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Introduction
During the last RAN3 meeting there was a discussion about the possible standardization of an interface for one or more higher-layer split options (i.e., option 2 and 3) [1]. In this paper, we first explain that option 2 presents some technical benefits with respect to option 3, and for this reason we conclude that option 2 should not be down-prioritized. Afterwards, we analyze the implications of defining a normative specification text (i.e., standardization stage 3) for an interface for option 2. We observe that a fully standard interface may limit the implementation of advanced control functionalities, leading to reduced network performance and making the network management more complex. Therefore, RAN3 is asked to agree to only specify a functional description of the architecture for option 2. 

Comparison between option 2 and option 3
In split option 2 the RRC and PDCP are in CU while the RLC, MAC, PHY and RF are in DU [1]. In split option 3 the RRC, PDCP and part of the RLC functions are in CU while the other part of the RLC functions, MAC, PHY and RF are in DU [1]. There may be specific scenarios in which option 3 introduces some advantages, as described in [1]. On the other hand, option 2 presents some technical benefits with respect to option 3. In the following we elaborate on these benefits.
2.1) Open issues with option 3
Two different sub-options of option 3 have been identified, depending on how the RLC functions are divided between CU and DU. 
In sub-option 3-1 the ARQ and packet re-ordering functions are performed in the CU, while the segmentation function is performed in the DU. There are some open issues with the centralization of the ARQ function that need to be properly addressed. In other papers we discuss in detail these issues [2, 3, 4]. In summary, the main concerns with option 3-1 are:
· It might make it complex to correctly tune the ARQ parameters because of the varying transport network latency and varying queuing time in the DU;
· The centralized ARQ may trigger retransmissions in case of congestion-related losses in the transport network, which increases the congestion and cause additional losses;
· The centralized ARQ may create fairness issues when the transport network is shared among different access technologies, due to the fact that it hides transport congestions to the transport layer protocol making it slower in reacting.   
Interested readers can find more explanations in [4] where we propose that these issues are addressed before potentially moving forward in designing an interface for option 3-1.
In sub-option 3-2 the ARQ and RLC TX functions are performed in the DU, while the RLC RX functions are performed in the CU (except for control PDUs in RLC AM). The major concerns with option 3-2 are: 
· Two buffers are required for transmission (one at CU and one at DU); 
· The transport network latency impacts the time required to deliver the RLC PDUs to the DU. In case of a congestion in the transport, the increased delay in the transport network might reduce the radio performance.
2.2) Compatibility with dual connectivity (DC)
Option 2 is compatible with DC [5] and thus allows traffic aggregation to/from DUs with different RATs, such as NR, LTE and WLAN. Additionally, it can facilitate the management of traffic load among DUs with different RATs. The capability of supporting traffic aggregation among different RATs is very important for implementing LTE/NR tight interworking. In option 2, this is possible because the PDCP layer is access agnostic and its functionalities are not tightly coupled to the lower layer functions. On the other hand, the RLC functionalities and configurations (e.g., timers and counters) are more tightly coupled to the lower layers (e.g., MAC and scheduler) and are specific for the adopted RAT. For this reason, option 3 might make more difficult to support traffic aggregation and load management among DUs with different RATs. This also mean that in option 3 it is potentially more difficult to implement LTE/NR tight interworking.
2.3) Faster and less complex standardization 
The basic procedures of an interface for option 2 can be derived from previous technical specifications (i.e., re-using the work from DC) [5, 6, 7]. Therefore, this split option is the most straightforward option to standardize and the incremental effort required to standardize it could be relatively small. On the other hand, for option 3 more work will be required because new procedures will need to be defined. In addition, since the RLC functionalities are tightly coupled to the lower layers, the standardization of option 3 will be more dependent on the decisions in RAN2. Finally, it should be noted that with option 2 it would be probably easier to provide multi-vendor support, because already today the PDCP layer is relocated between different eNBs (possibly from different vendors) in case of handover while lower layers (RLC/MAC) are re-started at handover. 
Observation 1: Option 2 provides some technical benefits with respect to option 3. For this reason, option 2 should not be down-prioritized (see section 2).  

