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1. Summary of offline discussions
This contribution reports the offline discussions on the interactions between PDCP and RRC when lower layers are re-established due to handover or RRC Connection Re-establishment.

During RAN2#63 the following was agreed:
	Agreements:

1) For RRC re-establishment procedure, PDCP will apply the same behaviour as for handover. Starting of flush timer needs to be considered in detail.

2) Will remove the per RB specific re-establishment (network can instead trigger an intra-cell handover in case of RLC problems)

3) At handover (section 5.3.5.4), the initiation of the reset of MAC/RLC needs to be updated so that PDCP is using the correct security configuration. Also the triggers to PDCP/RLC/MAC should be given before the first radio resource configuration.




The objective of the offline discussions is to reach consensus on how to implement the above agreements. Additionally, how best to model this (e.g. by introducing a PDCP re-establishment procedure) as well as how to handle the flush timer has been discussed.
A text proposal to TS 36.331 RRC based on [5] is included in appendix. A draft CR to TS 36.323.PDCP is found in R2-084744, including a proposal for both [3] and [6].
2. Summary of offline discussions
At least five companies seemed to converge on the following solution. No other solution was proposed.
Alternative 1)
· TS36.323: PDCP acts on two triggers from upper layers:

· Request for re-establishment, triggering the PDCP Re-establishment procedure which includes part of current HO procedure up to security reconfiguration;

· Indication that PDCP can resume DRB transmissions, i.e. when the procedure that caused the re-establishment (either handover command or RRC Connection re-establishment procedure) is complete, triggering the start of the flushTimer, the (re-)transmissions and the sending of the PDCP SR (if configured).
Note: there is no need for the flushTimer to be running between the request for re-establishment and the indication that DRB transmissions can resume, since the flushTimer applies to DL data reception and during that time (i.e. before the completion of the RA procedure for handover, and before the reconfiguration of DRBs for RRC Connection Complete) the UE cannot be scheduled on DL-SCH for DRBs.

Note: there is no need for SRBs to act on the second trigger (resume transmission), since PDCP does not apply to SRB0, SRB1 is being re-established and is thus not suspended, and for SRB2 RRC itself will not provide data to PDCP. 

· TS36.323: expiry of flushTimer deactivates duplicate avoidance and in-order delivery functions (no change).
· TS36.331: RRC requests PDCP behavior at re-establishment when it re-establishes RLC:

· At reception of HO command (section 5.3.5.4);

· At initiation of RRC Connection Request (section 5.3.7.2); or
· TS36.331: RRC indicated to PDCP completion of procedure that caused re-establishment when:

· After the completion of the Random Access procedure in the target cell for handover (section 5.3.5.4);
· At reconfiguration of DRBs after the completion RRC Connection Re-establishment procedure (section 5.3.10.3)
Further discussions on the flushTimer
The handling of the flushTimer was also discussed. It was a general understanding that the flushTimer should be started at a point in time that is known by the eNB. Furthermore, other aspects were discussed.

Currently, because of the following behavior upon PDCP re-establishment (handover) procedure where:

· any PDCP PDU received with a sequence number less than a PDCP SDU received in the target cell is delivered to upper layers,  and

· PDCP PDUs are expected to be transmitted by the eNB with increasing sequence number

The current “functions” of the flushTimer are:

1) To ensure that the detection of out-of-order PDUs and the duplicate detection are activated, in order to prevent desynchronization of the HFN in case a PDCP SN with lower SN than already delivered to upper layer is received;

2) to release any PDU received before the re-establishment (e.g. handover) that would remain stalled because no PDCP PDU with a higher sequence number is received in the target cell, or none at all. 

It was mentioned by at least two companies that case 1 above can be solved by setting an infinite value to the flushTimer (i.e. remove the flushTimer and keep these function activated always) and that case 2 is deemed to not be an issue, as it would occur rarely and would involved only a small amount of data. It was also pointed out that having the out-of-order and duplicate detection always activated bring no additional implementation complexity, since the same behavior is already needed for the re-establishment (e.g. handover) or processing complexity as the additional operations are only performed upon reception of a PDP that is actually out-of-sequence, which is not expected unless due to error conditions.
3. Proposed way forward
Currently, at least five companies have reviewed and expressed support for alternative 1.

