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1
Introduction
In RAN2 #81 meeting, the SI on small cell enhancements was discussed for the first time and some agreements were reached on assumptions and challenges of the SI. One of the most important assumptions agreed was that having an ideal backhaul link between macro and small cell eNB was not to be assumed, which means legacy carrier aggregation and CoMP based on ideal backhaul could not be assumed to be available. In RAN2 #81bis and RAN2 #82 meeting, the user plane and control plane protocol for dual connectivity was discussed and RAN2 has agreed on several alternatives [1-3]. 

The planned discussion in this meeting was to down-select the protocol alternatives for further study. However, when investigating the agreed protocol architecture alternatives in details, it turns out that some of them are similar from the UE and from the RAN2 specification viewpoint. In this paper, we give some analysis from the RAN2 viewpoint about the user plane protocol architecture for dual connectivity.
2
Possible protocol architectures for user plane

2.1
User plane protocol from RAN2 point of view
There are several different alternatives on the NW side regarding the user plane for dual connectivity. However, some of the differences between those alternatives are invisible to UE. 
Alternatives 1A/2A/2C

For example, alternatives 1A, 2A and 2C are equal for the UE: From the RAN2 viewpoint, with the exception of MAC layer, RLC and PDCP protocols already operate as peer-to-peer protocols, so it doesn’t matter how the network routes the data. One may argue that there could be differences from the security point of view, i.e. alternative 2C could let the SeNB use the same security keys as the MeNB. However, if we refer to the security spec, 7.2.9.1 [4], as long as MeNB and SeNB can do co-ordination before allocating the radio bearer ID to ensure the same RB ID is not allocated multiple times, same security key could be used for both MeNB and SeNB. This co-ordination is foreseen to be trivial if only the MeNB has the RRC entity, although security keys should naturally be refreshed at both nodes whenever a refresh is required. 
Therefore, we think from RAN2 point of view, user plane alternative 1A, 2A and 2C are the same. This is depicted by the Figure 1 below. The differences between the original block diagrams are merely differences related to the network implementation and they need not affect the contents of the standards.
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Figure 1. User plane alternative 1A/2A/2C from RAN2 viewpoint
Observation 1: The user plane alternatives 1A, 2A and 2C are all the same from UE perspective, requiring dual protocol stack at the UE.
Alternatives 3A and 3C

In Alternative 3C, the radio bearer can be split so that packets from the same radio bearer could be transmitted via both MeNB and SeNB. Figure 2 shows how the user plane alternative 3C looks like from UE and RAN2 viewpoint. 
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Figure 2. User plane alternative 3C from RAN2 viewpoint

Alternative 3A may need an additional layer to handle the data routing above PDCP, since some of the data will go for SeNB and some for MeNB. One major risk related to both DL and UL in alternative 3A is the fact that it is not possible to guarantee the in-sequence delivery of the TCP packets if bearers are split above the PDCP. This may have undesired effects on the TCP behaviour. Since the in-sequence delivery of TCP packets has been guaranteed since Rel-8 (i.e. from the beginning of the LTE), existing TPC implementations may have been designed based on that assumption. Consequently, it may be dangerous to make that assumption suddenly invalid, so there may be a need to an additional layer taking care of the TCP packet reordering below the actual TCP/IP stack.
Figure 3 shows the example of alternative 3A.
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Figure 3. User plane alternative 3A from RAN2 viewpoint

Considering that alternative 3C will introduce no new functions compared to alternative 3A, we believe alternative 3C could be a better alternative due to much smaller protocol design and specification effort. 

Observation 2: The user plane alternatives 3A and 3C both require some modification of the UE protocol stack but 3C would be simpler since no additional layer would be necessary.

