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1 Introduction
It has been decided in RAN2 #107 to specify Dual Active Protocol Stack (DAPS) solution for minimizing user data interruption during handover [1]

	Agreements

1
We will not specify single active protocol stack solution (option 0/1/2)

2
We will specify dual active with specified capability coordination that does not have to be utilized by the network. FFS how/whether we will specify the rules for UE when capability coordination is not utilized and UE capabilities are exceeded (we may leave this up to UE implementation).


	Agreements

1
Simultaneous UL PUSCH transmission does not need to be supported for the HO interruption solution. 

2
UL PUSCH switches from source to target after reception of the first UL grant from the target eNB


In this contribution, we treat the coordination required between the PDCP layers for the DAPS operation for user data transmission using both the PDCP layers during the handover procedure.
2 Discussion 
The PDCP layer functionality for transmission of application SDU comprises of 

· Assignment of sequence numbers to the SDUs

· Ciphering and Integrity protection as applicable for the corresponding radio bearers.

· Header compression of application SDU using ROHC protocol.

The PDCP layer functionality on receiving the PDCP PDUs from lower layers consists of

· In sequence delivery of PDCP SDU to the application layer.

· Deciphering and Integrity verification of PDCP PDU received from lower layers

· Decompression of the packets before delivering the SDU to higher layers.

In case of Handover procedure specified until Rel-15, only one instance of PDCP layer will be active at any time. So all these functionalities within PDCP are managed by single protocol instance at UE and also single node (either source or target node) at the network side.
For handover procedure with reduced user-data interruption time, as mentioned in the above section, dual active protocol stack operation will be used to minimize the interruption time. As proposed in [4] for uplink operations, the UE can switch from source PS operation to target PS on transmission of first PUSCH transmission to source cell. So, there is no need for dual stack operation at PDCP level for uplink. But for downlink transmissions, in order to reduce the interruption time, the PDCP layer at source node should be operational along with PDCP layer functions of target node. In this case, when both the PDCP layers are active, further co-ordination between these layers for transmission of application SDU and delivery of PDCP SDU towards application at UE.

Observation 1: DAPS operation at PDCP layer is not required for uplink operation as the PUSCH for data packets is switched from source to target during handover.

Observation 2: For downlink DAPS operation, further co-ordination required between the PDCP functions of source and target nodes.

In existing handover procedures without DAPS, as part of handover preperation with target ENB, the target ENB initializes its PDCP layer functionality on successful preperation. The source node stops the transmission on sending handover command and forwards the PDCP SDU received from SGW via data forwarding tunnels configured for lossless operation. Target node buffers these SDUs and start processing of these SDU using the PDCP layer functions including security processing when it receives handover complete message. In this case the PDCP layer is re-established with new COUNT value for the transmission.
In case of handover with DAPS configuration, both source and target PDCP layers can function independently for security processing and header compression. But the sequence number assignment should be done from the node which is the entry point for the application packets. In case of downlink transmission, this node will be the source node. Whether the source node duplicates all the PDCP SDUs via source and target cells or splits the PDCP SDU transmission across source and target can be left to network implementation.

Proposal 1: For HO with DAPS configuration, header compression and security processing functionality should be active independently in both source and target cell.

Proposal 2: For HO with DAPS configuration, the source node should assign sequence number for PDCP transmission via both source and target nodes until explicit switching of PDCP operation to target cell. 

The co-ordination between the PDCP functions of source and target cell as per the above proposals is illustrated in the below Figure.
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For the DAPS operation at PDCP level, the source node needs to send the complete PDCP Sequence number including the COUNT value to the target node. Because the security processing of downlink transmission requires the knowledge of complete sequence number to be assigned for the PDCP SDU.
Proposal 3: The packets forwarded via X2 in case of HO with DAPS configuration should also include the complete sequence number (SN +HFN) which is required for the security processing at target node. 

Proposal 4: RAN2 to send LS to RAN3 for inclusion of additional parameters in the data forwarding for HO with DAPS configuration.

For DAPS operation at PDCP layer at UE, the source PDCP layer functionality will remain responsible for in sequence delivery of the PDCP SDU to higher layers. In this case the PDCP layer configured for target cell, will not activate the duplicate detection functionality after security processing, instead it is handed over to the source PDCP function (or common function) which takes care of duplicate detection and in-sequence delivery.

Proposal 5: For DAPS operation in downlink, UE should configure the duplicate-detection and in-sequence delivery functionality common across both PDCP layers.

When the source node decides to stop the downlink transmission it can also indicate the same to target node via Final-indication or End-marker in the PDCP-SDU getting forwarded. Alternatively, the source node can stop sending the sequence-number parameter in the X2-UP GTP packets forwarded to target node. The target node can use this information as indication to end the DAPS operation and inform towards UE via explicit RRC signaling or MAC signaling. In case if the source node intends to continue with the sequence number assignment after stopping the source transmission, it can continue sending the sequence number until reception of End Marker from SGW. In this case the source node should indicate the target node that it has stopped the downlink transmission towards UE by different signaling.  

Proposal 6: Whenever source node decides to stop downlink transmission it can indicate the same via X2-UP packets by including the additional indication. The details of additional indication can be decided at RAN3.
4
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