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1. Introduction
At RAN#62, the new work item on Dual Connectivity was approved [1]. One of the work item objectives is to introduce functions and procedures to realize the different types of user plane architectures i.e., 1A and 3C identified during the study phase [2]. 

In this contribution, we analyze whether both 1A and 3C need to be deployed in a network.
2. Constraints under Dual Connectivity user planes
TR 36.842 [2] identified pros and cons of the architectures for various aspects as follows: 
· Per-user throughput gain: 3C is expected to have higher gain than 1C. 
· Backhaul impacts: 3C has tougher requirements compared to 1A due to the non-ideal Xn interface, while 1A has no impact for user plane data transfer. 
· One of MeNB hardware impacts: Additional PDCP processing will be needed at the MeNB to support SeNB with architecture 3C. 
· One of the UE hardware impacts: 3C requires re-ordering processing. 
In other words, the higher throughput gain from 3C comes at the cost of considerable impacts on hardware in both the network and the UE. This is one of reasons why two architectures were agreed as the baseline going for the work item phase. 
Observation 1:
User plane architecture 3C is expected to have higher per-user throughput gain, but tighter requirements are expected of the network’s hardware. 
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Fig. 1
 User plane architecture (left: 1A, right: 3C)
For the backhaul assumption, RAN2 received from RAN3 the LS response [3] at RAN2 #83, answering; 
· Packet loss and out-of-sequence delivery on Xn is rare in reasonable load conditions. 
It means dual connectivity should maintain backhaul load on the path between MeNB and SeNB in reasonable condition as much as possible for stable operations. However the assumption of non-ideal backhaul means limited capacity [4]. For example, the contribution in [5] introduced characteristics of a practical backhaul which imply Xn connection may have 1Gbps throughput. The demands on backhaul depend on both user plane architecture and the number of UEs using dual connectivity, assuming there are enough resources available at the MeNB to support the dual connectivity UEs. 
Observation 2:
Network should take into account the user plane architecture and the number of dual connectivity UEs even if the backhaul is well-dimensioned by the operator. 

3. Use case for mixed architecture network
As discussed above, it’s important to consider maximizing per-user throughput with backhaul in reasonable load condition. As an example of the simultaneous deployment of 1A and 3C in the same network, it may be assumed the MeNB would initiate 3C for a UE to maximize per-user throughput if the backhaul load is under reasonable condition. However, in case the MeNB’s backhaul becomes congested on either the common link (between MeNB and Router in Fig. 2) or on the specific link (between SeNB2 and Router in Fig. 2) due to the increased number of 3C-connected UEs, the MeNB should have the option to initiate dual connection with 1A other UEs in order to avoid backhaul overloading. In this manner, the mixed architecture network can facilitate optimal balancing between QoE and stable operation by offering the flexibility for the MeNB to select the appropriate UP architecture on a per-UE basis. 
Proposal 1:
RAN2 should assume both 1A UEs and 3C UEs may be simultaneously activated in a network.
[image: image3.emf]MeNB UE SeNB2

SeNB1

SeNB3

Router

EPC

Congested!

Congested!

3C

1A


Fig. 2
 Mixed architecture network

4. Category of mixed architecture 
If Proposal 1 is adopted, the support for switching between normal bearer and 1A bearer or between normal bearer and 3C bearer as discussed at RAN2 #84 [7] should be adopted. It should also be assumed that such switching between normal bearer and dual-connectivity bearer can be accomplished through RRC Connection Reconfiguration. 
Proposal 2:
Architecture selection of 1A/3C with RRC Connection Reconfiguration should be adopted as the baseline. 
In addition to the baseline proposal above, more flexible schemes with per-bearer switching were brought up in [7]. The switching scheme assumes not only direct switching between 1A and 3C for a dual-connected bearer, but also mixed architecture per-UE whereby the UE may be configured with both 1A bearer and 3C bearer simultaneously. 
Observation 3:
It is FFS if a 1A bearer can be directly reconfigured to be an 3C bearer and vice versa (FFS 1).  
Observation 4:
It is also FFS if a UE can be configured with both 1A bearer and 3C bearer simultaneously (FFS 2). 
The direct switching scheme described in FFS 1 has the advantage of reducing the number of RRC signaling messages necessary to reconfigure a bearer between 1A and 3C. With the baseline assumption in Proposal 2, it may be assumed that reconfiguration of established bearers between non-dual-connectivity and dual-connectivity can be supported and not just for newly established bearers. Additionally, RAN2 has already agreed that the UE should support dual MAC layers for the MCG and the SCG [2]. Therefore, the support for direct reconfiguration of a bearer between 1A and 3C should not increase UE complexity. Therefore, the direct reconfiguration of a bearer between 1A and 3C should be supported. 
Proposal 3:
The reconfiguration of a bearer between 1A and 3C should be supported. 