4. Proposed changes

Proposal 1:
· Adjust the sequence of RRC interactions with MAC/RLC/PDCP in RRC section 5.3.5.4 (handover);
· Apply same PDCP behavior for both handover (section 5.3.5.4) and for RRC Re-establishment procedure (section 5.3.5.6) in RRC;

· Remove per RB specific RLC re-establishment in RRC section 5.3.10.3.
Proposal 2:
· Introduce a second indication to PDCP, to resume transmission on DRBs and start (or restart) the flushTimer.
5. Conclusions
It is proposed that RAN2 discusses the proposed way forward above and agree on the text proposal to TS 36.331 RRC in the appendix as well as on the text proposal in the attached CR to TS 36.323 PDCP.
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7. Appendix – Text Proposal to TS 36.331
-------------------------------------------- Sections Omitted ----------------------------------------------
----------------------------------------------- First Change ------------------------------------------------
5.3.5.3
Reception of a RRCConnectionReconfiguration not including the mobilityControlInformation by the UE

If the RRCConnectionReconfiguration message does not include the mobilityControlInformation and the UE is able to comply with the configuration included in this message, the UE shall:
1>
If the RRCConnectionReconfiguration message includes the radioResourceConfiguration: 

2>
perform the Radio resource configuration procedure as specified in 5.3.10;
1>
If the RRCConnectionReconfiguration message includes the ue-RelatedInformation:

2>
set the C-RNTI to the value of the newUE-Identity, if received;

1>
If the RRCConnectionReconfiguration message includes the nas-DedicatedInformation: 

2>
Forward the nas-DedicatedInformation to upper layers;

1>
If the RRCConnectionReconfiguration message includes the measurementConfiguration:

2>
perform the Measurement configuration procedure as specified in 5.5.2;

1> indicate to PDCP to resume DRB transmissions, for all RBs that are established, if any;
NOTE:
If the RRCConnectionReconfiguration message includes the establishment of radio bearers others than SRB1, the UE may start using these radio bearers immediately, i.e. there is no need to wait for an outstanding acknowledgment of the SecurityModeComplete message.

1>
submit the RRCConnectionReconfigurationComplete message to lower layers for transmission using the new configuration, upon which the procedure ends;

5.3.5.4
Reception of a RRCConnectionReconfiguration including the mobilityControlInformation by the UE (handover)

NOTE 1:
The UE should perform the handover as soon as possible following the reception of the RRC message triggering the handover, which could be before confirming successful reception (HARQ and ARQ) of this message.

If the RRCConnectionReconfiguration message includes the mobilityControlInformation and the UE is able to comply with the configuration included in this message, the UE shall:
1>
stop timer T310 and T312, if running;

1>
start timer T304;

1>
request PDCP to initiate the re-establishment procedure;
NOTE 2:
The handling of the radio bearers after the successful completion of the L2 re-establishment, e.g. the re-transmission of unacknowledged PDCP SDUs (as well as the associated status reporting), the handling of the SN and the HFN, is specified in [8].

1>
reset MAC and re-establish RLC for all RBs that are established;

1>
If the RRCConnectionReconfiguration message includes the radioResourceConfiguration: 

2>
perform the Radio resource configuration procedure as specified in 5.3.10;

1>
set the C-RNTI to the value of the newUE-Identity;


1>
if the eutra-CarrierFreq is included:

2>
consider the target cell to be one on the frequency indicated by the eutra-CarrierFreq with a physical cell identity indicated by the targetCellIdentity;

1>
else:

2>
consider the target cell to be one on the current frequency with a physical cell identity indicated by the targetCellIdentity;

1>
if the dl-Bandwidth is included:

2>
for the target cell, apply the downlink bandwidth indicated by the dl-Bandwidth;

1>
else:

2>
for the target cell, apply the same downlink bandwidth as for the current cell;

1>
if the ul-Bandwidth is included:

2>
for the target cell, apply the uplink bandwidth indicated by the ul-Bandwidth;

1>
else:

2>
for the target cell, apply the same uplink bandwidth as for the current cell;

1>
 configure lower layers in accordance with the received radioResourceConfigCommon;

1>
If the RRCConnectionReconfiguration message includes the securityConfiguration: 

2>
apply the AS-derived keys associated with the AS-base key indicated by the keyIndicator;