Impact of a standard interface 
In this section we analyze the impact of defining a fully standard interface (i.e., standardization stage 3) for option 2 on the radio network control and management. 
3.1) Radio network control 
The user plane (UP) in option 2 operates in the same way as in DC. However, the control plane (CP) in option 2 operates in a different way than in DC, and it might be less efficient if a fully standardised interface for option 2 is utilized. We provide an example in the following.
Let us consider the Rel-12 DC scenario of figure 1(a) where the MeNB (black) is from vendor V1 and the SeNB (green) is from vendor V2. There are two separate resource control (RC) entities: one for MeNB of vendor V1 (RC-V1) and one for SeNB of vendor V2 (RC-V2). The RC-V1 is responsible for configuring the lower-layers (RLC, MAC and PHY) in the MeNB, and for informing RC-V2 on how to configure the lower-layers in the SeNB. The RC-V1 uses an internal interface to configure the lower-layers in the MeNB and therefore can setup advanced, vendor-specific features, such as specific scheduling algorithms and resource allocation schemes. The RC-V1 uses the X2-AP to inform the RC-V2 on how to configure the lower-layers in the SeNB. Unfortunately, RC-V1 cannot configure the lower-layers of SeNB in a way to fully exploit the SeNB implementation. This is because RC-V1 is not aware of the implementation and specific algorithms used by vendor V2. This may lead to some reduction in the achievable radio performance and to an inconsistency in the way the MeNB of V1 and the SeNB of V2 can perform towards the UE. On the other hand, several complex control functions (e.g., access and mobility) are only performed over the MeNB. It would be beneficial if the MENB could use such features with any SeNB, but for such implementation to be possible there would be the need of integration work, which would fine tune the MeNB-SeNB interface between MeNB and SeNB so to allow exploitation of implementations on both nodes at its best. 
Let us consider the scenario of figure 1(b) with two DUs connected to the same CU. This is a possible network deployment based on split option 2. DU1 is from vendor V1 (black) and DU2 is form vendor V2 (green). The DUs perform the lower-layers processing (RLC, MAC and PHY). The CU is from vendor V1 and performs the higher-layer functions (PDCP and RRC). There are three RC entities: one for the CU (RC-V1-CU), one for DU1 (RC-V1-DU) and one for DU2 (RC-V2-DU). The RC-V1-CU employs a fully standard option 2 interface (Op2-AP) to inform the RC-V1-DU and RC-V2-DU on how to configure the lower-layers in the DUs. Unfortunately, the fully standard Op2-AP does not allow RC-V1-CU to setup implementation specific features neither in DU1 nor in DU2. This leads to lower radio network performance with respect to the DC scenario (fig. 1(a)), where the MeNB could use advanced features (e.g., to perform more efficient access and mobility functions). Once again, instead of a fully standardized interface between CU and DUs it would be best if 3GPP could provide a functional description of how the nodes would work, while leaving to integration work the task of fine tuning the interface between CU and DUs so that different implementations potentials can be exploited in the best possible way.
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Figure 1: User plane and control plane architectures for (a) dual connectivity (DC) and for (b) option 2.

3.2) Radio network operation  
The resource control (RC) perform several functions to handle initial access and mobility, such as configuration of the lower-layers, admission control and load balancing. These functions require a tight interaction between the RC and the lower-layers. Some of these functions might depend on the hardware implementation and might be vendor-specific. For this reason, defining a standard interface for option 2 is complex and might prevent the RC to perform some advanced functions (e.g., it might prevent the RC to configure some advanced features of the lower-layers). 
3.3) Operation and Management support (OAM)
It should be also noted that in LTE a single Operation and Maintenance (OAM) is employed to monitor and manage the entire eNB (including all the protocol layers). The centralization of PDCP and RRC in a separate unit will impact the implementation of the OAM. The impact will be larger in case that, in addition to being centralized, the PDCP and RRC are virtualized and operated in a cloud environment. In this scenario the OAM would need to interact with a cloud orchestrator (or a VNF manager) to be able to monitor and manage the radio network. 
3.4) PDCP pre-scheduling 
The current specifications allow to perform pre-scheduling at the PDCP layer [5, 6]. This pre-scheduling can help in some cases to achieve a higher transmission efficiency over the air interface. In order to perform pre-scheduling at the PDCP layer some scheduling-related information must be sent over the PDCP-RLC interface. The type of information depends on the adopted pre-scheduling algorithm and is implementation-specific. A fully standardized interface for option 2 would prevent the flexibility of implementing efficient pre-scheduling algorithms at the PDCP layer.
Observation 2: The definition of a fully standard interface for option 2 may limit the implementation of advanced control functionalities, leading to reduced network performance and making the network management more complex (see section 3).

Conclusions
In this paper we compared option 2 and option 3 and we analyzed the impact of the standardization of an interface for split option 2. 
Observation 1: Option 2 provides some technical benefits with respect to option 3. For this reason, option 2 should not be down-prioritized (see section 2).  
Proposal 1: RAN3 is asked not to down-prioritize option 2.
Observation 2: The definition of a fully standard interface (i.e., standardization stage 3) for option 2 may limit the implementation of advanced control functionalities, leading to reduced network performance and making the network management more complex (see section 3).
Proposal 2: RAN3 is asked to agree to only specify a functional description of the architecture for option 2 (i.e., stage 2 level standardisation).
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