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1.
Introduction
An intensive e-mail discussion has been performed for UP protocol architecture alternatives for dual connectivity [1]. Various alternatives are studied in various aspects, and it may not be easy to select one among nine alternatives.
In this paper, we try to down-select the UP architecture alternatives based on company input in the e-mail discussion, and compare them in radio protocol perspective.
2.
Down-selection of UP protocol architecture alternatives
In the RAN2 e-mail discussion [1], three bearer split options are considered.
-
Option 1: S1-U also terminates in SeNB;

-
Option 2: S1-U terminates in MeNB, no bearer split in RAN;

-
Option 3: S1-U terminates in MeNB, bearer split in RAN.
For Options 2 and 3, four alternatives are considered per each, and thus total nine alternatives are considered for UP architecture, as follows.

-
1A: S1-U terminates in SeNB + independent PDCPs (no bearer split);

-
2A: S1-U terminates in MeNB + no bearer split in MeNB + independent PDCP at SeNB;

-
2B: S1-U terminates in MeNB + no bearer split in MeNB + master-slave PDCPs;

-
2C: S1-U terminates in MeNB + no bearer split in MeNB + independent RLC at SeNB;

-
2D: S1-U terminates in MeNB + no bearer split in MeNB + master-slave RLCs;

-
3A: S1-U terminates in MeNB + bearer split in MeNB + independent PDCPs for split bearers;

-
3B: S1-U terminates in MeNB + bearer split in MeNB + master-slave PDCPs for split bearers;

-
3C: S1-U terminates in MeNB + bearer split in MeNB + independent RLCs for split bearers;

-
3D:S1-U terminates in MeNB + bearer split in MeNB + master-slave RLCs for split bearers.

During the e-mail discussion, it was observed that the “Master - Slave” split of Layer 2 is not favoured by many companies. Main reason is that it is not clear how PDCP/RLC functionalities are distributed between MeNB and SeNB, and thus the standardization of them will be too complex without clear gain.
Proposal 1: Do not consider “Master - Slave” split of Layer 2 in UP protocol architecture.

With proposal 1, we can rule out the alternatives 2B, 2D, 3B, and 3D, as they adopt PDCP or RLC functional splits. 

Then, among the remaining five alternatives, we can further down-select the alternatives. It was also observed that many companies are not in favour of introducing a new layer/functionality above PDCP layer. It is rather obvious because introducing a new layer/functionality will increase complexity in both UE and eNB.
Proposal 2: Do not introduce a new layer/functionality above PDCP layer.

With proposal 2, we can further rule out the alternatives 2A and 3A (note that 2A is same as 1A from RAN2 point of view).
Finally, we have three alternatives on the table, i.e. 1A, 2C, and 3C, which means that we can focus on one architecture alternative per bearer split option, as follows.
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Figure 1.Bearer split options and related UP protocol architecture
Proposal 3: Down-select the UP protocol architecture to one per bearer split option, i.e. 1A, 2C, and 3C.

3.
Comparison of down-selected UP protocol architecture alternatives
Table 1 summarizes the comparison of three architecture alternatives. Note that only the radio protocol impacts are taken into account.
Table 1. Comparison of UP protocol architecture alternatives (from Radio Protocol perspective)
	
	Architecture 1A
	Architecture 2C
	Architecture 3C

	Radio Bearer structure
	Good
	Good
	Bad (Dual RLC per RB)

	PDCP
	Tx
	Good
	Good 
	Bad (Routing PDCP PDU to dual RLC)

	
	Rx
	Good
	Good 
	Bad (Reordering PDCP PDU)

	Logical Channel Prioritization / Buffer Status Report
	Good
	Good
	Bad (Need to define which resource/report includes PDCP data, RLC status report, RLC retransmission)

	Security
	Bad (Separate security key for SeNB)
	Good
	Good

	MeNB processing offloading
	Good
	Bad (PDCP processing in MeNB)
	Bad (PDCP/RLC/MAC processing in MeNB)

	Data forwarding in normal transmission
	Good
	Bad (Forwarding data between MeNB and SeNB)
	Bad (Forwarding data between MeNB and SeNB)

	Data forwarding at SeNB change
	DL
	Bad (PDCP SDU forwarding from old SeNB to new SeNB)
	Good
	Good

	
	UL
	Bad (PDCP SDU forwarding from old SeNB to new SeNB)
	Bad (RLC SDU forwarding from old SeNB to MeNB)
	Bad (RLC SDU forwarding from old SeNB to MeNB)

	Interruption at SeNB change
	Bad (RB suspension)
	Bad (RB suspension)
	Good

	Throughput
	Bad (Cannot utilize both radio resource of MeNB and SeNB for a RB)
	Bad (Cannot utilize both radio resource of MeNB and SeNB for a RB)
	Good


Proposal 4: Capture the comparison result of three UP protocol architecture alternatives in the TR36.842.
4.
Proposal
To facilitate the Small Cell Enhancement work in RAN2, we propose to down-select the UP protocol architecture based on the following proposals.
Proposal 1: Do not consider “Master - Slave” split of Layer 2 in UP protocol architecture.

Proposal 2: Do not introduce a new layer/functionality above PDCP layer.

Proposal 3: Down-select the UP protocol architecture to one per bearer split option, i.e. 1A, 2C, and 3C.

Proposal 4: Capture the comparison result of three UP protocol architecture alternatives in the TR36.842.
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