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1
Discussion
Numerous issues with SN handling at PDCP have been highlighted [1-5]. Instead of trying to fix the existing algorithm through a long series of patches, we propose to rewrite the pseudo-code in order to:

-
have a clearer and less complex PDCP specification;
-
avoid HFN desynchronisation in case a PDCP is received out of sequence at HO;

-
minimise interruption time in case of X2 losses.

The proposed pseudo-code below is believed to solve all the problems pointed out at this meeting with one exception: issue number 3 in [1]. For this problem however, we think that it cannot be properly handled, because the case exceeds the size of the reordering window, i.e. half of the PDCP SN range. Our opinion is that the reordering procedure need not and should not handle such a case. If a PDCP SN is outside the reordering window, the PDU should be discarded as being a duplicate of an earlier received PDU. 
The “reordering” window is defined using the last PDU handed over to upper layers (Last_Submitted_PDCP_RX_SN represents the lower edge) with a size half the SN space (represented by the value of the variable Reordering_Window).
In the text below, “New_SN” represents the SN of the PDCP PDU currently being processed by the PDCP entity. 

Based on this, the procedure in section 5.5.1.2.1 can be summarized as follows:

Check whether the received PDU (New_SN) fall outside the reordering window;

If so, discard the PDU

Else the PDU is within the reordering window and can be handled:

Check which one of the following is true:

1)
There is a positive jump in the received SN causing a wraparound;

2) There is a negative jump in the received SN causing a wraparound;

3) There is a positive jump in the received SN, no wraparound

4) There is a negative jump in the received SN, no wraparound

For each case, when applicable the HFN is adjusted and other variables are updated as needed. Then finally the reordering window is updated.

Some points worth noticing are:

· The reordering algorithm does not require that the target eNB transmit PDCP PDUs in the ascending order of their COUNT values. All the PDCP SDUs that are not successive, must not be submitted to upper layers and shall remain stored as long as the missing SDUs are received (holes are filled) or the timer Flush_Timer expires. Although this subclause contains storing of the blocks, it does not slow down the submission to upper layers if the blocks are received in-sequence.

· Subclauses 5.1.1.1, 5.2, and 5.3 does not need to be applied in subclause 5.1.1.1 as these are the actions after the handover indication, not after receiving a PDCP PDU.

· Modifying the variables Next_PDCP_RX_SN and RX_HFN is not needed any more in section 5.1.1.1 with the new procedure in 5.5.1.2.2.

· The reordering must not be stopped when all stored PDCP SDUs have been submitted (as it was specified earlier), because it is possible that the lower layer will still deliver out-of-sequence PDUs as long as the timer Flush_Timer is running. In other words, it is possible that the buffer becomes empty temporarily and new SDUs still need to be stored if they are received out of sequence.
Some examples of the resulting SN handling are given in Annex A for information.
Beginning of Text Proposal
5.1.1.1
Behaviour for user plane radio bearers

User plane PDCP SDUs are associated with a COUNT value that is composed by a PDCP sequence number and the HFN as specified in subclause 6.3.5. 

Editors note: There might be a need to discuss terminology to distinguish unicast bearers from broadcast bearers where the PDCP entity is located in the MBMS Gateway

At reception of a PDCP PDU containing a PDCP SN field from lower layers the UE shall:

-
if the PDCP Sequence Number contained in the PDCP SN field is less than the variable Next_PDCP_RX_SN:

-
increment the variable RX_HFN by one;

-
use the COUNT based on the value of the variable RX_HFN and the received PDCP Sequence Number contained in the PDCP SN field for deciphering the PDCP PDU;
-
set variable Last_Submitted_PDCP_RX_SN to the received PDCP Sequence Number;
-
set the variable Next_PDCP_RX_SN to the received PDCP Sequence Number + 1;

-
if the variable Next_PDCP_RX_SN is larger than the Maximum_PDCP_SN:

-
set the variable Next_PDCP_RX_SN to 0;

-
increment the variable RX_HFN by one;

Next Modified Section
5.5.1.1
Actions at handover

When upper layers indicate that a handover occurs, for radio bearers that are mapped on RLC AM, mode the UE shall:

- 
start the Flush_Timer;




-
if the radio bearer is configured by upper layers to send a PDCP status report, in the TTI where it is sent, compile a status report as indicated in subclause 6.2.6 and submit it to lower layers as the first PDCP PDU for the transmission, by:

-
setting the LIS field to the last in sequence received PDCP Sequence Number;

-
setting as ‘0’ in the corresponding position in the bitmap field all PDCP SDUs that have not been received as indicated by lower layers and optionally PDCP PDUs for which decompression has not been successful;

-
indicating in the bitmap field as ‘1’ all other PDCP SDUs.

