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Introduction
During offline discussions different problems with the PDCP behaviour for the lossless handover have been identified. The problems are illustrated solutions are proposed.
Problem 1
Description

Retransmission in the target cell of an already received PDCP SNs that is not stored in the reordering buffer

Currently the duplication avoidance function is done in order to detect the retransmission of a PDCP PDU with a SN that is already stored in the re-ordering buffer as described in 5.5.1.2:

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

-
discard this PDCP SDU;

-
else:

-
store the PDCP SDU for later delivery;

This means that e.g. if prior to the meeting the PDCP PDUs with SNs 0-100 have been received, and in the target cell after the handover the PDCP PDUs with SN 90 to 100 are retransmitted because e.g. the RLC Ack from the associated RLC PDUs had not been received in the source cell then these PDCP PDUs with SNs 90 to 100 will not be detected as duplicates and will be delivered to higher layers.

Solutions

In order to resolve this problem we propose to define a duplicate detection window operation, i.e. it is necessary that the UE distinguishes between a new transmission that should update the variable Next_PDCP_RX_SN and a retransmission that should be discarded.
In the example above the re-ordering process could be active even if no PDCP SDUs are stored in the reordering buffer and would be stopped when the timer Flush_timer expires or a PDCP PDU with SN that moves the Next_PDCP_RX_SN is received. Therefore it is our understanding that we don’t need to specify this duplicate detection window for the normal operation. That means when the in-order delivery and duplicate detection function is active all PDCP PDUs with a SN between the lowest missing PDCP SN and lowest missing PDCP SN - “Duplicate_Window” should be considered as duplicate PDUs and should be discarded. 
We don’t currently see a need to have the duplicate detection for the normal operation. But if there is a need we might as well use this for normal operation.
It is our understanding that this Duplicate_Window could be different from half the sequence number space. 
Even if the “Duplicate_Window” is smaller than half the reordering size the source eNodeB can ensure that any PDCP SDU that it forwards can be detected as a duplicate in the UE in the case that it is unnecessarily retransmitted by the source eNodeB.
The source eNodeB can control the maximum gap between the highest PDCP SN that has been transmitted to the UE in the source eNodeB and the PDCP PDUs with lower SNs by only forwarding PDCP SNs to the target eNodeB that are less than Duplicate_Window smaller than the highest PDCP SN transmitted to the UE. Thus, if they had already been received in the UE they can be detected as a duplicate. In the case that they were effectively missing in the UE the consequence of not forwarding them from the source to the target would then just be that a PDCP SDU is lost, similarly to the case when a forwarded IP packet is lost on the X2 interface..
For the duplicate detection to work at handover it is necessary that the Next_PDCP_RX_SN is not decreased by half of the SN space as it is done today, but that it is set to the value that it had prior to reception of the out of order PDCP PDUs from RLC.
Proposal 1: 
We propose to introduce a “Duplicate_Window” in order to detect unnecessary retransmissions at handover, and to set the Next_PDCP_RX_SN to the first missing PDCP SN after the handover which is the same as the Next_PDCP_RX_SN prior to reception of the out of sequence PDCP PDUs from RLC.
Further considerations:

If we consider that we need a Duplicate_Window, then the UE can basically assume that there will never be PDCP PDUs forwarded with a SN that is less than the highest received PDCP SN from the out of sequence PDCP PDUs received from RLC - Duplicate_Window. This is due to the fact that the eNodeB should never forward PDCP SNs that span a bigger gap than Duplicate_Window as explained above.
Thus the UE never needs to store PDCP SNs in the reordering window that cover a larger SN space than the size of the Duplicate_Window. If more PDCP SDUs are stored than the PDCP SDUs with the lowest SNs can be sent to upper layers. 
Therefore, the distance between the highest received PDCP SN in the reordering buffer and the variable Next_PDCP_RX_SN in the UE should be at the maximum Duplicate_Window-1.
Proposal 2: 
Submit to higher layers immediately PDCP SDUs that have a PDCP SN that is lower than the highest received PDCP SN in the reordering buffer - Duplicate_Window. The distance between the highest received PDCP SN in the reordering buffer and the variable Next_PDCP_RX_SN in the UE should be at the maximum Duplicate_Window-1
Problem 2
Description