With regards to the mixed architecture described in FFS 2, there are some potential benefits in terms of congestion control in network, and improving experienced quality in UEs [8], according to the QCI of each bearer. However, the benefits should be weighed against the increased UE complexity esp. in the MAC for SCG / PDCP layer and the possible increase in UE power consumption. Further discussion will be necessary to justify the support of FFS 2. 
Proposal 4:
RAN2 should discuss impacts on UE complexity, if Rel-12 UE is allowed to be configured with both 1A and 3C bearers simultaneously. 
5. RRC Configuration Reconfiguration for dual connectivity
Assuming Proposal 2 is agreed, RAN2 should consider an efficient mechanism for the network to specify the UP architecture 1A or 3C for dual connectivity. This means RRC Connection Reconfiguration should be enhanced to allow the MeNB to inform the UE of the selected UP architecture. 
Proposal 5:
RRC Configuration Reconfiguration should indicate to the UE the selected UP architecture for dual connectivity. 
6. SeNB Addition/Modification
With non-ideal backhaul deployments, unnecessary signaling on X2 should be avoided because it will directly impact on latency of the procedure.
Depending on the backhaul condition of the MeNB, the MeNB may decide to configure the UE with either 1A or 3C for dual connectivity. This means the MeNB must have a means to inform the SeNB of the requested UP architecture for the UE. This request may be simply included in the existing SeNB Addition/Modification procedure. 
Proposal 6:
SeNB Addition/Modification procedure should include an indicator for the selected UP architecture for dual connectivity. 
If proposal 6 is agreeable, the SeNB shoud be allowed to decide if the requested UP architecture from the MeNB is acceptable to the SeNB. This may be necessary since the MeNB may not know the backhaul condition of the SeNB. 
Proposal 7:
SeNB should have a means for informing the MeNB whether the MeNB’s proposed UP architecture is acceptable or not. 
Assuming the SeNB decides to reject the request, there are multiple alternatives that may be considered: 
· ALT 1: The SeNB has the option to indicate in the Addition/Modification Command that it has rejected the UP architecture requested by the MeNB. 
· Option 1: The SeNB includes an alternate UP architecture within the RRC container of the Addition/Modification Command as a counter proposal to the MeNB’s UP architecture request. 
· Option 2: The SeNB includes a new indicator in the Addition/Modification Command with the following sub-options; 
· Option 2-1: The new indicator is a 1-bit indicator to inform the MeNB whether the UP architecture requested is acceptable. 
· Option 2-2: The new indicator is an enumerated indicator containing the choice of UP architecture (1A or 3C) acceptable to the SeNB. 
· ALT 2: A new indication message, e.g. Addition/Modification Failure may be used by the SeNB to reject the requested UP architecture. 
· Option 1: The SeNB includes a cause in the Addition/Modification Failure, which indicates the reason of the failure (UP architecture rejected).
· Option 2: The SeNB includes a new indicator in the Addition/Modification Failure with the following sub-options: 
· Option 2-1: The new indicator is a 1-bit indicator to inform the MeNB whether the UP architecture requested is acceptable. 
· Option 2-2: The new indicator is an enumerated indicator containing the choice of UP architecture (1A or 3C) acceptable to the SeNB. 
ALT 1 has the advantage that the Addition/Modification Command may be reused; however, since the SeNB uses the RRC container to indicate the counter proposal or rejection, it will be necessary for the MeNB to interpret/comprehend the information from the SeNB in order to receive the rejection notification, 
Observation 5:
With ALT 1, the MeNB will need to interpret/comprehend the information from the RRC container in order to receive the counter proposal or rejection notification. 
With either alternative, the SeNB has the option to request an acceptable configuration(s) as a counter proposal to the MeNB’s initial request. However, this would also imply that the MeNB should also be allowed to consider the SeNB’s counter proposal or rejection. In particular, upon receiving the counter proposal or rejection from the SeNB, the MeNB should also have the following options: 
· If the MeNB receives the rejection indication from the SeNB (option 2-1 of either alternative), the MeNB may send an updated SeNB Addition/Modification Request to request a different UP architecture. 
· If the MeNB receives the counter proposal sent from the SeNB (option 2-2 of either alternative), the MeNB may decide whether the counter proposal from the SeNB is acceptable or not. Since there are currently only two UP architectures to select from, in principle, these counter proposals should only last no more than one iteration. However, it is also possible that neither UP architecture may be satisfactory to both MeNB and SeNB, in which case dual connectivity may not be possible. 
Proposal 8:
If Proposal 7 is agreeable, RAN2 should also consider if the rejection or counter proposal functionality in either alternative should be adopted.  
7. Supporting various types of UEs
As identified in [2], user plane architecture 3C will add complexity and hardware impacts to the UE. These include the increased processing power, and buffer size that is needed to take into account of the extensive re-ordering due to out-of-sequence deliveries. And this is in addition to the requirement to support dual Rx/Tx just to support 1A. 
There are many types of devices that support LTE, e.g. high-end smartphones, voice call handsets, low-cost devices or MTC devices. Some devices may need to support dual connectivity with 3C for high speed data transfers, while other devices may have no use for such a feature esp. due to the potential increase in hardware cost. Therefore it should not be assumed that all of Rel.12 UEs will support both user plane architectures, even if dual connectivity is supported. 
Proposal 9:
RAN2 should not assume that all of Rel-12 UEs can support both user plane architectures. 
If proposal 7 is agreed, eNB should be informed of the UE capability prior to the configuration of dual connectivity. 
Proposal 10:
UE capabilities for the support of specific user plane architecture for dual connectivity should be supported. 
8. Conclusion 
In this paper, we would discuss use cases and possible mechanisms to support selection of user plane alternative for dual connectivity. RAN2 is kindly asked to take the observations and proposals below into account in the normative work. 
Observation 1:
User plane architecture 3C is expected to have higher per-user throughput gain, but tighter requirements are expected of the network’s hardware. 
Observation 2:
Network should take into account the user plane architecture and the number of dual connectivity UEs even if the backhaul is well-dimensioned by the operator. 

