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1. Current Specification:  

The current allowed retransmission range is given as follows:
2. The sender is only allowed to retransmit PUs that have been indicated missing by the receiver. An exception is the PU with SN VT(S)-1 which can be retransmitted. In addition, a PU that has not yet been acknowledged, may be retransmitted if Configured_Tx_Window_Size is less than 2048.
Problems:

To increase the probability that the receiving window and the transmission window advance, it is desirable that PDUs with low (earlier) SN be retransmitted when retransmission is needed. In addition, a wider allowed retransmission is also desired in some other situations. For example, in the case that VT(S)-1 has been acknowledged by the receiver, and the number of new PDUs to be sent is less than the number of transport blocks in one TTI, (this is possible if there are lots of PDUs within the retransmssion buffer which are counted in BO), retransmitting PDUs not yet been acknowledged is much better that sending pure padding PDUs. 

Unfortunately, due to the vague modulus of the cycling of SN values on the receiver side, it is possible for the receiving window to have advanced up to VT(S) without the transmitter being so informed. If the receiving window is sufficiently wide, and if the transmitter were to retransmit PDUs that had sequentially low SN values, it becomes possible for the receiver to mistake old, retransmitted PDUs for new data. However, the allowed retransmission range (VT(S)-1 only) in the current specification is for the worst case that the transmission widnow size is 4095 and, simultaneously, VR(R)=VT(S)=VT(MS). For other window size between 2048 and 4094, and even for window size of 4095 but VT(S)<VT(MS), the limitation is too stringent.

After having studied on this topics, ASUSTeK finds that PDUs in the retransmission buffer, i.e. SN within [VT(A), VT(S)-1], can be retransmitted without causing vague SN cycle issue, if SN is inside the interval [VT(S) + receiving window size, VT(S)-1]. If the sum VT(S) + receiving window size is not within the retransmission buffer, any PDUs in the retransmission buffer can be safely retransmitted. In addition, in the case that Configured_Tx_Window_Size is less than or equal to 2048, any PDUs in the retransmission buffer can be safely retransmitted. To derive the above conclusion, consider the following scenario and figure:

VT(WS)=Configured_Tx_Window_Size=3072, VT(A)=200, VT(MS)=200+3072=3272 and VT(S)=1800.

The worst case for causing vague SN cycling problem at the receiver is VR(R)=VT(S)=1800. Thus, VR(MR)=VR(R)+Configured_Rx_Window_Size=(1800+3072) mod 4096 =776. The receiving window range is [1800, 775]

In this scenario, VR(MR) is inside the retransmission buffer [200, 1799]. If PDU with SN inside the interval [776, 1799] is retransmitted and received by the receiver, the receiver will discard this PDU since it it is outside the receiving window. No problem will be induced. 

However, if PDU with SN inside the interval [200, 775] is retransmitted and received by the receiver, the receiver will treat this PDU as a new PDU in the next cycle (HFN increments by 1) since it it is inside the receiving window. Error occurs.
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Now consider the special case Configure_Tx_Window_Size=Configure_Rx_Window_Size=2048. The worst case at the transmitter is VT(S)=VT(MS)=Configure_Tx_Window_Size + VT(A). The lower bound of the above allowed retransmission range is:

 (VT(S)+Configure_Rx_Window_Size) mod 4096 = (VT(A) + Configure_Tx_Window_Size + Configure_Rx_Window_Size) mod 4096 = (VT(A)+2048+2048) mod 4096 = VT(A),

which means that any PDU within the retransmission buffer [VT(A), VT(S)-1] can be safely retransmitted.

Proposed Solution:

   

Increase the allowed retransmission range as stated above. See the attached Draft CR for details. Note that, in the above discussion, the Configured_Rx_Window_Size is the receiving widow size of the peer entity, which is assumed to be equal to Configured_Tx_Window_Size. Thus, in the Draft CR, the lower bound is ‘VT(S) + Configured_Tx_Window_Size’ instead of ‘VT(S) + Configured_Rx_Window_Size’.