Incorrect update of the variable Next_PDCP_RX_SN in the case that a second handover occurs prior to the reception of a PDCP SN that updates the variable Next_PDCP_RX_SN
As explained in the title the problem occurs due to the updating of the Next_PDCP_RX_SN as explained in 5.5.1.1:
-
set the variable Next_PDCP_RX_SN to (Next_PDCP_RX_SN - Reordering_Window) modulo 4096;

This is done in order to allow the retransmission of some PDCP SDUs up to Reordering_Window lower than the last received PDCP SN. In order for the algorithm to work it is necessary that prior to the next handover another PDCP PDU with a SN is received in order to set the Next_PDCP_RX_SN to a reasonable value.
Solutions

If we apply the solution for the problem 1, i.e. to set the Next_PDCP_RX_SN to the first missing PDCP SN after the handover basically the problem 2 does not exist any more because the Next_PDCP_RX_SN will not be changed by out of order received PDCP PDUs from the RLC entity.
Problem 3
Description

Non delivery of PDCP SDUs if the gap between the first PDCP SN received in target and the PDCP SN in the reordering buffer is higher than 2047

This problem is best illustrated with a short example:
Prior to the handover the Next_PDCP_RX_SN is 5, i.e. PDCP PDUs with PDCP SNs 0-4 have been received.

During the handover PDCP PDUs with SNs 6- 2048 are received from the RLC entity prior to the re-establishment of the RLC entity. Then the UE will store the PDCP SDUs with SN 6- 2048 in the reordering buffer. 
If then from the target eNodeB the next received PDCP SN received has the SN 2148, then the PDCP SDUs with SN 6-100 will not be transmitted to higher layers. This is due to the fact that the standard indicates at the moment: 
-
if the variable Next_PDCP_RX_SN is greater than Reordering_Window - 1:

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

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

Furthermore in this case the reordering function is only stopped at the expiry of the timer Flush_Timer. At this point in time the specification specifies: 
5.5.1.2.2
Stop of the reordering function

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

-
the timer Flush_Timer expires; or

-
all stored PDCP SDUs have been submitted to higher layers;

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

-
deliver all stored PDCP SDUs to upper layers; and

-
stop the Flush_Timer, if still running.
Thus the PDCP SDUs will be delivered out of order to higher layers.
Solutions

We consider that this problem is best resolved by remembering the highest value of Next_PDCP_RX_SN due to the reception of out of order PDCP PDUs in a variable, e.g. Max_Reorder_Next_PDCP_RX_SN. Then after receiving a PDCP PDU that sets the value of Next_PDCP_RX_SN  to a value equal or higher than Max_Reorder_Next_PDCP_RX_SN the UE would stop the in-order delivery and duplicate elimination function and deliver all stored PDCP SDUs to higher layers.
Proposal 3: 
Remember the highest value of Next_PDCP_RX_SN due to the reception of out of order PDCP PDUs in a variable, e.g. Max_Reorder_Next_PDCP_RX_SN and stop the in-order delivery and duplicate elimination function and deliver all stored PDCP SDUs to higher layers after receiving a PDCP PDU that sets the value of Next_PDCP_RX_SN  to a value equal or higher than Max_Reorder_Next_PDCP_RX_SN
Problem 4
Description

Non-delivery of PDCP SDUs after handover if no PDCP SDU is received with higher SN 
This problem has been discussed in RAN2#60 bis in document R2-080171. In an example prior to the handover the SNs 0,1,2,3 have been received, and during the handover the PDCP PDUs with SNs 5 and 6 are received from the RLC prior to the re-establishment of the RLC sublayer. Thus in the target cell the PDCP PDU with the SN 4 is received. Then the stored PDCP SDUs with the SNs 5 and 6 will only be delivered to higher layers if either the timer Flush_Timer expires or the PDCP PDU with PDCP SN 7 is received.
Solutions

The consequences of not delivering the in sequence available PDCP SDUs in the reordering buffer in addition a just received PDCP SDU are not big, i.e. only the delivery of some PDCP SDUs are delayed.