-
reset the header compression protocol in the transmitting and receiving sides of the PDCP entity;

-
perform in-order delivery and duplicate elimination in the downlink as specified in subclause 5.5.1.2.1 until the reordering function is finished as indicated in 5.5.1.2.2;

-
perform re-transmission of PDCP SDUs in the uplink as specified in subclause 5.5.1.3;.
Next Modified Section
5.5.1.2.1
Activation and Procedure

The UE shall activate the in-order delivery and duplicate elimination function for the downlink when upper layers indicate that a handover occurs, for radio bearers that are mapped on RLC AM mode. Once activated, when a PDCP PDU associated with a PDCP Sequence Number (denoted with New_SN in this subclause) is received from lower layers the UE shall:
-
if New_SN – Last_Submitted_PDCP_RX_SN > Reordering_Window or 0 ≤ Last_Submitted_PDCP_RX_SN – New_SN < Reordering_Window:
-
discard this PDCP SDU;
-
else if Next_PDCP_RX_SN – New_SN > Reordering_Window:
-
increment the variable RX_HFN by one;
-
use the COUNT based on the value of the variable RX_HFN and the received PDCP Sequence Number contained in the PDCP SN field for deciphering the PDCP PDU;
-
set the variable Next_PDCP_RX_SN to New_SN + 1;
-
else if New_SN – Next_PDCP_RX_SN > Reordering_Window:

-
use the COUNT based on the value RX_HFN – 1 and the received PDCP Sequence Number contained in the PDCP SN field for deciphering the PDCP PDU;
-
else if New_SN ≥ Next_PDCP_RX_SN:

-
use the COUNT based on the value of the variable RX_HFN and the received PDCP Sequence Number contained in the PDCP SN field for deciphering the PDCP PDU;
-
set the variable Next_PDCP_RX_SN to New_SN + 1;

-
if the variable Next_PDCP_RX_SN is larger than the Maximum_PDCP_SN:

-
set the variable Next_PDCP_RX_SN to 0;

-
increment the variable RX_HFN by one;

-
else if New_SN < Next_PDCP_RX_SN:

-
use the COUNT based on the value of the variable RX_HFN and the received PDCP Sequence Number contained in the PDCP SN field for deciphering the PDCP PDU;
-
perform header decompression and deciphering as specified in subclauses 5.2 and 5.3;  

-
if a PDCP SDU with the same PDCP Sequence Number is stored:

-
discard this PDCP SDU.

-
else:

-
store the PDCP SDU for later delivery;

-
if the variable Next_PDCP_RX_SN is greater than Reordering_Window - 1:

-
submit, in ascending order of the associated COUNT value, all stored, successive PDCP SDUs with a PDCP Sequence Number lower than Next_PDCP_RX_SN and greater than Next_PDCP_RX_SN -  Reordering_Window to upper layers;

-
if the variable Next_PDCP_RX_SN is not greater than Reordering_Window - 1: 

-
submit, in ascending order of the associated COUNT value, all stored, successive PDCP SDUs with a PDCP Sequence Number greater than Next_PDCP_RX_SN + 4096 - Reordering_Window to upper layers; and 

-
submit all stored PDCP SDUs with a PDCP Sequence Number less than Next_PDCP_RX_SN to upper layers;
-
set the variable Last_Submitted_PDCP_RX_SN to the SN of the last SDU that was delivered to the upper layers;
5.5.1.2.2
Stop of the reordering function

The UE shall stop applying the in-order delivery and duplicate elimination in the downlink function when:

-
the timer Flush_Timer expires;


When the in-order delivery and duplicate elimination functions for the downlink function are deactivated, the UE shall:

-
deliver all stored PDCP SDUs to upper layers in ascending order of the associated COUNT value;
-
set the variable Last_Submitted_PDCP_RX_SN to the SN of the last SDU that was delivered to the upper layers;


Next Modified Section
7.1
State variables
This sub clause describes the state variables used in PDCP entities in order to specify the PDCP protocol.
All state variables  are non-negative integers.
The transmitting side of each PDCP entity shall maintain the following state variables:

a)
Next_PDCP_TX_SN

The variable Next_PDCP_TX_SN indicates the PDCP sequence number of the next PDCP SDU for a given PDCP entity. At establishment of the PDCP entity in the Next_PDCP_TX_SN is set to 0.

b)
TX_HFN

The variable TX_HFN indicates the HFN value for the generation of the COUNT value used for the generation of PDCP PDUs for a given PDCP entity. At establishment of the PDCP entity in the TX_HFN is set to the value indicated by upper layers.

The receiving side of each PDCP entity shall maintain the following state variables:

c)
Next_PDCP_RX_SN

The variable Next_PDCP_RX_SN indicates the next expected PDCP sequence number by the receiver for a given PDCP entity. At establishment of the PDCP entity in the Next_PDCP_RX_SN is set to 0.

d)
RX_HFN

The variable RX_HFN indicates the HFN value for the generation of the COUNT value used for the received PDCP PDUs for a given PDCP entity. At establishment of the PDCP entity in the RX_HFN is set to the value indicated by upper layers. 
e) Last_Submitted_PDCP_RX_SN
The variable Last_Submitted_PDCP_RX_SN indicates the latest SN that was submitted to upper layers. At establishment of the PDCP entity the varaible Last_Submitted_PDCP_RX_SN is set to 4095. This variable represents the lower edge of the reordering window.
End of Text Proposal
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Annex A – Examples
----------------------------------------------------

