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1 Introduction
In RAN#71, the SID for 5G New RAT (NR) has been approved [1].  There are the following objectives which are related to RAN2:

· Radio interface protocol architecture and procedures
· Radio Access Network architecture, interface protocols and procedures, 
Study on the above 2 bullets shall at least cover:
· Study the feasibility of different options of splitting the architecture into a “central unit” and a “distributed unit”, with potential interface in between, including transport, configuration and other required functional interactions between these nodes [RAN2, RAN3];

· Study the alternative solutions with regard to signaling, orchestration, …, and OAM, where applicable [in co-operation with SA5];

· Study and outline the RAN-CN interface and functional split [in co-operation with SA2] [RAN2, RAN3];

· Study and identify the basic structure and operation of realization of RAN Networks functions (NFs). Study to what extent it is feasible to standardize RAN NFs, the interfaces of RAN NFs and their interdependency [RAN3];

· Study and identify specification impacts of enabling the realization of Network Slicing [in co-operation with SA2] [RAN2, RAN3];

· Study and identify additional architecture requirements e.g. support for QoS concept, SON, support of sidelink for D2D [RAN1, RAN2, RAN3].
There have been some discussions on NR protocol in RAN2#93bis.  However, many issues are still quite open.  In this paper, we discuss the C-plane protocol design for LTE-NR tight interworking scenario.

2 Analysis of Scenarios for LTE-NR Tight Interworking
LTE-NR tight interworking scenarios have been identified in RAN2 and summarized by e-mail discussion after RAN2#93bis [2].  Among these scenarios, we think there are two scenarios i.e. LTE-NR tight interworking with EPC as CN as shown in Figure 1 can be studied as a starting point to analyze C-plane protocol design.  The main reasons are as follows:
From network point of view, the NextGen CN architecture and RAN-CN is still being discussed in SA2 .  Thus, RAN2 can start to discuss some scenarios which are not totally dependent on such architecture work progress in SA2.  For example, in the scenarios in Figure 1, for 3C-like architecture, there is no RAN-CN interface introduced between NR radio base station and EPC.  NR radio is utilized as a U-plane booster like SeNB SCell in DC or WLAN radio in LWA/eLWA scenarios.  For 1A-like architecture in Figure 1, there is one UP interface between EPC and NR radio base station.  Such UP interface may be similar to S1-U interface and  may not bring big standard impacts to EPC or NR radio base station.  Therefore, , these two scenarios seem to have least standard impacts from architecture perspectives thus can be studied by RAN2 firstly.

From UE point of view, having LTE cell as the anchor cell enables the maximum reuse of legacy C-plane protocols from either RRC or NAS perspectives.  From RRC perspectives, the UE with LTE radio and NR radio can still use LTE RRC to support idle mode mobility, RRC connection management and mobility management.  From NAS perspectives, the UE with LTE radio and NR radio can still rely on one NAS connection which is terminated by the UE and MME in EPC side. The NR radio of the UE, as well as the NR cell, can be made only visible to the RAN entities such as LTE eNB but invisible to EPC at all.  In this way, legacy EPC can still be utilized which can enable the early deployment of NR cells without a complete new NextGen core network.
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Figure 1. LTE-NR Tight Interworking with EPC as CN
Our view is that RAN2 should discuss the two scenarios and analyze how C-plane protocol can be designed mainly from RRC and NAS perspectives.  It is noted that some observations and conclusions can also be applied to the other LTE-NR tight interworking scenarios when LTE and NR base stations are co-located but also use EPC as CN.

Proposal 1: RAN2 should discuss the two scenarios for LTE-NR tight interworking with 1A-like or 3C-like architecture with EPC as the CN as the starting point to discuss C-plane protocol design.
3 Initial Considerations on C-plane Protocol Design

Figure 2 shows the C-plane protocol stack for LTE-NR tight interworking considering both NAS and RRC protocol layers.  More detailed analysis is provided in subsequent sections.
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Figure 2 C-plane protocol stack for LTE-RRC and NR-RRC
3.1 Initial Considerations on NAS Protocol Design
Referring to Figure 1, for both 3C-like and 1A-like architecture option, there is only one CP connection between CN and RAN, i.e., S1-MME.  As the S1-MME only terminates at the LTE macro eNB and there is one CN, we think RAN2 can safely conclude that in such scenarios, there is just one NAS connection.  Such NAS connection is transported using the S1AP and RRC in S1 interface and air interface respectively.  No matter whether NR radio is used to transport RRC message or not, there seems no need to introduce multiple NAS connections.
Proposal 2: For LTE-NR tight interworking with EPC as one only CN, UE only maintains one NAS connection with MME.