On the other hand, if we agree on a duplicate detection window such as described above there is no problem to update the variable Next_PDCP_RX_SN if all successive PDCP SDUs are available in the re-ordering buffer to the next gap that is available in the reordering buffer, and to deliver the in sequence available PDCP SDUs to higher layers, since for the case that some PDCP SDUs are retransmitted in the target cell they will be detected as duplicates.
We believe that we should resolve the problem 4, and if we address the above problems as discussed we do not see any associated problem.
Proposal 4: 
Update the variable Next_PDCP_RX_SN if all successive PDCP SDUs are available in the re-ordering buffer, and deliver the in sequence available PDCP SDUs to higher layers.
Conclusion
It is proposed to agree on the proposals above:
Proposal 1: 
We propose to introduce a “Duplicate_Window” in order to detect unnecessary retransmissions at handover, and to set the Next_PDCP_RX_SN to the first missing PDCP SN after the handover which is the same as the Next_PDCP_RX_SN prior to reception of the out of sequence PDCP PDUs from RLC.

Proposal 2: 
Submit to higher layers immediately PDCP SDUs that have a PDCP SN that is lower than the highest received PDCP SN in the reordering buffer - Duplicate_Window. The distance between the highest received PDCP SN in the reordering buffer and the variable Next_PDCP_RX_SN in the UE should be at the maximum Duplicate_Window-1
Proposal 3: 
Remember the highest value of Next_PDCP_RX_SN due to the reception of out of order PDCP PDUs in a variable, e.g. Max_Reorder_Next_PDCP_RX_SN and stop the in-order delivery and duplicate elimination function and deliver all stored PDCP SDUs to higher layers after receiving a PDCP PDU that sets the value of Next_PDCP_RX_SN  to a value equal or higher than Max_Reorder_Next_PDCP_RX_SN
Proposal 4: 

Update the variable Next_PDCP_RX_SN if all successive PDCP SDUs are available in the re-ordering buffer, and deliver the in sequence available PDCP SDUs to higher layers.
5.1
Maintenance of PDCP sequence numbers

5.1.1
Reception of a PDCP PDU including a PDCP SN field from lower layers

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 from lower layers of a PDCP Data PDU containing a PDCP SN field, the UE shall:
[Proposal 1: 

We propose to introduce a “Duplicate_Window” in order to detect unnecessary retransmissions at handover, and to set the Next_PDCP_RX_SN to the first missing PDCP SN after the handover which is the same as the Next_PDCP_RX_SN prior to reception of the out of sequence PDCP PDUs from RLC.]
-
if the in-order delivery and duplicate elimination function is active:
-
if the variable Next_PDCP_RX_SN is greater than or equal to Duplicate_Window; and 

-
if the received PDCP Sequence Number is less than the variable Next_PDCP_RX_SN and the received PDCP Sequence Number is greater than or equal to Next_PDCP_RX_SN - Duplicate_Window:

-
decipher the PDCP PDU using COUNT based on the value of the variable RX_HFN and the value of the PDCP Sequence Number contained in the SN field of the PDCP PDU header;
-
perform the actions as specified in 5.3 and 5.2.5
-
discard the received PDCP PDU.

-
if the variable Next_PDCP_RX_SN is smaller than Duplicate_Window; and 

-
if the received PDCP Sequence Number is less than the variable Next_PDCP_RX_SN:
-
decipher the PDCP PDU using COUNT based on the value of the variable RX_HFN and the value of the PDCP Sequence Number contained in the SN field of the PDCP PDU header;

-
perform the actions as specified in 5.3 and 5.2.5

-
discard the received PDCP PDU.
-
if the received PDCP Sequence Number is greater than or equal toNext_PDCP_RX_SN + 4096 - Duplicate_Window:

-
decipher the PDCP PDU using COUNT based on the value of the variable RX_HFN -1 and the value of the PDCP Sequence Number contained in the SN field of the PDCP PDU header;

-
perform the actions as specified in 5.3 and 5.2.5

-
discard the received PDCP PDU.