2>
configure lower layers to apply the indicated integrity protection algorithm, i.e. the indicated integrity protection configuration shall be applied to all subsequent messages received and sent by the UE in the target cell, including the message used to indicate the successful completion of the procedure;

2>
configure lower layers to apply the indicated ciphering algorithm, i.e. the indicated ciphering configuration shall be applied to all subsequent messages received and sent by the UE in the target cell, including the message used to indicate the successful completion of the procedure;

1>
If the RRCConnectionReconfiguration message includes the measurementConfiguration:

2>
perform the Measurement configuration procedure as specified in 5.5.2;



1>
synchronise to the DL of the target cell;

1>
submit the RRCConnectionReconfigurationComplete message to lower layers for transmission using the new configuration;

1>
If MAC successfully completes the random access procedure: 

2>
stop timer T304;

2>
If the RRCConnectionReconfiguration message includes the radioResourceConfiguration: 

3>
perform the physical layer reconfiguration related actions applicable upon successfully completing the handover as specified in 5.3.10.5;

2> indicate to PDCP to resume DRB transmissions, for all RBs that are established;
2>
the procedure ends.
Editor's note:
It has been agreed that the UE is not required to determine the SFN of the target cell by acquiring system information from that cell.

Editor’s note
The handling of the radio configuration is covered by the general reconfiguration procedure. It has been agreed that the configuration used in the target cell may either be specified as a delta to the one used in the serving cell or by providing the full configuration (signalling details are FFS)

Editor’s note
Currently it is specified that the keyIndicator always needs to be provided upon handover as a result of which the securityConfiguration becomes mandatory in case of handover. If however the securityConfiguration would be optional in case of handover, the case the IE is not included needs to be covered also.

-------------------------------------------- Sections Omitted ----------------------------------------------
----------------------------------------------- Second Change ------------------------------------------------
5.3.5.6
T304 expiry (handover failure)

The UE shall:

1>
If T304 expires (handover failure): 

NOTE 1:
Following T304 expiry dedicated preambles, if provided within the rach-ConfigDedicated, are not available for use by the UE anymore. 

2>
revert back to the configuration used in the source cell, excluding the physical layer configuration;

NOTE 2:
The UE reverts to the RRC configuration as well as the layer 2 configuration (PDCP/RLC/MAC) used in the source cell.
2>
initiate the connection re-establishment procedure as specified in 5.3.7, upon which the RRC connection reconfiguration procedure ends.

-------------------------------------------- Sections Omitted ----------------------------------------------
----------------------------------------------- Third Change ------------------------------------------------
 --------------------In section 5.3.7 RRC connection re-establishment --------------
5.3.7.2
Initiation

The UE shall only initiate the procedure when security has been activated. The UE initiates the procedure when one of the following conditions is met:

1>
after having detected radio link failure, in accordance with 5.3.11; or

1>
upon handover failure, in accordance with 5.3.5.6; or

1>
when RLC indicates that the maximum number of retransmissions has been reached, as specified in TS 36.322 [7]; or

1>
upon an RRC connection reconfiguration failure, in accordance with 5.3.5.5.

Upon initiation of the procedure, the UE shall:

1>
stop timer T310, if running;
1>
stop timer T312, if running;
1>
start timer T311;

1>
request PDCP to initiate the re-establishment procedure;
NOTE 1:
The handling of the radio bearers after the successful completion of the L2 re-establishment, e.g. the re-transmission of unacknowledged PDCP SDUs (as well as the associated status reporting), the handling of the SN and the HFN, is specified in [8].

1>
reset MAC and re-establish RLC for all RBs that are established;

1>
select a suitable cell in accordance with the cell selection process as specified in [4];

-------------------------------------------- Sections Omitted ----------------------------------------------
----------------------------------------------- Fourth Change ------------------------------------------------
5.3.12  
UE actions upon moving from RRC_CONNECTED to RRC_IDLE

Upon moving from RRC_CONNECTED to RRC_IDLE, the UE shall:

1>
reset MAC and re-establish RLC for all RBs that are established;

Editor's note:
The above is to stop ongoing procedures e.g. random access.

1>
stop all timers that are running except T320;
1>
release all radio resources, release the RLC entity and the associated PDCP entity for all established RBs;
1>
indicate the release of the RRC connection to upper layers;

1>
enter RRC_IDLE.
------------------------------ Untouched Text and Sections Omitted -----------------------------------

















































































































































