Proposal 1:
RAN2 should assume both 1A UEs and 3C UEs may be simultaneously activated in a network.
Proposal 2:
Architecture selection of 1A/3C with RRC Connection Reconfiguration should be adopted as the baseline. 
Observation 3:
It is FFS if a 1A bearer can be directly reconfigured to be an 3C bearer and vice versa (FFS 1).  
Observation 4:
It is also FFS if a UE can be configured with both 1A bearer and 3C bearer simultaneously (FFS 2). 
Proposal 3:
The reconfiguration of a bearer between 1A and 3C should be supported. 

Proposal 4:
RAN2 should discuss impacts on UE complexity, if Rel-12 UE is allowed to be configured with both 1A and 3C bearers simultaneously. 
Proposal 5:
RRC Configuration Reconfiguration should indicate to the UE the selected UP architecture for dual connectivity. 
Proposal 6:
SeNB Addition/Modification procedure should include an indicator for the selected UP architecture for dual connectivity. 
Proposal 7:
SeNB should have a means for informing the MeNB whether the MeNB’s proposed UP architecture is acceptable or not. 
Observation 5:
With ALT 1, the MeNB will need to interpret/comprehend the information from the RRC container in order to receive the counter proposal or rejection notification. 
Proposal 8:
If Proposal 7 is agreeable, RAN2 should also consider if the rejection or counter proposal functionality in either alternative should be adopted.  
Proposal 9:
RAN2 should not assume that all of Rel-12 UEs can support both user plane architectures. 
Proposal 10:
UE capabilities for the support of specific user plane architecture for dual connectivity should be supported. 
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