-
if the received PDCP PDU has not been discarded:
-
if the PDCP Sequence Number contained in the PDCP SN field is less than the variable Next_PDCP_RX_SN: (moved to the right)
-
increment the variable RX_HFN by one; (moved to the right)
-
decipher the PDCP PDU using COUNT based on the value of the variable RX_HFN and the value of the PDCP Sequence Number contained in the SN field of the PDCP PDU header; (moved to the right)
-
set the variable Next_PDCP_RX_SN to the received PDCP Sequence Number + 1; (moved to the right)
-
if the variable Next_PDCP_RX_SN is larger than Maximum_PDCP_SN: (moved to the right)
-
set the variable Next_PDCP_RX_SN to 0; (moved to the right)
-
increment the variable RX_HFN by one. (moved to the right)
5.1.1.2
Behaviour for control plane radio bearers

Every PDCP SDU is associated with a COUNT value that is composed by a PDCP sequence number and the HFN as specified in subclause 6.3.4. 

At reception of a PDCP PDU 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:

-
decipher and verify the integrity of the PDU (if applicable) using COUNT based on the value of the variable RX_HFN + 1 and the value of the PDCP Sequence Number contained in the SN field of the PDCP PDU header.

-
else

-
decipher and verify the integrity of the PDU (if applicable) using COUNT based on the current value of the variable RX_HFN and the value of the PDCP Sequence Number contained in the PDCP SN field of the PDCP PDU header.

-
if integrity protection is applicable and the integrity check is passed successfully; or

-
if integrity protection is not applicable:

-
if the PDCP Sequence Number is less than the variable Next_PDCP_RX_SN:

-
increment the variable RX_HFN by one;

-
set the variable Next_PDCP_RX_SN to the received PDCP Sequence Number + 1;

-
if the variable Next_PDCP_RX_SN is larger than Maximum_PDCP_SN:

-
set the variable Next_PDCP_RX_SN to 0;

-
increment the variable RX_HFN by one.

5.5
PDCP Behaviour at Handover
5.5.1
User plane radio bearers mapped on RLC AM

5.5.1.1
Actions at handover

When upper layers indicate that a handover has occurred, for radio bearers that are mapped on RLC AM, the UE shall:
-
activate the in-order delivery and duplicate elimination function for the downlink;
-
set the variable Prior_HO_Next_PDCP_RX_SN to the value of the variable Next_PDCP_RX_SN;


-
perform maintenance of PDCP sequence numbers, header decompression and deciphering as indicated in subclauses 5.1.1.1, 5.2 and 5.3 for PDCP PDUs received from lower layers and store the out-of-sequence PDCP SDUs, if any, and if a PDCP SDU with the same PDCP SN is not already stored, in the reordering buffer until it is indicated to submit them to upper layers.
-
if the Flush_Timer is running:
[Comment: Verify whether the PDCP SDUs received from lower layers go beyond the stored Max_Reorder_Next_PDCP_RX_SN, and thus Max_Reorder_Next_PDCP_RX_SN needs updating]
-
if the value of the variable Prior_HO_Next_PDCP_RX_SN is greater than the value of the variable Max_Reorder_Next_PDCP_RX_SN:
-
if the value of the variable Next_PDCP_RX_SN is greater than the value of the variable Max_Reorder_Next_PDCP_RX_SN and smaller than the variable Prior_HO_Next_PDCP_RX_SN:
-
set the variable Max_Reorder_Next_PDCP_RX_SN to the value of the variable Next_PDCP_RX_SN;
-
if the value of the variable Prior_HO_Next_PDCP_RX_SN is lower than the value of the variable Max_Reorder_Next_PDCP_RX_SN:

-
if the value of the variable Next_PDCP_RX_SN is greater than the value of the variable Max_Reorder_Next_PDCP_RX_SN or smaller than the variable Prior_HO_Next_PDCP_RX_SN:
-
set the variable Max_Reorder_Next_PDCP_RX_SN to the value of the variable Next_PDCP_RX_SN;
[Proposal 3: 

Remember the highest value of Next_PDCP_RX_SN due to the reception of out of order PDCP PDUs in a variable, e.g. Max_Reorder_Next_PDCP_RX_SN and stop the in-order delivery and duplicate elimination function and deliver all stored PDCP SDUs to higher layers after receiving a PDCP PDU that sets the value of Next_PDCP_RX_SN  to a value equal or higher than Max_Reorder_Next_PDCP_RX_SN]
-
if the Flush_Timer is not running:

-
set the variable Max_Reorder_Next_PDCP_RX_SN to the value of the variable Next_PDCP_RX_SN;
-
(re)start the Flush_Timer
[Proposal 2: 