Draft CR:

9.4
 State variables

This sub-clause describes the state variables used in the specification of the peer-to-peer protocol. All state variables are non-negative integers. PUs are sequentially and independently numbered and may have the value 0 through n minus 1 (where n is the modulus of the sequence numbers). The modulus equals 212 for AM and 27 for UM; the sequence numbers cycle through the entire range: 0 through 212 – 1 for AM and 0 through 27 – 1 for UM. All arithmetic operations on the following state variables and sequence numbers contained in this specification are affected by the modulus: VT(S), VT(A), VT(MS), VR(R), VR(H), VR(MR), VT(US) and VR(US). When performing arithmetic comparisons of transmitter variables, VT(A) is assumed to be the base. When performing arithmetic comparisons of receiver variables, VR(R) is assumed to be the base. 

The RLC maintains the following state varables ait the transmitter.

a)
VT(S) - Send state variable.


The sequence number of the next PU to be transmitted for the first time (i.e. excluding retransmission). It is updated after transmission of a PDU, which includes not earlier transmitted PUs and after transmission of a MRW SUFI which includes SN_MRWLENGTH (VT(S). The initial value of this variable is 0.

b)
VT(A) - Acknowledge state variable.


The sequence number of the next in-sequence PU expected to be acknowledged, which forms the lower edge of the window of acceptable acknowledgements. VT(A) is updated based on receipt of a STATUS PDU including an ACK and/or MRW_ACK super-field. The initial value of this variable is 0.

c)
VT(DAT). 


This state variable counts the number of times a PU has been transmitted. There is one VT(DAT) for each PU and it is incremented each time the PU is transmitted. The initial value of this variable is 0.

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


The sequence number of the first PU not allowed by the peer receiver [i.e. the receiver will allow up to VT(MS) – 1], VT(MS) = VT(A) + VT(WS). This value represents the upper edge of the transmit window. The transmitter shall not transmit a PU with SN 
[image: image1.wmf]³

VT(MS). VT(MS) is updated when either VT(A) or VT(WS) is updated. The PU with SN in the allowed retransmssion range defined in subclause 11.3.2 can be transmitted also when VT(S) ( VT(MS).

e)
VT(US) – UM data state variable.


This state variable gives the sequence number of the next UMD PDU to be transmitted. It is updated each time a UMD PDU is transmitted. The initial value of this variable is 0.

f)
VT(PU).


This state variable is used when the poll every Poll_PU PU function is used. It is incremented with 1 for each PU that is transmitted. It should be incremented for both new and retransmitted PUs. When it reaches Poll_PU a new poll is transmitted and the state variable is set to zero. The initial value of this variable is 0.

9.5
 Timers

a)
Timer_Poll.

This timer is only used when the poll timer trigger is used. It is started when the successful or unsuccessful transmission of a PDU containing a poll is indicated by lower layer (in UE) or a PDU containing a poll is submitted to lower layer (in UTRAN). The timer is stopped when receiving a STATUS PDU that contains an acknowledgement of all AMD PDUs with SN up to and including VT(S)-1 at the time the poll was submitted to lower layer,or when a negative acknowledgement of the same PU is received. The value of the timer is signalled by RRC.


If the timer expires and no STATUS PDU fulfilling the criteria above has been received, the receiver is polled once more (either by the transmission of a PDU which was not yet sent, or by a retransmission of a PDU with SN within the allowed retransmission range defined in Subclause 11.3.2) and the timer is restarted at the time specified above, with a new value of VT(S)-1. 


If a new poll is sent when the timer is running the timer is restarted at the time specified above, with a new value of VT(S)-1.

b)
Timer_Poll_Prohibit.

This timer is only used when the poll prohibit function is used. It is used to prohibit transmission of polls within a certain period. The timer shall be started when the successful or unsuccessful transmission of a PDU containing a poll is indicated by lower layer (in UE) or a PDU containing a poll is submitted to lower layer (in UTRAN). The prohibit time is calculated from the time a PDU containing a poll is submitted to lower layer until the timer has expired. A poll shall be delayed until the prohibit time expires if a poll is triggered during the prohibit time. Only one poll shall be transmitted when the prohibit time expires even if several polls were triggered during the prohibit time. This timer will not be stopped by a received STATUS PDU. The value of the timer is signalled by RRC. 