Alternatives 2D and 3D
 The alternatives 2D and 3D, with the “master-slave” approach RLC layer, will require major restructuring of the user plane protocols and it is not yet clear now what the main benefit is for these alternatives. One clear drawback of these two alternatives is that massive re-segmentation will be required at RLC layer, so L2 overhead is expected to increase a lot. Therefore, these alternatives seem less desirable than the others.
Conclusions
According to the above analysis, in our understanding, alternatives 2D, 3D and 3A have some clear drawbacks and are therefore not among the preferred user plane architectures. Other alternatives are expected to be more promising.  We can classify the alternatives to two options from RAN2 viewpoint, i.e. the ones depicted by Figure 1 and Figure 2.. 
Proposal 1: RAN2 to agree that from RAN2 specification viewpoint, there are only two user plane protocol architectures as described above. 
3
Possible protocol architectures for user plane
As discussed in previous chapter, there are effectively only two user plane options. Hence, we denote bearer splitting above PDCP (i.e. no bearer split) as User Plane Option - 1 and packet splitting below PDCP as User Plane Option - 2. 

As analysed previously, from the NW side Option-1 could be achieved by alternatives 1A, 2A and 2C, but from the UE side (as well as from RAN2 specification viewpoint) those alternatives look the same. 

Option-2 could be achieved by procotol architecture 3C from the NW side, the main difference for this options is that there will be two RLC entities linked to one PDCP entity for a given radio bearer. 

In this chapter, we give some analysis on the potential impacts to UL and DL for both options, and discuss any additional aspects to consider.
3.1
Option-1: Bearer splitting above PDCP
As analysed previously, from the NW side the Option-1 could be achieved by alternatives 1A, 2A and 2C, but from the UE side (as well as from RAN2 specification viewpoint) those alternatives look the same. In this section, we give some analysis on the potential impacts to UL and DL.
For DL direction, Option-1 could be fairly simple from the UE point of view because the whole L2 procedure could be the same as in carrier aggregation. There could be some differences on the NW side. Data packets for one given radio bearer could only be transmitted on one leg, but that would be just de-multiplexing issue and invisible to UE. 
For UL direction, there could be some impacts on the BSR reporting, logical channel prioritization, random access, and some of the control plane procedures. We summarize the possible impact in the table below. 

Table 1 Detailed impact for User Plane Option-1

	Function
	Potential impacts
	Additional comments

	BSR
	UE needs to track for which leg the related radio bearer is configured. The UE will only calculate the BSRs for only those buffers 
	

	LCP
	After UL grant is received, UE will only multiplex the data from the bearer which is configured on the given leg
	

	Random Access
	For the RACH procedure which is triggered by UL data arrival, UE needs to trigger RACH on the leg where the given radio bearer is configured
	

	RRC signaling transmission
	UE needs to send the RRC signaling where the related SRB is configured
	The exact details of L2 delivery of RRC messages are still under discussion

	Measurement report
	UE needs to send the measurement report on the leg where the related SRB is configured
	This might cause some complexity for the control plane handling because all the measurement reports could only be sent to MeNB. More co-ordination is expected.


3.2
Option-2: Packet level splitting below PDCP

User Plane Option - 2 could be achieved by procotol architecture 3C from the NW side, with the main difference to Option – 1 being that there will be two RLC entities linked to one PDCP entity for a given radio bearer. We also give some analysis below for this option for DL and UL. 
First, as already identified in RAN2#82, if flow control is required between MeNB and SeNB due to the common PDCP, there can be impacts to the packet delivery. However, this matter is expected to be further considered in RAN3, as already identified in last meeting. 
For DL direction, because there will be two RLC entities set up for each radio bearer at the NW side, UE has to build the user plane protocol architecture in the same way as the NW side. Therefore, although we could assume two RLC entities will deliver the received RLC PDUs in the right order, two RLC entities might still cause some out of order delivery in the PDCP layer, and re-ordering function at PDCP layer will need to be activated all the time. 
For UL direction, there could be also some impact on BSR, LCP, random access, etc. We use Table-2 below for the summary.
Table 2 Detailed impacts for user plane option-2

	Function
	Potential impacts
	Additional comments

	BSR
	Some enhancement for the BSR will be necessary. The following approaches can be envisioned:
1. MeNB and SeNB are co-ordinated and UE reports all the buffers on both legs

2. UE splits the buffer in two parts and reports each part via different legs
3. UE reports BSR to only one node for normal case; The other leg is only used as backup

4. Combinations of the above
	If the network wishes to use parallel UL transmission vie both legs, the UE will need some guidance on which portion of the data shall be routed to each link in the packet scheduling. This may also be taken into account when defining what portions of the UL buffer data shall be included in each BSR on each leg.