Submit to higher layers immediately PDCP SDUs that have a PDCP SN that is lower than the highest received PDCP SN in the reordering buffer - Duplicate_Window. The distance between the highest received PDCP SN in the reordering buffer and the variable Next_PDCP_RX_SN in the UE should be at the maximum Duplicate_Window-1]
-
if the value of (Max_Reorder_Next_PDCP_RX_SN - Prior_HO_Next_PDCP_RX_SN) modulo 4096 is greater than Duplicate_Window:
-
set the variable Prior_HO_Next_PDCP_RX_SN to (Max_Reorder_Next_PDCP_RX_SN - Duplicate_Window) modulo 4096
-
if Prior_HO_Next_PDCP_RX_SN is greater than Max_Reorder_Next_PDCP_RX_SN:
-
submit all stored PDCP SDUS with SNs smaller than Prior_HO_Next_PDCP_RX_SN and greater than or equal to Max_Reorder_Next_PDCP_RX_SN to upper layers.
-
if Prior_HO_Next_PDCP_RX_SN is lower than Max_Reorder_Next_PDCP_RX_SN:

-
submit all stored PDCP SDUS with SNs smaller than Prior_HO_Next_PDCP_RX_SN or greater than or equal to Max_Reorder_Next_PDCP_RX_SN to upper layers.
[Proposal 1: 

We propose to introduce a “Duplicate_Window” in order to detect unnecessary retransmissions at handover, and to set the Next_PDCP_RX_SN to the first missing PDCP SN after the handover which is the same as the Next_PDCP_RX_SN prior to reception of the out of sequence PDCP PDUs from RLC.]
-
if Prior_HO_Next_PDCP_RX_SN is greater than Next_PDCP_RX_SN:

-
decrease the value of RX_HFN by one;

-
set the variable Next_PDCP_RX_SN to Prior_HO_Next_PDCP_RX_SN;

-
if the radio bearer is configured by upper layers to send a PDCP status report, compile a status report as indicated below 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;

-
allocating a Bitmap field of length in bits equal to the number of  PDCP Sequence Numbers between the last out-of-sequence and the last in-sequence received PDCP PDUs, rounded up to the next multiple of 8;

-
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 failed;

-
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.
5.5.1.2
In-order delivery and duplicate elimination function in the downlink

5.5.1.2.1
Procedure

When the in-order delivery and duplicate elimination function for the downlink is active, when a PDCP PDU associated with a PDCP Sequence Number is received from lower layers the UE shall:

-
perform actions as specified in subclause 5.1, 5.2.5 and 5.3;  

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

-
discard this PDCP SDU;


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

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

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

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

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

Proposal 4: 

Update the variable Next_PDCP_RX_SN if all successive PDCP SDUs are available in the re-ordering buffer, and deliver the in sequence available PDCP SDUs to higher layers.
-
as long as the PDCP SDU with SN equal to Next_PDCP_RX_SN is stored: 
-
submit PDCP SDUs with the PDCP Sequence Number Next_PDCP_RX_SN to upper layers;

-
increase the variable Next_PDCP_RX_SN by one;
-
if the variable Next_PDCP_RX_SN equals 4096:

-
set the variable Next_PDCP_RX_SN to 0;
-
increase the variable HFN_RX by one;
5.5.1.2.2
Stop of the reordering function

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

-
the timer Flush_Timer expires; or

-
all stored PDCP SDUs have been submitted to higher layers;

When the timer Flush_Timer expires, the UE shall:

-
deliver all stored PDCP SDUs to upper layers; and

-
if the value of the variable Next_PDCP_RX_SN is greater than the value of the variable Max_Reorder_Next_PDCP_RX_SN:
-
increase the value of the variable RX_HFN by one;
-
stop the Flush_Timer, if still running
-
set the value of the variable Next_PDCP_RX_SN to the value of the variable Max_Reorder_Next_PDCP_RX_SN;
-
stop the in-order delivery and duplicate elimination function.
[Proposal 3: 

