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1 Introduction
After the RAN#81bis meeting, the possible UP architecture and protocol stack options were discussed. Among the protocol stack alternatives, the master-slave concept (Alt2B/3B) was raised, but left as FFS in the updated TR [1]. This is because it was not clear which functions of PDCP should be located in SeNB.
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This paper will address how PDCP functionalities can be distributed between MeNB and SeNB. TP for Alt2B/3B will be provided. Note that the intension of this contribution is to suggest the fair discussion over the possible options (i.e., not to exclude some options leaving FFS).
2 Discussion
In 36.323, the followings are listed as functions of PDCP:
	The Packet Data Convergence Protocol supports the following functions:

-
header compression and decompression of IP data flows using the ROHC protocol;

-
transfer of data (user plane or control plane);

-
maintenance of PDCP SNs;

-
in-sequence delivery of upper layer PDUs at re-establishment of lower layers;

-
duplicate elimination of lower layer SDUs at re-establishment of lower layers for radio bearers mapped on RLC AM;

-
ciphering and deciphering of user plane data and control plane data; 

-
integrity protection and integrity verification of control plane data;

-
for RNs, integrity protection and integrity verification of user plane data;

-
timer based discard;
-
duplicate discarding.


For each function, the appropriate place in which node it resides will be analyzed. Since Alt2B is a subset of Alt3B, we will focus on Alt3B and its U-plane data flow.
For DL, PDCP SDU will be processed as follows:

· 1) PDCP SN numbering

· 2) Header compression (U-plane only)

· 3) Ciphering

· 4) Building PDCP PDU (add PDCP header)

· 5)Timer based discard

· (in sequence delivery of PDCP PDU at re-establishment of lower layer)

Assuming that Slave-PDCP will deliver a PDCP PDU to the RLC layer, at least 3) ciphering and 4) building PDCP PDU (add PDCP header) needs to be in SeNB. 1) PDCP SN assignment (together with “in sequence delivery of PDCP PDU at re-establishment of lower layer”) and 2) header compression should be located in MeNB, because they are operated for the continuous packet stream. 5) Timer based discard can be located in either MeNB or SeNB.   
For UL, PDCP PDU will be processed as follow:
· 1) remove PDCP header

· 2) Duplicate detection and discard
· 3) Deciphering
· 4) Header decompression (U-plane only)

· (duplicate elimination of lower layer SDUs at re-establishment of lower layers for radio bearers mapped on RLC AM)

From the discussion of DL, because the security is located in SeNB, 3) Deciphering should also be in SeNB (as well as 1) removal of PDCP header). On the other hand, because the maintenance of Rx window should be centralized and compressor is in MeNB, 2) Duplicate detection and discard (as well as “duplicate elimination of lower layer SDUs at re-establishment of lower layers for radio bearers mapped on RLC AM”) and 4) Header decompression should be in MeNB.
Note: For Alt2B, Header compression can be located in SeNB

Above can be summarized in the table below:
Table.1 Summary of PDCP function split over MeNB and SeNB

	DL/UL
	Function
	MeNB or SeNB?

	DL
	PDCP SN numbering

(+in sequence delivery of PDCP PDU at re-establishment of lower layer)
	MeNB

	
	Header compression
	MeNB (and possibly SeNB for Alt2B)

	
	Ciphering
	SeNB

	
	Building PDCP PDU (add PDCP header)
	SeNB

	
	Timer based discard
	MeNB / SeNB

	UL
	Remove PDCP header
	SeNB

	
	Duplicated detection and discard

(+duplicate elimination of lower layer SDUs at re-establishment of lower layers for radio bearers mapped on RLC AM)
	MeNB

	
	Deciphering
	SeNB

	
	Header decompression
	MeNB (and possibly SeNB for Alt2B)


Proposal1: Confirm the PDCP function split in table.1
If RAN2 can confirm proposal1, we should discuss the UP protocol stack for dual connectivity including Alt2B/3B.

Proposal2: Discuss the UP protocol stack for dual connectivity including Alt2B/3B 

3 Conclusion
In this document, for master-slave PDCP concept, it was clarified that what function should be located in SeNB and following is proposed:
Proposal1: Confirm the PDCP function split in table.1
Proposal2: Discuss the UP protocol stack for dual connectivity including Alt2B/3B

Also, the text proposals for Alt2/3B are proposed in Annex.
4 Annex: Text proposal for alt 2B/3B
	8.1.1
User plane architecture for dual connectivity

---skip the unmodified part---
B.
Master-Slave PDCPs: this option assumes that S1-U terminates in MeNB with some parts of the PDCP layer residing in the MeNB. While requiring only one PDCP entity in the UE for the EPS bearer, on the network side the PDCP functionality is distributed between the nodes involved, with a “slave PDCP” operating in the SeNB. In downlink, the slave PDCP takes care of at least the security functionality at the SeNB. The slave PDCP at the SeNB receives from the master PDCP at the MeNB (optionally compressed) PDCP SDU (with Sequence Number already assigned by the master) that the master has assigned for transmission by the slave, ciphers and transmits them to the UE. 
---skip the unmodified part---
8.1.1.3
Alternative 2B

Alternative 2B is the combination of S1-U terminates in MeNB + no bearer split in MeNB + master-slave PDCPs. It is depicted on Figure 8.1.1.3-1 below, taking the downlink direction as an example.
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Figure 8.1.1.3-1: Alternative 2B
The expected benefits of this alternative are:

-
SeNB mobility hidden to CN;

-
offloads the part of PDCP and the whole RLC processing from MeNB to SeNB;

-
little or no impacts to RLC.

The expected drawbacks of this alternative are:

-
need to route all traffic to MeNB;

-
security impacts due to ciphering being required in both MeNB and SeNB;
-
utilisation of radio resources across MeNB and SeNB for the same bearer not possible;

-
for the bearers handled by SeNB, handover-like interruption at SeNB change;

-
in the uplink, logical channel prioritisation impacts for the transmission of uplink data (radio resource allocation is restricted to the eNB where the Radio Bearer terminates);

-
no support of local break-out and content caching at SeNB for dual connectivity UEs.

---skip the unmodified part---

8.1.1.7
Alternative 3B
Alternative 3B is the combination of S1-U terminates in MeNB + bearer split in MeNB + master-slave PDCPs for split bearers. It is depicted on Figure 8.1.1.7-1 below, taking the downlink direction as an example.
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Figure 8.1.1.7-1: Alternative 3B

The expected benefits of this alternative are:

-
SeNB mobility hidden to CN;

-
offloads the part of PDCP and the whole RLC processing of SeNB traffic from MeNB to SeNB;

-
little or no impacts to RLC;

-
utilisation of radio resources across MeNB and SeNB for the same bearer possible;

-
relaxed requirements for SeNB mobility (MeNB can be used in the meantime, PDCP re-establishment not required).

The expected drawbacks of this alternative are:

-
need to route all dual connectivity traffic in MeNB;
-
security impacts due to ciphering being required in both MeNB and SeNB
-
PDCP to become responsible for routing PDCP SDUs towards eNBs for transmission and reordering them for reception;

-
flow control required between MeNB and SeNB;

-
in the uplink, logical channel prioritisation impacts for handling RLC retransmissions and RLC Status PDUs (restricted to the eNB where the corresponding RLC entity resides);

-
no support of local break-out and content caching at SeNB for dual connectivity UEs.
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