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1. Introduction

During handover and RRC connection re-establishment, RLC passes RLC SDUs possibly with gaps to PDCP which operates in “handover mode” to provide lossless data transfer, re-ordering and duplicate elimination [3]. Based on [6], we have agreed to use a timer to deactivate the handover mode. This timer is started when the handover mode starts being used, not when DRB operation resume. We note the following:
· If the flush timer expires while retransmissions of PDCP SDU with SN ‘<’ Next_PDCP_RX_SN are still occurring, meaning PDCP will operate in non-handover mode, the HFN will get out of sync. Therefore it is very important for the target eNB to know if the flush timer in the UE is still running or not. 
· Once a PDCP PDU is submitted to RLC AM for transmission, the RLC protocol does not allow to control when the corresponding RLC SDU will be delivered at the receiver. Due to endless ARQ, it is possible that a PDCP SDU submitted while Flush_Timer still had quite some time to run would be delivered to the receiver after expiry of that timer. 
· Because there is no RLC move receiver window mechanism, the eNB cannot do anything else but re-establish RLC if the above is about to occur in order to avoid getting the receiver out of HFN synchronization.
· With the current RRC CR [1], PDCP is informed of a handover when the handover command is received, and that in turn starts the PDCP flush timer. Then the UE must acquire the target cell and proceed with RACH in order to successfully complete the handover. From there on the target has an unknown amount of time, upper bounded by flush timer, to complete the retransmission of PDCP SDUs. In order to cope with this uncertainty the flush timer will likely be configured to large values, which will increase latency at handover.
The above show the risk and inefficiency associated with using a Flush_Timer to stop the PDCP handover mode. On the network side, at handover RAN3 has instead agreed to use an “end marker” packet sent by the serving GW to the source eNB and forwarded to the target eNB as captured in [4]. Similarly, eNB could signal when the PDCP reordering mode (handover mode) is not needed anymore by using explicit signalling, which we will refer to as End of Handover” (EOH) indication. The benefits of using an EOH are the following:
· Robustness: 
· the EOH is sent in-band by PDCP to RLC AM with the other PDCP PDUs. Since RLC AM delivers in order, the eNB can be sure that the PDCP in the UE will not stop using the handover mode before all the to-be-reordered packets have been received. Therefore there is no risk of delivering a “gap” packet when PDCP is not in handover mode anymore, which would get HFN out of sync.
· there is no need to try and find a value of Flush_Timer that works for handover as well as RRC Connection Re-Establishment 
· Simple: there is no need to configure and reconfigure the Flush_Timer (on a per handover/re-establishment basis).

The EOH signalling could be implemented by using a reserved bit in the PDCP header or by creating a PDCP control PDU. We propose to use a control PDU since it appears as a cleaner design.
The case of back to back handovers

In case of back to back handovers, after the second handover is indicated to PDCP by RRC, it is possible that the EOH associated to the first handover is delivered by RLC as it is re-established. That EOH indication should be ignored by the PDCP. In order to ensure this, the EOH packets received due to RLC Re-establishment are ignored by PDCP.
2. Conclusion
Proposal 1: Replace the flush timer by explicit PDCP signalling to get out of PDCP handover mode and remove the flush timer
Proposal 2: approve the changes to RRC presented in Annex 1
Proposal 3: approve the changes to PDCP presented in either 

· Annex 2 (PDCP pre-rework)

· Annex 3 (PDCP post-rework [5])
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Annex 1 changes to RRC [1]
3.1.1.1. PDCP-Configuration
The IE PDCP-Configuration is used to set the configurable PDCP parameters for data radio bearers.

PDCP-Configuration information element
-- ASN1START

PDCP-Configuration ::=



SEQUENCE {


discardTimer





ENUMERATED {











ms50, ms100, ms150, ms300, ms500,












ms750, ms1500, infinity


}














OPTIONAL,  -- Cond Setup, range FFS

rlc-AM







SEQUENCE {



statusReportRequired



BOOLEAN,







} 














OPTIONAL,


-- Cond Rlc-AM


rlc-UM







SEQUENCE {



pdcp-SN-Size





ENUMERATED {len7bits, len12bits}


} 














OPTIONAL,


-- Cond Rlc-UM


headerCompression




CHOICE {



notUsed







NULL,



rohc







SEQUENCE {




maxCID






INTEGER (1..16383)



DEFAULT 15,




profiles






SEQUENCE {



profile0x0001





BOOLEAN,





profile0x0002





BOOLEAN,





profile0x0003





BOOLEAN,





profile0x0004





BOOLEAN,





profile0x0006





BOOLEAN,





profile0x0101





BOOLEAN,





profile0x0102





BOOLEAN,





profile0x0103





BOOLEAN,





profile0x0104





BOOLEAN




}



}


}

}

-- ASN1STOP

Annex 2 changes to PDCP 8.2.1
5
PDCP procedures

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 DRBs

Every PDCP SDU is associated with a COUNT value that is composed by a PDCP sequence number and the HFN as specified in subclause 6.3.5.
At reception from lower layers of a PDCP Data PDU containing a PDCP SN field, the UE shall:
-
if the DRB is mapped on RLC UM; or if the DRB is mapped on RLC AM and the timer Flush_Timer is not running:
-
if the PDCP Sequence Number contained in the PDCP SN field < Next_PDCP_RX_SN:

-
increment the variable RX_HFN by one;

-
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;
-
if the DRB is mapped on RLC AM, 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 Next_PDCP_RX_SN > Maximum_PDCP_SN:

-
set the variable Next_PDCP_RX_SN to 0;

-
increment the variable RX_HFN by one.
5.5.1
DRBs 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:

-

perform actions as specified in 5.5.1.2.1, using the security algorithm and parameters in use prior to handover for PDCP PDUs, if any, that are received from lower layers due to the re-establishment of the lower layers and for which in-sequence delivery is not guaranteed;
-
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 FMS field to the PDCP Sequence Number of the first missing PDCP SDU;

-
if there are more than one missing PDCP SDUs, allocating a Bitmap field of length in bits equal to the number of PDCP Sequence Numbers from and not including the first missing PDCP PDU up to and including the last out-of-sequence PDCP PDU, 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, using the security algorithm and parameters in use after handover, 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.

