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1   Introduction
The “NR new RAT SID” was approved in RAN plenary#71 [1]. The new radio (NR) needs to meet a broad range of use cases including enhanced mobile broadband (eMBB), massive machine type communication (mMTC), Ultra reliable and low latency communications (URLLC). These use cases have a wide variety of requirements on throughput, latency, reliability, etc. This would pose many new challenges to RAN2 works, and there is a study objective for efficient service multiplexing of traffic for different services and use cases on the same contiguous block of spectrum [1]. 
2   Discussion

2.1   The demand for a unified, flexible AI

One of the objectives of NR is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR 38.913 [2]. 5G use cases are expected to come with a high variety of requirements, e.g. latency, reliability, throughput, etc. For example, HD video services of eMBB demand very high throughput; mMTC services would demand larger amount of connectivities than in 4G NB-IoT; URLLC services require very low latency which is less than 1ms in the extreme cases. Different services may be deployed according to market scenarios, time period, geographic areas, etc. NR would support a wide range of spectrum, from sub-6GHz up to 100GHz and different spectrum usage policies, e.g. licensed, unlicensed, licensed shared access etc. The 5G would accommodate diverse capabilities of network nodes and user devices such as macro cells and small cells, smart phones and low cost devices, which lead to different requirements for air interface (AI) design.
Different radio access functions and capabilities are needed to adapt to the large variety of services and spectrum requirements. E.g. the air interface should be able to support different waveforms, frame structures, multiple access mechanisms, numerologies etc. It is desirable that NR AI can be designed in an economical and forward compatible way. As depicted in figure 1, a unified flexible AI is preferable instead of different independent AIs for each scenario. Multiple independent AIs lead to high complexity, inefficiency, and maybe forward compatibility issue. The unified AI can be simultaneously or adaptively tailored to different services requirements and spectrum characteristics.
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Figure 1: Unified flexible AI to adapt to diverse scenarios
Proposal 1: NR should support a unified, flexible AI to adapt to a variety of service requirements, spectrum characteristics and device capabilities.

2.2   Protocol architecture of the flexible AI

NR flexible AI should provide optimized radio access functions and parameters to adapt to the different use cases. It is assumed that the flexible AI is composed of multiple AI components (AIC). Each AIC is characterized by different set of physical layer features. For example, the waveform, multiple access scheme, frame structure and numerology etc can be different for different AICs. Different AICs may have different physical channel designs, e.g. different channel processing chain and numerology of (E-)PDCCHs and PDSCHs. Higher layer functions of the flexible AI should unite these multiple AICs. Both common functions and AIC specific functions are possible. The AICs may be applied to the same carrier or different carriers. Figure 2 depicts an example of the protocol architecture in the case of multiple AICs on the same carrier. 
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Figure 2: Example of flexible AI with multiple AICs within the same carrier
Proposal 2: Protocol architecture with multiple AICs (i.e. sets of physical layer features) is needed in support of the flexible AI.
2.3   Mapping between AIC and time-frequency resources
A flexible MAC layer is necessary to enable the flexible AI. Generally, MAC needs to address two kinds of AIC deployment schemes:
Option 1: semi-static mapping between AIC and time-frequency resource
In this scheme, the mapping between AIC and spectrum is fixed for a time period. RAN allocates AICs to a sub-band  of the carrier according to the decision of a centralized control plane or OAM. MAC can only allocate radio resources for services using the AIC within the corresponding sub-band. The mapping between AIC and spectrum may be adjusted according to the load, traffic volume, and radio condition, etc. E.g. the sub-band bandwidth and position allocated to a certain AIC may be changed. Moreover, AICs may be added or deleted. RAN configures the UE with one or more AICs and the corresponding sub-band information by RRC.
Option 2: dynamic mapping between AIC and time-frequency resource
In this scheme, time frequency resources for the AICs can be allocated dynamically per TTI. RAN does not fix the mapping between AIC and sub-band-, i.e, In each TTI, a certain AIC may use any PRBs within the carrier bandwidth. The presences of AICs are also dynamic. For example, in TTI#1, AIC#1 is present; in the next TTI, AIC#2 is present; in another TTI, both AIC#1 and AIC#2 are present. Justification of this scheme may be that the traffic and radio conditions are very dynamic such that radio resource requirements for each AIC are very dynamic accordingly. RAN configures UE with one or more AICs by RRC. However, RAN does not indicate UE the mapping relationship between AIC and sub-band by RRC. MAC layer determines the radio resources allocation to each AIC, and further determines the time frequency resource allocation to services using certain AIC at per TTI basis.
Comparison of option 1 and option 2 is depicted in Table 1:
Table 1

	
	Semi-static
	Dynamic

	RAN impacts
	Interference coordination among transmission points (TP) may be achieved with existing eICIC, CoMP schemes assuming semi-static alignment of AIC and sub-band mapping for multi-cells;
Backhaul latency requirement can be loosen;
	Inter-TP interference coordination is more dynamic if different AICs in different TPs are not aligned;
low latency backhaul is needed;

	UE impacts
	UE is aware of the AIC and sub-band information by configuration, blind detection of multiple AICs is not required; 
	UE may have to blindly detect which AIC(s) are used per TTI;

	Service multiplexing efficiency
	May sacrifice some efficiency due to AIC reconfiguration latency
	Can be high with proper RRM algorithms