Remember the highest value of Next_PDCP_RX_SN due to the reception of out of order PDCP PDUs in a variable, e.g. Max_Reorder_Next_PDCP_RX_SN and stop the in-order delivery and duplicate elimination function and deliver all stored PDCP SDUs to higher layers after receiving a PDCP PDU that sets the value of Next_PDCP_RX_SN  to a value equal or higher than Max_Reorder_Next_PDCP_RX_SN]
When the in-order delivery and duplicate elimination function is active, at reception from lower layers of a PDCP Data PDU containing a PDCP SN field, the UE shall prior to the execution of the actions as described in subclause 5.1.1:
-
if the value of the variable Max_Reorder_Next_PDCP_RX_SN is greater than or equal to Duplicate_Window:
-
if the value of the PDCP Sequence Number contained in the SN field of the PDCP PDU header is greater than or equal to the value of the variable Max_Reorder_Next_PDCP_RX_SN; or
-
if the value of the PDCP Sequence Number contained in the SN field of the PDCP PDU header is smaller than the value of the variable Max_Reorder_Next_PDCP_RX_SN - Duplicate_Window;
-
deliver all stored PDCP SDUs to upper layers; and

-
stop the in-order delivery and duplicate elimination function.

-
if the value of the variable Max_Reorder_Next_PDCP_RX_SN is smaller than Duplicate_Window:

-
if the value of the PDCP Sequence Number contained in the SN field of the PDCP PDU header is greater than or equal to the value of the variable Max_Reorder_Next_PDCP_RX_SN; and
-
if the value of the PDCP Sequence Number contained in the SN field of the PDCP PDU header is smaller than the value of the variable Max_Reorder_Next_PDCP_RX_SN - Duplicate_Window + 4096;

-
deliver all stored PDCP SDUs to upper layers; and

-
stop the in-order delivery and duplicate elimination function.
5.5.1.3
Re-transmission of PDCP SDUs in the uplink

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

-
re-transmit all uplink PDCP SDUs starting from the first PDCP SDU for which the successful delivery of the corresponding PDCP PDU has not been confirmed by lower layers;

-
perform header compression if applicable and ciphering as specified in subclauses 5.2 and 5.3. on the PDCP SDUs.

5.5.1.4
Reception of a PDCP status report in the downlink

When a PDCP status report is received in the downlink, for radio bearers that are mapped on RLC AM the UE shall:

-
for each PDCP SDU with the bit in the bitmap set to '1' the corresponding PDCP PDU and PDCP SDU are discarded. If the corresponding PDCP PDU has already been submitted to lower layers the discard is indicated to lower layers.

5.5.2
User plane radio bearers mapped on RLC UM

5.5.2.1
Actions at handover

When upper layers indicate that a handover has occurred, for user plane radio bearers mapped on RLC UM the UE shall:

-
perform maintenance of PDCP sequence numbers, header decompression and deciphering as indicated in subclauses 5.1.1.1, 5.2 and 5.3 for PDCP PDUs received from lower layers:
-
reset the header compression and de-compression protocol;

-
set the variables Next_PDCP_TX_SN, Next_PDCP_RX_SN, TX_HFN and RX_HFN to 0.

5.5.3
Control plane radio bearers

5.5.3.1
Actions at handover

When upper layers indicate that a handover has occurred, for control plane radio bearers the UE shall:

-
set the variables Next_PDCP_TX_SN, Next_PDCP_RX_SN, TX_HFN and RX_HFN to 0.

-
discard all stored PDCP SDUs and PDCP PDUs.
****************** 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, 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 PDCP PDUs for a given PDCP entity. At establishment of the PDCP entity, 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, 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, the RX_HFN is set to the value indicated by upper layers. 

e)
Max_Reorder_Next_PDCP_RX_SN
The variable Max_Reorder_Next_PDCP_RX_SN is used in order to determine the end of the reordering function.
f)
Prior_HO_Next_PDCP_RX_SN
The variable Prior_HO_Next_PDCP_RX_SN is used in order to store the Next_PDCP_RX_SN prior to the handover.
7.3 Constants

a) Duplicate_Window
Indicates the size of the duplicate detection window. The size equals to 2048, i.e. half of the PDCP sequence number space, for radio bearers that are mapped on RLC AM.

b) Maximum_PDCP_SN is:

-
4095 if the PDCP entity is configured for the use of 12 bit sequence numbers 

-
127 if the PDCP entity is configured for the use of 7 bit sequence numbers

-
31 if the PDCP entity is configured for the use of 5 bit sequence numbers
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