	LCP
	Some modification for the LCP procedure will be required, e.g. how to handle the PBR, but the details could still be left up to UE implementation as long as the UE fulfills the requirements
	Small specification impact

	Random Access
	Potentially some impact on the content of Msg3. 
	This is also related to control plane architecture

	RRC signaling & measurement report
	Could be transmitted on both legs so no changes to existing specification are expected. 
	


3.3
Additional considerations
In addition to the user plane impacts identified above, other factors should be taken into account choosing the user plane protocol. In [2], RAN2 had identified several challenges for small cell scenarios, e.g. mobility robustness, UL/DL imbalance, increased signaling load, difficult to improve per-user throughput by utilizing radio resource in more than one eNB, etc. And there are some potential solutions identified, e.g. dual connectivity, RRC diversity. However, some of the challenges / solutions were down-prioritized according to the RAN2 agreement [1], but retaining any potential benefits during the protocol design would still beneficial. This agreement was made for the throughput perspective, but we believe this principle could be used for other challenges as well. 
For the challenge of mobility robustness, one of the directions could be to increase the mobility performance by e.g. RRC diversity or other means. Another direction would be to reduce the interruption time in case of a handover failure. In normal carrier aggregation or CoMP, which have similar scenarios as here, there were no big mobility robustness concerns because  the data packets could be transmitted from all the nodes and there was only one RRC connection. If we route all the data packets from MeNB and have common PDCP entity in MeNB, the data transmission interruption is not expected to be big even if there is handover failure. 

The challenge of UL/DL imbalance was down-prioritized, however, if we split the UL and DL, there could be some gain on the interference handling, throughput improvement and also UE power consumption, because UE can use less power to send the same amount of data. For the User Plane Option - 2, it is possible that NW could split the UL and DL by implementation, i.e. configure one radio bearer and only send DL on MeNB and schedule UL on SeNB. 

For the challenge of throughput improvement, both Option - 1 and Option - 2 could provide some gain. A more flexible offloading mechanism with smaller granularity might provide more throughput gain as depicted in [4]. 

For the solution of RRC diversity, if we look at this from a radio bearer point of view, User Plane Option - 2 could support that NW send the data for SRB on both legs so dual connectivity with User Plane Option - 2 could already achieve RRC diversity between MeNB and SeNB.

According to the above analysis, User Plane Option - 2 has some additional complexity for UL direction, e.g. BSR. On the other hand, Option - 2 also has some clear benefits (e.g. providing a better throughput) and solves some other challenges with the same solution, etc. The identified difficulties could be solved by some enhancements to the current mechanisms and we think it is not very difficult. The detailed discussion could be carried on during the work item phase. 

Although the User Plane Option - 2 has many benefits, it has the obvious requirement that the backhaul link capacity, MeNB processing capacity, and delay performance should be fairly good. Considering the practical deployments for different operators, we think, as long as backhaul link performance is good, Option-2 should be used. 
Observation 3: As long as backhaul link performance is not a problem, User Plane Option-2 could be a better choice for dual connectivity user plane protocol architecture. 
Based on the above discussion, we propose to consider the Option – 2 as the primary realization of dual connectivity:
Proposal 2: User Plane Option - 2 should be considered as the primary option for dual connectivity. 
4
Conclusion
In this paper, we give some analysis on the protocol architecture and made the following observations:

Observation 1: The user plane alternatives 1A, 2A and 2C are all the same from UE perspective, requiring dual protocol stack at the UE.

Observation 2: The user plane alternatives 3A and 3C both require some modification of the UE protocol stack but 3C would be simpler since no additional layer would be necessary.

Observation 3: As long as backhaul link performance is not a problem, User Plane Option-2 could be a better choice for dual connectivity user plane protocol architecture. 
From the RAN2 viewpoint, we make the following proposals as way forward for downselection of protocol architectures for dual connectivity: 
Proposal #1: RAN2 to agree that from RAN2 point of view, there are two user plane protocols as described above.
Proposal 2: User Plane Option - 2 should be considered as the primary option for dual connectivity. 
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