9.6
 Protocol Parameters

The values of the protocol parameters in this section are signalled by RRC.

a)
MaxDAT.


It is the maximum value for the number of retransmissions of a PU. This parameter is an upper limit of counter VT(DAT). When the value of VT(DAT) comes to MaxDAT, error recovery procedure will be performed.

b)
Poll_PU.


This parameter indicates how often the transmitter should poll the receiver in case of polling every Poll_PU PU. This is an upper limit for the VT(PU) state variable, when VT(PU) reaches Poll_PU a poll is transmitted to the peer entity.

c)
Poll_SDU.


This parameter indicates how often the transmitter should poll the receiver in case of polling every Poll_SDU SDU. This is an upper limit for the VT(SDU) state variable, when VT(SDU) reaches Poll_SDU a poll is transmitted to the peer entity.

d)
Poll_Window.


This parameter indicates when the transmitter should poll the receiver in case of performing window-based polling. The range of values of this parameter shall be 0 ( Poll_Window ( 100. A poll is triggered for each PU when J
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Poll_Window, where J is the window transmission percentage defined by
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where the constant 4096 is the modulus for AM described in Subclause 9.4.

e)
MaxRST.


It is the maximum value for the number of retransmission of RESET PDU. This parameter is an upper limit of counter VT(RST). When the value of VT(RST) comes to MaxRST, the higher layer (RRC) is notified.

f)
Configured_Tx_Window_Size.


The maximum allowed transmitter window size. The value of this parameter is assumed to be the receiver window size of the peer entity.
g)
Configured_Rx_Window_Size.


The allowed receiver window size. The value of this parameter is assumed to be the configured transmitter window size of the peer entity.
h)
MaxMRW.


It is the maximum value for the number of retransmissions of a MRW command. This parameter is an upper limit of counter VT(MRW). When the value of VT(MRW) comes to MaxMRW, error recovery procedure will be performed.
11.3.2
Initiation

The sender initiates this procedure upon a request of acknowledged mode data transfer from higher layer or upon retransmission of PUs. Retransmitted PUs have higher priority than PUs transmitted for the first time.

The sender is only allowed to retransmit PUs that have been indicated missing by the receiver. An exception is the PDU with SN in the allowed retransmission range which can be retransmitted. The allowed retransmission range is defined by [VT(S)+Configured_Tx_Window_Size, VT(S)-1]. In the case that the lower bound of the allowed retransmission range is outside the retransmission buffer range [VT(A), VT(S)-1], any PDU that has not yet been acknowledged may be retransmitted. In addition, a PU that has not yet been acknowledged, may be retransmitted if Configured_Tx_Window_Size is less than or equal to 2048.

RLC shall segment the data received from the higher layer into PUs. When the sender is in data transfer ready state one or several PUs are included in one AMD PDU, which is sent to the receiver. The PDUs shall be transmitted on the DCCH logical channel if the sender is located in the control plane and on the DTCH if it is located in the user plane. One or several PDUs may be transmitted in each transmission time interval (TTI) and MAC decides how many PDUs shall be transmitted in each TTI. In the UE, the PDUs that can not be transmitted in a TTI (i.e. MAC has indicated that some of the available PDUs can not be transmitted) shall be buffered according to the discard configuration set by RRC.

The VT(DAT) state variables shall be updated for each AMD PDU that is transmitted. The PDU shall not include any PU with Sequence Number ( VT(MS), except the PU with sequence number VT(S)-1 which may be included also when VT(S) ( VT(MS).

If the poll bit is set in any of the AMD PDUs and the timer Timer_Poll shall be used, the sender shall start the timer Timer_Poll when the successful or unsuccessful transmission of a PDU with the set poll bit is indicated by lower layer (in UE) or submitted to lower layer (in UTRAN).

If timer based SDU discard is used, the timer Timer_Discard shall be started when the RLC entity receives an SDU from higher layer. One timer is used for each SDU that is received from higher layer.

If the trigger for polling, "Every Poll_PU PU", is used, the VT(PU) shall be increased by 1 for each PU that is transmitted.

If the trigger for polling, "Every Poll_SDU SDU", is used, the VT(SDU) shall be increased by 1 for each SDU that is transmitted.
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