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1 Introduction
It has been agreed that the in-sequence delivery during handover shall be provided by the PDCP layer. It shall be possible to activate this PDCP reordering function at least during inter-eNB mobility. 

In this contribution, we suggest a simple base-line implementation of this re-ordering function and provide a text proposal for the PDCP Stage 3 protocol draft. Duplicate detection is included in the re-ordering solution.
2 Discussion 
Selective re-transmissions at handover mean that a PDCP re-ordering function is needed. PDCP re-ordering can also be needed at handover in case “older” packets that are forwarded from the Source eNB to the Target eNB are by-passed by “younger” packets. This is true both for uplink and downlink.  The UE PDCP re-ordering function shall be specified in 36.323. In the following, we suggest a simple base-line solution for UE PDCP re-ordering, including a text proposal for inclusion in the PDCP protocol draft.

2.1 Stall avoidance

The reordering function refers to the process of in-sequence delivery, and the buffering of PDUs received out-of-sequence until missing PDUs arrive. Some stall-avoidance method is needed to release PDUs out of sequence to for further processing, in case some PDUs remain missing (e.g. due to a loss over X2 or loss by RLC). For HS-DSCH, the UTRAN MAC specification (Section 11.6.2.3 in 25.321) implements stall-avoidance using a window and a timer. 

We propose that the base-line solution for PDCP re-ordering shall be based on the MAC-hs reordering solution.
Proposal 1: The PDCP stall-avoidance mechanism shall be based on the MAC-hs reordering solution.  
2.2 Configuration of PDCP reordering 

We note the agreement that it shall be possible to activate PDCP re-ordering at least at inter-eNB mobility. Since it is unnecessary to activate re-ordering on bearers that are not experiencing any forwarding, we suggest that the activation shall be configured on a per-bearer basis. For example, we note that PDCP reordering on SRBs or bearers carrying e.g. VoIP appears less meaningful, as forwarding is unlikely. We further assume that the re-ordering configuration is undertaken by RRC, e.g. in the handover command. 

Proposal 2: Configuration of re-ordering is performed by RRC on a per-bearer basis. 

2.3 Activation and de-activation of the reordering

PDCP re-ordering is needed only a short period of time after the reception of the first few PDCP PDUs from the Target eNB.  A straightforward trigger for activating the re-ordering function in the UE is the event when the UE moves to the Target eNB and any remaining RLC SDUs received from the Source eNB are delivered to the PDCP layer. Note that these RLC SDUs could be out-of-sequence. 

Many different methods for reordering de-activation are possible based on e.g. explicit signalling, timer-based, or window based solutions. Since the needed duration of PDCP re-ordering is relatively short (a few 100’s of milliseconds in the worst case), we believe that a timer-based solution would provide a sufficiently adequate solution with minimum specification burden and no extra signalling. We therefore suggest that a timer-based solution shall serve as the specification baseline and any amendments shall be included only if justified by clear benefits. 

Proposal 3: The PDCP re-ordering function is activated at handover. 

Proposal 4: The base-line for PDCP re-ordering de-activation is based on a timer timeout, where the timer is configured by RRC. 
2.4 Duplicate detection 

PDCP PDU duplicates could occur at handover e.g. in case Source eNB forwarded PDCP SDUs that had been successfully received but not yet fully acknowledged by lower layers. The UE PDCP layer should therefore detect duplicates. Duplicate detection can be implemented using a window-based mechanism, where receiver ambiguity is prevented by constraining the number of PDUs that can be outstanding on the transmitter-side. We propose that this duplicate-detection mechanism is integrated into the re-ordering functionality using the solution known from UTRAN MAC-hs. 

Proposal 5: The duplicate detection solution shall be based on the UTRAN MAC-hs duplicate detection solution.      
2.5 Considerations on de-ciphering synchronization 
Contributions [1] and [2] discussed the problem of maintaining ciphering synchronisation at times when RLC delivers out-of-sequence to PDCP. Both contributions suggested window-based methods to evaluate the correct HFN value for received PDCP PDUs. Since duplicate detection require a window-based mechanism, we suggest that the HFN evaluation mechanism is integrated with the duplicate detection mechanism. 

Proposal 6: HFN value evaluation is based on a window mechanism, which is integrated with duplicate detection. 
3 Conclusion

Below, we provide a text proposal for PDCP reordering for inclusion in the PDCP Stage 3 draft. The text proposal is based on the following suggestions, that we wish RAN2 could agree upon:

Proposal 1: The PDCP stall-avoidance mechanism shall be based on the MAC-hs reordering solution.  

Proposal 2: Configuration of re-ordering is performed by RRC on a per-bearer basis. 

Proposal 3: The PDCP re-ordering function is activated at handover. 

Proposal 4: The base-line for PDCP re-ordering de-activation is based on a timer timeout, where the timer is configured by RRC.  
Proposal 5: The duplicate detection solution shall be based on the UTRAN MAC-hs duplicate detection solution.  
In addition, we suggest that RAN2 agrees on the following sixth proposal, which is not yet reflected in the text proposal, but pending an agreement on the exact window mechanism for HFN value updating of received PDCP PDUs.  
Proposal 6: HFN value evaluation is based on a window mechanism, which is integrated with duplicate detection. 
  
Amendments to the base-line solution should be justified by clear gains. 
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--------------------------------------------------< text proposal start > ------------------------------------------------------------

5.5.1.2
In-order delivery and duplicate detection in the downlink 
PDCP re-ordering applies to each radio bearer for which upper layers have configured “PDCP reordering is supported”.

