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Introduction
In RAN2#93BIS meeting, control plane for LTE-NR tight interworking have been generally discussed but no conclusion was made. In this contribution, we would discuss it further. 
Discussion
Control plane of DC in LTE
LTE-NR tight interworking is widely discussed but we think there is still lack of a very clear definition of LTE-NR tight interworking. In order to simplify the discussion, in this contribution we will start our discussion of LTE-NR tight interworking based on the concept of DC since we believe DC is a well understood  form of  tight interworking.
Regarding the control plane architecture of DC in LTE, based on contribution submitted to RAN2#81bis, the main four architecture alternatives were identified by RAN2 and are shown in Figure 1 [1].




Figure 1  Radio Interface C-plane architecture alternatives for dual connectivity
· Alt C1: A single RRC entity is maintained in the UE and the anchor eNB. RRC signaling is transmitted/received via radio resources provided by the anchor cell;
· Alt C2: A single RRC entity is maintained in the UE and the anchor eNB. RRC signaling is transmitted/received via any combination of radio resources of cells (anchor cell and/or assisting) involved in dual connectivity;
· Alt C3: A single RRC entity is maintained in the UE. Each cell involved in dual connectivity maintains an RRC entity which partly interacts with the RRC entity in the UE.
· Alt C4: An RRC entity per each cell involved in dual connectivity is maintained in the UE and in the network. The entities can be dependent or independent of each others. The mechanism for RRC signalling transmission/reception via radio recourses of the cell could be similar with C3.
Regarding to the qualitative performance comparisons of these CP architecture alternatives in terms of configuration delay, synchronization of RRC parameter change, signaling and processing overhead, and complexity in the UE side & the network side, Alt C1 is selected as baseline for dual connectivity [2]. 
However for LTE-NR DC case, some problems would rise with Alt C1 since NR nodes and LTE eNBs are from different RATs instead of the same RAT like  LTE DC:
· Problem 1: the LTE eNB must be upgraded to understand the RRC configuration of the NR node due to the possible brand new configuration parameters and timers in NR. 
· Problem 2: RRC need to be relocated when the UE looses coverage of the macro cell. This may not be rare case when NR node/LTE eNB is deployed at the cell edge of LTE eNB/NR node, especifically when NR is in the stage of early depolyment. 
· Problem 3: timing uncertainty for synchronization between reception of RRC messages and reconfiguration of radio resources for the Assisting eNB (i.e., NR) may prevent the NR from satisfying the performance requirements.
Observation 1  : The gain of the CP architecture applied to DC (i.e., Alt C1) may decrease when it is applied to LTE-NR DC.
Therefore we propose to reanalysis the above four options for LTE-NR DC. 
Proposal 1 : To re-analyze the C-plane architecture alternatives for dual connectivity in LTE-NR DC.
A single or multiple RRC entities in the network?
To determine whether SeNB in LTE-NR DC scenario should have the RRC entity or not, the pros and cons should be discussed first. The comparison between the following two options are listed in Table 1 based on the previous email discussion results [3]:
· Option 1: Single RRC entity in the network
· Option 2: multiple RRC entities in the network


Table 1  Comparison between a single and multiple RRC entities in the network
	
	Option 1: Single RRC entity in the network
	[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Option 2: multiple RRC entities in the network

	benefits
	1.	This is simple solution
2.	Well aligned with the legacy system as this alternative is close to the control plane solution of Rel-10 Carrier aggregation. 
3.	Minor impacts to standards and UE/Network implementation  
4.	No additional solutions needed for security aspect as PDCP can locate on Anchor eNB
5.	Easy to route the RRC message particularly in UL, since only one termination point.
6.	Anchor eNB guarantees the configuration does not exceed the UE capability.
7.	Amount of signaling overhead remains low
	1.	Some parameters can be signalled directly from the assisting eNB which make reconfiguration time shorter and more flexible. However, due to UE capabilities, there are limited possibilities for this without coordination between nodes.
2.	Less interactions between the Anchor eNB and the Assisting eNB. Thus backhaul capacity and latency requirements less strict.
3.	No timing uncertainty for synchronization between reception of RRC messages and reconfiguration of radio resources for the Assisting eNB.
4.	Possibility for better RLF recovery via RRC connection to either cell.