HFN=100     4090 4091 4092 4093 4094 4095 0 1 2 3 

----------------------------------------------------

100-4090 100-4091 100-4092 100-4093 100-4094 100-4095 101-0 101-1 101-2 101-3

----------------------------------------------------

HFN=200     4090 4091 4092 4093 4094 4095 0 2 3 

----------------------------------------------------

200-4090 200-4091 200-4092 200-4093 200-4094 200-4095 201-0 201-2 201-3

----------------------------------------------------

HFN=300     4090 4091 4092 2 4094 4095 0 1 3 

----------------------------------------------------

300-4090 300-4091 300-4092 300-4094 300-4095 301-0 301-1 301-2 301-3

----------------------------------------------------

HFN=400     4090 4091 4092 4094 4095 0 1 4093 2 3 

----------------------------------------------------

400-4090 400-4091 400-4092 400-4093 400-4094 400-4095 401-0 401-1 401-2 401-3

----------------------------------------------------

HFN=500     4090 4091 2 4093 4094 4095 0 1 3 

----------------------------------------------------

500-4090 500-4091 500-4093 500-4094 500-4095 501-0 501-1 501-2 501-3

----------------------------------------------------

HFN=600     4090 4091 4092 4093 4094 4095 0 1 2 3 

----------------------------------------------------

600-4090 600-4091 600-4092 600-4093 600-4094 600-4095 601-0 601-1 601-2 601-3

----------------------------------------------------

HFN=700     4090 4091 4092 4094 4095 0 1 4093 3 

----------------------------------------------------

700-4090 700-4091 700-4092 700-4093 700-4094 700-4095 701-0 701-1 701-3

----------------------------------------------------

HFN=800     4090 4091 2 4095 0 1 2 3 

----------------------------------------------------

800-4090 800-4091 800-4095 801-0 801-1 801-2 801-3

----------------------------------------------------

HFN=900     4090 4091 4093 4094 4095 0 4092 3 4 

----------------------------------------------------

900-4090 900-4091 900-4092 900-4093 900-4094 900-4095 901-0 901-3 901-4

----------------------------------------------------

HFN=100     4090 4091 4092 4093 4094 4095 1 2 3 

----------------------------------------------------

100-4090 100-4091 100-4092 100-4093 100-4094 100-4095 101-1 101-2 101-3

----------------------------------------------------

HFN=100     4090 4091 4092 4093 4094 0 1 2 3 

----------------------------------------------------

100-4090 100-4091 100-4092 100-4093 100-4094 101-0 101-1 101-2 101-3

----------------------------------------------------

HFN=100     4090 4091 4092 4094 4095 1 2 4093 3 

----------------------------------------------------

100-4090 100-4091 100-4092 100-4093 100-4094 100-4095 101-1 101-2 101-3

----------------------------------------------------

HFN=100     4090 4091 4092 4093 2 4094 0 1 3 

----------------------------------------------------

100-4090 100-4091 100-4092 100-4093 100-4094 101-0 101-1 101-2 101-3

----------------------------------------------------

HFN=100     4090 4091 4092 4093 4094 1 2 3 

----------------------------------------------------

100-4090 100-4091 100-4092 100-4093 100-4094 101-1 101-2 101-3

----------------------------------------------------

HFN=100     4090 4091 4092 1 0 4095 4094 3 4 

----------------------------------------------------

100-4090 100-4091 100-4092 100-4094 100-4095 101-0 101-1 101-3 101-4

----------------------------------------------------

HFN=250     4090 4091 4092 4091 4093 4094 4095 1 2 4093 3 

----------------------------------------------------

250-4090 250-4091 250-4092 250-4093 250-4094 250-4095 251-1 251-2 251-3

----------------------------------------------------

HFN=250     4090 4091 4092 4093 4094 0 1 2 4093 3 

----------------------------------------------------

250-4090 250-4091 250-4092 250-4093 250-4094 251-0 251-1 251-2 251-3

----------------------------------------------------

HFN=250     4090 4091 4092 4094 4095 1 2 4093 3 

----------------------------------------------------

250-4090 250-4091 250-4092 250-4093 250-4094 250-4095 251-1 251-2 251-3

----------------------------------------------------

HFN=250     4090 4091 4092 4093 2 4094 0 4092 1 3 

----------------------------------------------------

250-4090 250-4091 250-4092 250-4093 250-4094 251-0 251-1 251-2 251-3

----------------------------------------------------

HFN=250     4090 4091 4092 4093 4094 1 2 1 3 

----------------------------------------------------

250-4090 250-4091 250-4092 250-4093 250-4094 251-1 251-2 251-3

----------------------------------------------------

HFN=250     4090 4091 4092 4091 1 0 4095 4094 3 4 

----------------------------------------------------

250-4090 250-4091 250-4092 250-4094 250-4095 251-0 251-1 251-3 251-4