Please be noted that the assumption here is that such scenarios don’t support slicing as we assume network slicing is a NextGen CN feature so far which may not be supported by EPC.  If the CN is changed into NextGen core and if network slicing is enabled, depending on how many CN instances UE may need more than one NAS connection.  Anyway, such exceptional case seems not valid for the two scenarios discussed in this paper with EPC and the only CN.
3.2 Initial Considerations on RRC Protocol Design

3.2.1 Initial assumptions on NR-RRC

Basically we think as a new RAT, there should be a new RRC protocol to manage and operate the NR radio, which can be noted as NR-RRC.  Correspondingly, the legacy LTE RRC is noted as LTE-RRC.

For standalone NR deployment scenario, definitely, there would be a full blown NR-RRC which should be able to support all the functions that are required for NR radio operation.  However, for LTE-NR tight interworking scenarios with EPC and the only CN, we think RAN2 can start with some required functions of NR-RRC for such scenarios.  In other words, we assume in LTE-NR tight interworking scenarios, we may not need to develop a full blown NR-RRC.  Because, with LTE-RRC running in the LTE macro cell as anchor, what NR-RRC needs to provide is how the NR cell can be configured as a SeNB Cell or U-plane only booster to increase the U-plane capacity.

Proposal 3: In LTE-NR tight interworking scenarios with EPC as CN, for NR-RRC design, RAN2 can start with NR-RRC functions that are required to support such scenarios, not target to design a full blown NR-RRC.

3.2.2 LTE-RRC v.s. NR-RRC
Although we can safely predict that C-plane of the NR radio protocol would end up with a complete NR-RRC protocol due to the standalone deployment as a target, we think that in the concerned LTE-NR tight interworking scenarios, the functions of NR-RRC protocol can be developed by comparison and cooperation with LTE-RRC.  Here are some examples.
· NAS Message Transport

In LTE-NR tight interworking scenarios, there is only one NAS connection which we think may be transported by LTE-RRC or NR-RRC.  If such NAS connection is transported by LTE-RRC, it is quite simple in legacy way.  However, if NAS connection is transported by NR-RRC, there has to be a tunnel between LTE eNB and NR radio base station to transport the NAS payload.

Observation#1: In LTE-NR tight interworking scenarios with EPC as CN, NR-RRC and LTE-RRC may have different functions in NAS message transport.

· SI Broadcasting

Regarding to SI broadcasting, we think the LTE-RRC have the legacy approach to deliver the complete SIBs to the UEs but the NR-RRC may only need to broadcast some SIBs which are required by the UE to access the NR cell.  One can also consider the possibility to broadcast NR related SIBs via LTE cell considering the high efficiency due to large coverage.  More detailed SI approach are definitely open but here we observation there might be different functions for LTE-RRC and NR-RRC.
Observation#2: In LTE-NR tight interworking scenarios with EPC as CN, NR-RRC and LTE-RRC may have different functions in SI broadcasting.

· Measurement Control
Regarding to measurement report configuration and measurement report, basically, we think LTE-RRC can configure the report regarding to LTE macro cell and NR-RRC may configure the measurement report for NR cell.  However, LTE-RRC may configure the UE to report the NR radio consideration such as measurement value for the NR cell.  This might be needed to support NR cell addition or removal similar to DC and LWA cases.

Observation#3: In LTE-NR tight interworking scenarios with EPC as CN, NR-RRC and LTE-RRC may have different functions in measurement control.

· Ciphering/Integrity Protection
Regarding to ciphering and integrity protection, we think LTE-RRC can reuse legacy LTE security mechanism and ciphering and integrity protection on NR radio can be develop separately. If the NR-RRC is used to transport LTE-RRC due to some considerations such as RRC diversity, security mechanism for ciphering and integration protection on NR radio may be enabled or disabled if LTE-RRC is considered sufficiently safe.  For 1A option, NR-RRC need to enable ciphering for U-plane data.  For 3C option, user data has to be ciphered by keys configured by LTE-RRC even if it has been secured by NR radio interface as PDCP layer terminates in the LTE macro eNB.