	drawbacks
	1.	RRC need to be relocated when the UE looses coverage of the macro cell, which could be a common case. 
2.	Robustness of RRC messages exchange can be low due to RRC message exchange in small cell centre or macro cell edge, especially scenario #1.
3.	Longer delay for configuring/reconfiguring dedicated resources of the assisting eNB (e.g. PUCCH resource). 
4.	Some interactions between Anchor eNB and Assisting eNB as the Assisting cell eNB needs to provide all information for anchor eNB so that the Anchor eNB can configure the UE. This also can bring limitations for the backhaul (delay and capacity).
5.	Slightly increase the processing requirement of the anchor eNB. 
6.	Synchronization between reception of RRC message and reconfiguration of radio resources for the SCeNB may be complicated by the presence of the Xx interface (i.e. unknown timing).
	1.	More complex and more standardization impacts.
2.	Coordination mechanism is needed to guarantee not to exceed the UE capability.
3.	Mechanism to route the uplink RRC message to the right RRC entity is needed.
4.	Requirement to put the PDCP entity in Assisting eNB and different security keys
5.	LCP procedure impact to map a certain data on SRB to certain radio resources
[bookmark: OLE_LINK7][bookmark: OLE_LINK9]6.	Possible more number of RRC messages. 
7.	Possible confliction of the identifiers e.g. RRC-TransactionIdentifier. Currently only one RRC procedure can be running at the time.


According to Table 1, the main reasons for complexity of option 2 are: 1) separate security needed in the SeNB, 2) routing of UL messages towards the correct node, 3) solution for parallel RRC procedures that are not supported currently and 4) possible more number of RRC messages. But these drawbacks are not so certain in LTE-NR DC. In the following we would discuss them further one by one.
1. A solution is needed for security as PDCP locates in the SeNB
a) Solution for security is needed for the multiple RRC entities case, but it also depends on UP options. If PDCP is located in SeNB independently, there is no additional complexity to support multiple RRC entities. 
2. A solution is needed to route the RRC message particularly in UL
a) New SRB can be introduced to distinguish between two RRC messages, which can be done by having a separate SRB for NR.
b) Or alternatively, following the logic of logical channel prioritization, it would not be difficult for the UE to send RRC messages towards the correct eNB.
3. Currently, only one RRC procedure can be running at the time. This principle needs to be changed.
a) This may be addressed without changing the current principles. For example, by prioritization of procedures and/or delaying a procedure towards a SeNB in case of conflicts.
b) Or alternatively, the reconfiguration procedure with the NR can be made entirely independent from any RRC procedure with the LTE eNB. NR is a new RAT and has the natural advantage to realize this.
4. Possible more number of RRC messages
a) It is believed that with multiple RRC entities MeNB and SeNB perform RRC procedure independently, the amount of RRC messages towards the UE would be doubled compared to a single RRC entity case.  But MeNB cannot predict when indication of radio resource configuration change from SeNB arrives, combining of RRC messages would not happen very often in option 1. Thus we think there is no much difference in signalling overhead in Uu between single RRC entity and multiple RRC entities in the network.
With the above rethinking, we can find that the drawbacks of having multiple RRC entities in the network are solvable in LTE-NR DC. Sometimes NR has the natural advantage to overcome them.
Observation 2  :The drawbacks of having multiple RRC entities in the network are solvable, especially in LTE-NR DC scenario.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Except for the above advantages inferred from previous study on DC, there are some other benefits of having multiple RRC entities in the network for LTE-NR DC:
1. Maximize the performance of NR
In LTE DC, each eNB should be able to handle UEs autonomously, i.e., provide the PCell to some UEs while acting as assisting eNB for other. Which also means the behaviour of the LTE eNBs (either MeNB or SeNB) are similar, the only difference is the role they play before a UE.
Different from LTE DC, the operation of the nodes (i.e., LTE eNB and NR node) in LTE-NR DC scenario may be significantly different. For NR, the measurement configuration/reporting is assumed to be completely new, the retransmission mechanism to achieve higher reliablity may no longer be ARQ/HARQ, the power saving scheme may not be based on DRX, and the uplink data multiplex princeple may not be related to LCP any more. Considering the large differences between NR and LTE, the nodes should have independent RRC entities so that NR could be free from LTE restrictions. 
Observation 3  : Having multiple RRC entities in the network is beneficial to maximize the performance of NR.
2. Minimize the upgrade of LTE eNB
As per legacy, MeNB is required to maintain the SeNB’s RRM measurement configuration of the UE and understand the measurement results related to the SeNB. Based on this principle, MeNB could affect SCG addition and modification procedure. Consider the case that only one RRC entity in LTE-NR DC scenario. If the aforementioned principle also applies, the LTE eNB (as MeNB) would have to be upgraded to understand the configuration and measurement results related to NR. But if multiple RRC entities in the network are assumed, the upgrade of the LTE eNB would be minimized since NR radio resource management can be handled by NR node itself.
Observation 4  : The upgrade of LTE eNB would be minimized with multiple RRC entities in the network since NR radio resource management can be handled by NR itself.
3. Allow a fast establishment of DC either when the UE is in NR or when the UE is in LTE
In DC, the SeNB Addition procedure is initiated by the MeNB and is used to establish a UE context at the SeNB. It means that the first connected LTE eNB would be considered as MeNB for the UE. 
While for LTE-NR DC, the first connected node may not qualify to be the MeNB. As shown in Figure 2, a UE may first connect to LTE micro which may not fit as an CP anchor from mobility point of view. In such case, only one RRC entity seems insufficient to support the fast establishment of DC. However if two RRC entities are assumed, it would not be overcomplicated to make the NR macro become the CP anchor, though NR macro is the second connected node to the UE.


