "Sequence Number" equal to VT(S)-1.

-
otherwise if the "Configured_Tx_Window_Size" is less than "2048";

-
select the AMD PDU with "Sequence Number" equal to VT(S)-1; or

-
select an AMD PDU that has not yet been acknowledged by the peer entity;

-
schedule the selected AMD PDU for retransmission (in order to transmit a poll).

Each time an AMD PDU is scheduled for transmission or retransmission, the Sender shall:

-
increment the value of the corresponding VT(DAT);

-
if VT(DAT) = MaxDAT:

-
perform the actions specified in subclause 11.3.3a;

-
e1se:
-
notify the lower layer that data is available for transmission;

-
perform the actions specified in subclause 11.3.2.2.

In AM, a PDU shall be considered to be a padding PDU if it is:

-
an AMD PDU consisting only of an RLC Header with one "Length Indicator" (indicating that the rest of the PDU is padding) and padding; or

-
a STATUS PDU consisting only of a NO_MORE SUFI.
11.3.2.1
AMD PDU contents to set

If the AMD PDU is transmitted for the first time, the Sender shall:

-
set the "Sequence Number" field equal to VT(S);

-
set a "Length Indicator" field for each SDU that ends in the AMD PDU according to subclause 9.2.2.8;

-
set the "Polling bit" to the value specified in subclause 11.3.2.1.1.

Otherwise if the AMD PDU is retransmitted:

-
use the same value of the "Sequence Number" field as in the original transmission of the AMD PDU;

-
if the "Length Indicator" fields needed in the AMD PDU according to subclause 9.2.2.8 has changed due to that a piggybacked STATUS PDU is included in the AMD PDU or a piggybacked STATUS PDU was included in the previous transmission of the AMD PDU:

-
update the "Length Indicator" fields according to 9.2.2.8.
-
set the "Polling bit" to the value specified in subclause 11.3.2.1.1.

11.3.2.1.1
Setting of the Polling bit

The Sender shall:

-
if a poll has been triggered by one or several poll triggers (see subclause 9.7.1):

-
if polling is not prohibited, see subclause 9.5:

-
set the "Polling bit" in the AMD PDU header to "1";

-
otherwise:

-
set the "Polling bit" in the AMD PDU header to "0".

11.3.2.1.2
Void
11.3.2.2
Submission of AMD PDUs to lower layer

If one or more AMD PDUs have been scheduled for transmission or retransmission according to subclause 11.3.2, the Sender shall:

-
not submit any AMD PDUs to lower layer that is not allowed to transmit. AMD PDUs are only allowed to transmit:

-
if the AMD PDU has a "Sequence Number" < VT(MS) or the AMD PDU has a "Sequence Number" equal to VT(S)-1; and

-
if the AMD PDU is not restricted to be transmitted by the local suspend function, see subclause 9.7.5.
-
inform the lower layer of both the numbers of AMD PDUs scheduled and allowed for transmission or retransmission;

-
set the AMD PDU contents according to subclause 11.3.2.1;
-
submit to the lower layer the requested number of AMD PDUs;

-
treat retransmissions with higher priority than AMD PDUs transmitted for the first time;

-
update the state variables in clause 9.4 for each AMD PDU submitted to lower layer except VT(DAT) which has already been updated, see subclause 11.3.2;

-
if the "Polling bit" is set to "1" in any of the AMD PDUs; and

-
if the timer Timer_Poll is configured;

-
start the timer Timer_Poll according to subclause 9.5;

-
buffer the AMD PDUs that are not submitted to the lower layer according to the discard configuration (see subclause 9.7.3).

11.3.3
Reception of AMD PDU by the Receiver

Upon reception of an AMD PDU, the Receiver shall:

-
if the available memory is sufficient to store the the received PDUs in addition to AMD PDUs in all RLC entities with "Sequence Number" SN in the interval [VT(A)<SN<VT(S)] in the transmitter side and AMD PDUs in all RLC entities with "Sequence Number" SN in the interval [VR(R)<SN<VR(H)] in the receiver side:

-
update VR(R), VR(H) and VR(MR) state variables for each received AMD PDU (see clause 9.4);

-
if a received AMD PDU includes a "Polling bit" set to "1", or "Missing PDU Indicator" is configured and the Receiver detects that a PDU is missing:

-
initiate the STATUS PDU transfer procedure;

-
reassemble the received AMD PDUs into RLC SDUs;

-
if "In-Sequence Delivery" is configured:

-
deliver the RLC SDUs in-sequence (i.e. in the same order as the RLC SDUs were originally transmitted by the peer entity) to upper layers through the AM-SAP.

-
otherwise:

-
deliver the RLC SDUs in arbitrary order to upper layers through the AM-SAP.
-
else:
-
if the received AMD PDU includes a "Polling bit" set to "1":

-
initiate the STATUS PDU transfer procedure;
-
discard the received AMD PDU;

[Note to editor: indentation has been changed in this section]
11.9
Reconfiguration of RLC parameters by upper layers

The RLC parameters for an RLC entity may be reconfigured (modifed) by upper layers. 

when an RLC parameter is reconfigured by the upper layer, the UE shall:

-
start using the reconfigured value of the RLC parameter when requested by the upper layer;

-
if the parameter Configured_Rx_Window_Size is reconfigured:

-
update the state variable VR(MR), (see clause 9.4)

-
not discard any AMD PDUs in the receiver buffer due to the reconfiguration, even if the "Sequence Number" is greater than VR(MR);
-
if the parameter Configured_Tx_Window_Size is reconfigured

-
set the state variable VT(WS) equal to the Configured_Tx_Window_Size;
-
update the state variable VT(MS), (see clause 9.4)
-
not discard any AMD PDUs in the transmitter buffer due to the reconfiguration, even if the "Sequence Number" is greater than VT(MS); 
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