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1. Introduction 
This contribution discusses the User Plane Protocol(UP-P)  functions for the purpose of transferring user data over X2 interface for dual connectivity, mainly:  
- Re-transmission, re-ordering, in-sequence delivery
- Transmission of user plane PDCP PDUs function including services provided between PDCP and RLC

- Data forwarding

(The flow control function is discussed in separated document).

Finally tentatively suggestion of user plane protocol to used over X2 for dual connectivity.
2. Discussion
2.1 needed user plane functions for DC over X2 
(quoted from 36.842v12.0.0) 

	8.1.1.12.1
X2 User plane functions

The following X2 user plane functions are necessary for dual connectivity:
-
Transmission of user plane PDCP PDUs (for U-plane option 3C).

-
Data forwarding.

-
For 1A, SeNB Addition and Removal.

-
FFS for certain mobility scenarios.

It is FFS, whether flow control for U-plane option 3C is implemented as an X2 user plane function.


2.1.1 discussion of re-transmission, re-ordering, in-sequence delivery
It has been assumed in study item phase that in the Xn (now X2), the packet loss and wrong order of packets delivery are rare in reasonable load conditions, user plane function like re-transmission, re-ordering are not needed. 

The 36.842 has shown a possibility “whether GTP-U should ensure in-sequence delivery so that U-plane protocols do not need to care about out-of-order packets”. If the sending side can ensure the in-sequence delivery (which will be normal case), there is no need to care about the out-of-order arriving in the receiving side.
Proposal 1: it is proposed to assume that there is no need in the receiving side to care about the out-of-order arriving.

Proposal 2: it is proposed that the transmission of user plane PDCP PDUs function over X2 include only the transferring of PDCP PDUs, re-transmission and re-ordering function are not need.

2.1.2 Transmission of user plane PDCP PDUs function

Regarding the transmission of the user plane function (i.e. Transmission of user plane PDCP PDUs (for U-plane option 3C)), since for U-plane option 3C there will be no PDCP layer exist, the U-Plane protocol will need to transfer the PDCP PDU (i.e. not PDCP SDU) between MeNB and SeNB. This flow can be called “PDCP flow”. 
The protocol model for the user plane option 3C is shown below. 
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Figure 1 Flow between PDCP and RLC (for u-plane option 3C)
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Figure 2 Protocol Model for u-plane option 3C
Other than the transmission of the PDCP PDUs, the RLC layer provides also the following services to the PDCP layer (refer to 36.322):

· indication of successful delivery of upper layers PDUs,

· when indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, discard the indicated RLC SDU.
The SAP (Service Access Point) provided by the RLC layer to the PDCP layer is described in 36.322 however its primitives to provide the above services are not clearly defined. In LTE the PDCP and RLC layer are deployed in the same node (i.e. the eNB), there is no worry of IOT issue between vendors. For the dual connectivity since the PDCP layer and RLC layer will be located in different nodes (i.e. MeNB and SeNB), the services between PDCP layer and RLC layer will need to be visible in order to ensure IOT for multivendor environment.
Proposal 3: The services provided between PDCP layer and RLC layer need to be visible in dual connectivity.
Whether this will be defined in RAN2 spec (e.g. RLC layer) or in the RAN3 spec (e.g. user plane protocol)? Since the services provided by the RLC layer are described in RLC spec (36.322), it can be let RAN2 to further work on it and define clearly.
Proposal 4: It is proposed that the services primitives that provided between PDCP layer and RLC layer are defined by RAN2 spec. 
2.1.2 Data Forwarding function

The data forwarding is needed as studied during the study item: 

· For 1A, SeNB addition and removal.

· FFS for certain mobility scenarios.

It has studied for u-plane option 3C that there is no need to do data forwarding between SeNBs at SeNB change. This would be for the reason that the PDCP in MeNB can take care if there is no acknowledge from the RLC in SeNB.
For certain mobility scenarios, it can be for example for u-plane option 3C the change of MeNB (while keeping the same SeNB or also change of SeNB). From the user plane protocol point of view, the data forwarding will be same of today which is to forward the downlink PDCP SDUs that have not been transmitted to the UE, to the target node. 
From user plane protocol point of view it is assumed that the data forwarding  in existing X2 can be reused and no further additional function will be needed.

2.1.3 Flow Control function

This is discussed in separate document. 

2.2 User plane Protocol for DC over X2 
The user plane protocol functions over X2 as discussed above have some open points to confirm. If all the services primitives between the PDCP layer and RLC layer can be hidden from the X2 user plane protocol (i.e. defined in RAN2 spec e.g. RLC layer (36.322), it can be tentatively assumed that the GTP-U [29.281] is reused over X2 for dual connectivity.
3. Summary and proposal.
Proposal 1: it is proposed to assume that there is no need in the receiving side to care about the out-of-order arriving.

Proposal 2: it is proposed that the transmission of user plane PDCP PDUs function over X2 include only the transferring of PDCP PDUs, re-transmission and re-ordering function are not need.

Proposal 3: The services provided between PDCP layer and RLC layer need to be visible in dual connectivity.
Proposal 4 : It is proposed that the services primitives that provided between PDCL layer and RLC layer are defined by RAN2. 
Finally, if all the services primitives between the PDCP layer and RLC layer can be hidden from the X2 user plane protocol (i.e. defined in RAN2 spec e.g. RLC layer (36.322), it can be tentatively assumed that the GTP-U [29.281] is reused over X2 for dual connectivity.
Annex:

The PDCP layer provide the following services to the RLC layer as defined in 36.323.

	Quoted from 36.323

4.3.2
Services expected from lower layers

For a detailed description of the following functions see [5].

-
acknowledged data transfer service, including indication of successful delivery of PDCP PDUs;

-
unacknowledged data transfer service;

-
in-sequence delivery, except at re-establishment of lower layers;
-
duplicate discarding, except at re-establishment of lower layers.


The RLC layer provide the following services to the PDCP layer as defined in 36.322

	Quoted from 36.322

4.3.1
Services provided to upper layers

The following services are provided by RLC to upper layer:

-
TM data transfer;

-
UM data transfer;

-
AM data transfer, including indication of successful delivery of upper layers PDUs.


The indication of the successful delivery of upper layers PDUs is described explicitly.

	Quoted from 36.322
5.1.3
AM data transfer

…..

-
if positive acknowledgements have been received for all AMD PDUs associated with a transmitted RLC SDU:

-
send an indication to the upper layers of successful delivery of the RLC SDU.



Furthermore, the RLC layer is also providing the SDU discarding service when indicate by PDCP layer.

	Quoted from 36.322
5.3
SDU discard procedures
When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU if no segment of the RLC SDU has been mapped to a RLC data PDU yet.
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