Figure 2   An example scenario
Observation 5  : Multiple RRC entities in the network allows a fast establishment of DC either when the UE is in NR or when the UE is in LTE.
4. Allow for more than one SeNB 
In the future, a UE may be able to connect to multiple nodes at the same time to achieve ultra high throughput and seamless HO. One example scenario is NW slicing where one UE should be able to connect to multiple CN-RANs. If only one RRC entity is used in the network, the processing requirement of the anchor eNB would increase to make the coordination among the assisting eNBs. Therefore we suggest having an RRC entity per eNB to guarantee the forward compatibility of future features.
Observation 6  : Having a RRC entity per eNB is beneficial to allow for more than one SeNB.
Weighing the pros and cons, we propose to start our study on LTE-NR DC assuming multiple RRC entities in the network. 
Proposal 2 [bookmark: OLE_LINK8][bookmark: OLE_LINK16]Having multiple RRC entities in the network could be selected as the CP architecture for LTE-NR DC.
With multiple RRC entities in the network, it is obvious that:
Proposal 3 NR node and LTE eNB can generate final RRC messages to be sent towards the UE and may send those directly to the UE.
A single or multiple RRC entities in the UE?
If a single RRC entity is assumed in UE, the UE maintains one RRC entity with one set of parameters and timers etc. While if two RRC entities are assumed in UE, the entities are more independent and could even have separate RRC states, timers etc.
Handling two different RRC state machines is likely to have a major impact on UE complexity. Besides the impacts to MME and CN is unclear. Considering the complex work in the network side, we suggest to start our work with a single RRC entity in the UE side.
Proposal 4 Take a single RRC entity in the UE as a baseline assumption for further discussions.
Conclusions
In this work, we have discussed the issues related to control plane for LTE-NR DC. Our proposals are as below:
Observation 1  The gain of the CP architecture applied to DC (i.e., Alt C1) may decrease when it is applied to LTE-NR DC.
Observation 2  The drawbacks of having multiple RRC entities in the network are solvable, especially in LTE-NR DC scenario.
Observation 3  Having multiple RRC entities in the network is beneficial to maximize the performance of NR.
Observation 4  The upgrade of LTE eNB would be minimized with multiple RRC entities in the network since NR radio resource management can be handled by NR itself.
Observation 5  Multiple RRC entities in the network allows a fast establishment of DC either when the UE is in NR or when the UE is in LTE.
Observation 6  Having a RRC entity per eNB is beneficial to allow for more than one SeNB.

Proposal 1 To re-analyze the C-plane architecture alternatives for dual connectivity in LTE-NR DC.
Proposal 2 Multiple RRC entities in the network could be selected as the CP architecture solution for LTE-NR DC.
Proposal 3 NR node and LTE eNB can generate final RRC messages to be sent towards the UE and may send those directly to the UE.
Proposal 4 Take a single RRC entity in the UE as a baseline assumption for further discussions.
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