5.5.1.2.2
Stop of the reordering function

When a PDCP Control PDU for End of Handover is received the UE shall:
-
if that PDU is received due to re-establishment of lower layer:

-
discard that PDU;
-
else:
-
deactivate the in-order delivery and duplicate elimination function in the downlink, if activated
When the in-order delivery and duplicate elimination function in the downlink is deactivated, the UE shall:

-
deliver all stored PDCP SDUs in ascending order of the associated COUNT value to upper layers;
-
set the variable Last_Submitted_PDCP_RX_SN to the SN of the last PDCP SDU that was delivered to the upper layers;
6.2.8
PDCP Control PDU for End of Handover 

Figure 6.2.8.1 shows the format of the PDCP Control PDU for End of Handover. 
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6.3.8
PDU type

Length: 3 bits

Table 6.3.8.1 PDU type

	Bit
	Description

	000
	PDCP Status report

	001
	Header Compression Feedback Information

	010
	End of Handover

	011-111
	reserved


7.2
Timers

The transmitting side of each PDCP entity for DRBs shall maintain the following timers:

a) Discard_Timer

The value of the timer is signalled by upper layers. In the transmitter, a new timer is started upon reception of an SDU from upper layer.

The receiving side of each PDCP entity, for DRBs that are mapped on RLC AM, shall maintain the following timers:



Annex 3 changes to PDCP post rework 

5
PDCP procedures

5.1
PDCP Data Transfer Procedures

5.1.2
DL Data Transfer Procedures

5.1.2.1
Procedures for DRBs

For DRBs mapped on RLC UM, or DRBs mapped on RLC AM and the PDCP is in non-handover mode, at reception of a PDCP Data PDU from lower layers, the UE shall:

-
if the received PDCP Sequence Number contained in the PDCP SN field < Next_PDCP_RX_SN:

-
increment the variable RX_HFN by one;

-
decipher the PDCP Data PDU using COUNT based on the value of the variable RX_HFN and the value of the received PDCP Sequence Number as specified in the subclause 5.6;

-
if the DRB is mapped on RLC AM: 
-
set the 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 > Maximum_PDCP_SN:

-
set the variable Next_PDCP_RX_SN to 0;

-
increment the variable RX_HFN by one;

-
perform header decompression of the deciphered PDCP Data PDU (if configured) as specified in the subclause 5.5.5;

-
deliver the resulting PDCP SDU to upper layer.

For DRBs mapped on RLC AM and the PDCP is in handover mode after applying the ciphering algorithm and key in use after handover, at reception of a PDCP Data PDU from lower layers, the UE shall:
· process the PDCP Data PDU as specified in the subclause 5.1.2.1.1;

· deliver to upper layer in ascending order of the associated COUNT value:

-
all stored PDCP SDU(s) with an associated COUNT value less than or equal to the COUNT value associated with the received PDCP SDU;

-
all stored PDCP SDU(s) with consecutive associated COUNT value(s) starting from the COUNT value associated with the received PDCP SDU + 1, if any;

· set the variable Last_Submitted_PDCP_RX_SN to the PDCP Sequence Number of the last PDCP SDU delivered to upper layers.

For DRBs mapped on RLC AM, upon reception of the End of Handover PDCP Control PDU that is not due to lower layers re-establishment, the UE shall

- if the PDCP was in handover mode

-
transition the PDCP from handover mode to non-handover mode 

-
deliver all stored PDCP SDUs in ascending order of the associated COUNT value to upper layers;

-
set the variable Last_Submitted_PDCP_RX_SN to the SN of the last PDCP SDU that was delivered to the upper layers.
For DRBs mapped on RLC AM, upon reception of the End of Handover PDCP Control PDU that is due to lower layers re-establishment, the UE shall:

- discard the End of Handover PDCP control PDU.
5.2.2
DL Data Transfer Procedures
5.2.2.1
Procedures for DRBs mapped on RLC AM
When upper layers indicate that a handover has occurred, the UE shall:

-
transition the PDCP to handover mode if not already in handover mode;
-
process the PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers, as specified in the subclause 5.1.2.1.1, using the ciphering algorithm and key in use prior to handover;

-
reset the header compression protocol for downlink (if configured);

-
apply the ciphering algorithm and key in use after handover.
6.2.8
PDCP Control PDU for End of Handover 

Figure 6.2.8.1 shows the format of the PDCP Control PDU for End of Handover. 
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6.3.8
PDU type

Length: 3 bits

Table 6.3.8.1 PDU type

	Bit
	Description

	000
	PDCP Status report

	001
	Header Compression Feedback Information

	010
	End of Handover

	011-111
	reserved


7.2
Timers

The transmitting side of each PDCP entity for DRBs shall maintain the following timers:

a) Discard_Timer

The value of the timer is signalled by upper layers. In the transmitter, a new timer is started upon reception of an SDU from upper layer.

The receiving side of each PDCP entity, for DRBs that are mapped on RLC AM, shall maintain the following timers:
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