Observation#4: In LTE-NR tight interworking scenarios with EPC as CN, NR-RRC and LTE-RRC may have different functions in ciphering and integrity protection.

Based on the above analysis by example (other aspects are not listed exclusively), we observe that the functions of LTE-RRC and NR-RRC may be different and RAN2 should discuss the functional split between the LTE-RRC and NR-RRC.

Proposal 4: RAN2 should discuss the functional split between the LTE-RRC and NR-RRC in LTE-NR tight interworking scenarios with EPC as CN.

3.2.3 Initial Considerations on Paging and RRC State Transition
Regarding to paging, in order to simplify the TA planning and reduce the impacts to CN side in these two scenarios, CN-triggered paging can only be done by LTE radio.  However, for NR radio, whether paging is needed depends on if NR radio is only used when UE is in RRC_Connected on LTE cell.  If yes, then paging in NR radio may not be required.  Even if RAN2 identifies some cases where paging in NR radio is needed, we think such paging should be controlled by RAN and should be invisible to CN side.  In such logic, UE’s RRC states exposed to the CN side only consider the LTE radio.  However, there can be sub-states for UE in RRC_Connected on LTE-RRC shown in Figure 3.In general, the EPC only knows RRC states of LTE cell but doesn’t know if the UE is connected with NR radio or not.
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Figure 3. RRC states transition for UE with LTE and NR radio in LTE-NR tight interworking scenario with EPC as CN

Proposal 5: RAN2 should discuss the paging and RRC states issues for the UE with LTE and NR radio in LTE-NR tight interworking scenario with EPC as CN and take the above considerations into account.
3.2.4 Initial considerations on Single RRC v.s. Dual RRC
Regarding to single or dual RRC for LTE-NR tight interworking as shown in Figure 3, we assume that both single and dual RRC should be considered and for LTE-NR tight interworking scenario dual RRC seems to be clean and future-proof solution.  On one hand, we think that NR is anyway a different radio with LTE radio, thus it is better to have NR-RRC protocol to be developed individually somehow.  As has been analyzed in section 2, in LTE-NR tight interworking scenario, RAN2 can start with the functions required to support the scenario.  If RAN2 consider single RRC, i.e., embed NR radio control functions to LTE RRC, it would make the specification quite complex.  On the other hand, we think that in LTE-NR tight interworking scenarios with EPC as CN, even if we claim single RRC approach i.e. the LTE eNB via LTE-RRC configures the UE’s NR radio operation, the LTE-RRC containers regarding to NR radio are actually related to NR-RRC functions.  From UE implementation point of view, single RRC means one RRC inside another which looks not so clear how to implement.  For dual RRC approach, although there are two RRC entities in UE, but each of them is in charge of different radios and functions which look cleaner.
Proposal 6: Dual RRC should not be rolled out in study item phase for LTE-NR tight interworking scenario.

4 Conclusion

In this contribution, we analyze C-plane protocol design for LTE-NR tight interworking scenario and we have the following proposals.
Proposal 1: RAN2 should discuss the two scenarios for LTE-NR tight interworking with 1A-like or 3C-like architecture with EPC as the CN as the starting point to discuss C-plane protocol design.

Proposal 2: For LTE-NR tight interworking with EPC as one only CN, UE only maintains one NAS connection with MME.

Proposal 3: In LTE-NR tight interworking scenarios with EPC as CN, for NR-RRC design, RAN2 can start with NR-RRC functions that are required to support such scenarios, not targeting to design a full blown NR-RRC.

Proposal 4: RAN2 should discuss the functional split between the LTE-RRC and NR-RRC in LTE-NR tight interworking scenario with EPC as CN.

Proposal 5: RAN2 should discuss the paging and RRC states issues for the UE with LTE and NR radio in LTE-NR tight interworking scenario with EPC as CN and take the above considerations into account.

Proposal 6: Dual RRC should not be rolled out in study item phase for LTE-NR tight interworking scenario.
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