5.5.1.2.1 

Definitions 
Editors note: Definitions may be placed elsewhere in the document. 
Parameters

-
Transmitter window size (TRANSMIT_WINDOW_SIZE) 
TRANSMIT_WINDOW_SIZE is the size of the transmitter window according to the definition below.  This is a parameter in the Node B and the value of the parameter is configured by higher layers. 
-
Receiver window size (RECEIVE_WINDOW_SIZE)
RECEIVE_WINDOW_SIZE is the size of the receiver window according to the definition below. This is a parameter in the UE and the value of the parameter is configured by higher layers.

State variables 
All state variables are non-negative integers. 
Editors note: Descriptive text on the arithmetic operations including the Modulus operation should be added once the SN length has been decided.  
· -
Next_PDCP_RX_SN: 
The next Next_PDCP_RX_SN is the PDCP sequence number following the last in-sequence PDCP PDU received.
· -
RcvWindow_UpperEdge:
The RcvWindow_UpperEdge represents the SN, which is at the upper edge of the receiver window. After the first PDCP PDU has been received successfully, it also corresponds to the PDCP PDU with the highest SN of all received PDCP PDUs. RcvWindow_UpperEdge is updated based on the reception of new PDCP PDU according to the procedure given below. Editors note: The initial value is pending the SN length decision.
· -
T1_SN:
The SN of the latest PDCP PDU that cannot be delivered for further processing, when the timer T1_PDCP is started.
Timers
-
Re-ordering release timer (T1_PDCP):
The Re-ordering release timer T1_PDCP controls the stall avoidance in the UE reordering buffer as described below. The value of T1_PDCP is configured by upper layers.
· Reordering duration timer (T_REORDERING_DURATION): 
The Re-ordering duration timer T_REORDERING_DURATION controls the duration of the re-ordering process. The value of T_REORDERING_DURATION is configured by upper layers.

Other definitions

-
Receiver window:
The receiver window defines SNs of those PDCP PDUs that can be received in the receiver without causing an advancement of the receiver window according to the procedure below. The size of the receiver window equals RECEIVE_WINDOW_SIZE and spans SNs going from RcvWindow_UpperEdge – RECEIVE_WINDOW_SIZE + 1 to RcvWindow_UpperEdge included.
5.5.1.2.2 

Reordering activation 

Reordering is activated at handover, when lower-layers indicate that all remaining PDCP PDUs received from the Source eNB have been delivered to PDCP, possibly out of sequence.  

At re-ordering activation, the UE shall: 

· start the timer T_REORDERING_DURATION;

· Start the re-ordering process as described below.

When the timer T_REORDERING_DURATION expires the UE shall: 

· Deliver all PDCP PDUs strored in the Receiver window for further PDCP processing;

· De-activate re-ordering;

· Re-set all state-variables related to re-ordering. 

5.5.1.2.3 
Re-ordering and stall avoidance 

When T_REORDERING_DURATION is active, for bearers that PDCP reordering is supported, the following applies: 

-
If no timer T1_PDCP is active: 

-
the timer T1_PDCP shall be started when a PDCP  PDU with SN > Next_PDCP_RX_SN is correctly received. 

-
T1_SN shall be set to the SN of this PDCP PDU.
-
If a timer T1_PDCP is already active:


-
no additional timer shall be started, i.e. only one timer T1_PDCP may be active at a given time.

-
The timer T1_PDCP shall be stopped if:


-
the PDCP PDU with SN = T1_SN can be delivered for further PDCP processing before the timer expires 
-
When the timer T1_PDCP expires and T1_SN > Next_PDCP_RX_SN:


-
all correctly received PDCP PDUs with SN > Next_PDCP_RX_SN up to and including T1_SN-1 shall be delivered for further PDCP processing;


-
all correctly received PDCP PDUs up to the next not received PDCP PDU shall be delivered to for further PDCP processing.

-
Next_PDCP_RX_SN shall be set to the SN of the next not received PDCP PDU.
-
When the timer T1_PDCP is stopped or expires, and there still exist some received PDCP PDUs that can not be delivered to higher layer:


-
timer T1_PDCP is started

-
set T1_SN to the highest SN among those of the PDCP PDUs that can not be delivered.
Transmitter operation:

After a transmitter has transmitted a PDCP PDU with SN=SN_Current, any PDCP PDU with SN ( SN_Current – TRANSMIT_WINDOW_SIZE should not be transmitted to avoid sequence number ambiguity in the receiver. 
Receiver operation:

When a PDCP PDU with SN = SN_Current is received:

-
if SN_Current is within the receiver window:

-
if SN_Current < Next_PDCP_RX_SN, or this PDCP PDU has previously been received:

-
the PDCP PDU shall be discarded;
-
else:
-
the PDCP PDU shall be placed in the reordering buffer at the place indicated by the SN_Current.

-
if SN_Current is outside the receiver window:

-
the received PDCP PDU shall be placed above the highest received SN in the reordering buffer, at the position indicated by SN_Current;

-
RcvWindow_UpperEdge shall be set to SN_Current thus advancing the receiver window;

-
any PDCP PDUs with SN_Current ( RcvWindow_UpperEdge – RECEIVE_WINDOW_SIZE, i.e. outside the receiver window after its position is updated, shall be removed from the reordering buffer and be delivered for further PDCP processing;
-
if Next_PDCP_RX_SN is below the updated receiver window:

-
Next_PDCP_RX_SN shall be set to RcvWindow_UpperEdge – RECEIVE_WINDOW_SIZE + 1; 

-
if the PDCP PDU with SN = Next_PDCP_RX_SN is stored in the reordering buffer:
-
all received PDCP PDUs with consecutive SNs from Next_PDCP_RX_SN (included) up to the first not received PDCP PDU shall be delivered to the disassembly entity;
-
Next_PDCP_RX_SN shall be advanced to the SN of this first not received PDCP PDU.
--------------------------------------------------< text proposal end > ------------------------------------------------------------
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