For both options, both frequency division (FDM) and time division multiplexing (TDM) schemes are possible for multiple AICs within the flexible AI framework. The TDM and FDM schemes may be utilized at different time period or simultaneously. Other means e.g. spatial division multiplexing (SDM) or code division multiplexing (CDM) are also possible.
 Observation 1: Both semi-static and dynamic mapping between AICs and time-frequency resources are possible.
2.4   Mapping between logical channels and AICs
Mapping between logical channels and transport channels is an important function in LTE MAC. In the carrier aggregation (CA) scenario, data packets from a bearer may be transmitted via the PCell or SCells according to MAC scheduling decision. It is assumed that logical channels  to transport channel mapping is still one of the fundamental functions of NR MAC. When NR flexible AI is utilized, data packets of every logical channel need to be transmitted through one or more AICs. Therefore, NR MAC should handle the mapping between logical chanels and AICs.

Semi-static and dynamic mapping between logical channels and AICs are possible according to service requirements, radio conditions and deployment scenarios etc. They can be applied to both option 1 and option 2 regarding the mapping between AIC and time-frequency resources. Mapping between logical channel and AIC can be independent of mapping between AIC and radio resources. E.g. Modification of AIC and radio resource mapping does not necessarily lead to change of logical channel and AIC mapping, and vice versa. 
Semi-static mapping means that the mapping between logical chanel and AIC is configured by RRC. The logical channel packets are transmitted only over a particular AIC. MAC performs logical channel multiplexing according to configured mapping relationship. This scheme may be a typical use case, e.g. kind of service characteristics demands certain kind of AIC numerology design.
Dynamic mapping means that MAC decides which AIC to be used to transmit the user traffic per TTI. For example, in the flexible TTI scheme, the interference condition or packet size variation may require different TTI length for higher efficiency. Assuming different TTI length is identified by different AIC indices. MAC determines variable TTI lengths to be used for the same logical channel at different conditions. The flexible AI model in this scheme is similar to carrier aggregation (CA), each AIC can be considered as a CC. The packets from a bearer can be transmitted via any AIC according to scheduling decision, similar to the case of CA where a bearer may be routed via any one of the CCs.
In the NR flexible AI framework, it is expected that TTI length can be configurable or dynamically changed over time, frequency, spatial and code domains.
Observation 2: Both semi-static and dynamic mapping between logical channels and AICs are possible.
Observation 3: The mapping between AICs and time-frequency resources, and the mapping between logical channels and AICs can be independent.
2.5   MAC architecture
To support flexible AI, the MAC architecture may need to comprise both entities for inter-AIC and intra AIC handling.  As depicted in Figure 3.
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Figure 3: MAC architecture for flexible AI
The inter-AIC entity is a common entity across multiple AICs. It is responsible for radio resources mapping/allocation for each AIC as a whole, e.g. for group/class of services or UEs.
If the mapping between AIC and sub-band is semi-static, the inter-AIC entity distributes radio resources for each AIC under the constraints of RRC configuration. It may also be configured as transparent, and each intra-AIC entity allocates radio resource for this AIC directly according to RRC configuration. If the mapping between AIC and time-frequency resources is dynamic, the inter-AIC entity needs to distribute overall radio resources for each AIC dynamically according to scheduling decision.

The inter-AIC entity is also responsible for service to AIC mapping/routing according to RRC configuration or dynamically, e.g. to which AIC should the service be mapped. If the mapping between services and AIC is semi-static, it just route the services to the corresponding AIC according to configured mapping relationship. For the dynamic mapping case, it decides the AIC to be used for services dynamically per TTI. As exemplified in flexible TTI length case at section 2.3.
Each AIC may be configured with an intra-AIC entity which is responsible for radio resource allocation for services/UEs associated with the corresponding AIC. The intra-AIC entity is also responsible for service multiplexing within the AIC, e.g. to determine which services to be multiplexed for a TTI for the AIC. AIC specific HARQ entities may be needed because different AIC may be configured with different number of HARQ processes, the TTI length may be different for different AICs.
It is also possible that intra-AIC entity can be configured as transparent, then the inter-AIC entity will take over all functions relevant to the intra-AIC entities.
Proposal 3: For NR, MAC supports mapping between logical channels and AICs and mapping between AICs and radio resources.
2.6   UE access impact of flexible AI
Flexible AI may impact UE access procedures. Considering different UE capabilities and service requirements, it is possible that different UEs may access the system through a particular AIC or common access functions for multiple AICs. For example, some UEs may only need to or only be able to support a particular AIC. Some AICs may be self-contained, e.g. a separate or independent sub-system with its own system information and access resources. NB-IoT is a typical example. While some other AICs may depend on common access functions, they cannot be accessed independently. For example, they have a lean design to reduce overhead. Common functions are located on a common or separate AIC. In this case, system information and random access resources may be available only on the common AIC for multiple AICs, or some AIC specific system information can also be available at each corresponding AIC. The common AIC is used as the entry point for multiple lean AICs.
Proposal4: Study UE access impacts of multiple AICs, e.g. via self-contained independent AIC or via common functions for multiple lean AICs.
3   Conclusion
In this paper, we propose to introduce flexible AI to support 5G diverse use cases. The detailed proposals are:
Proposal 1: NR should support a unified, flexible AI to adapt to the variety of service requirements, spectrum characteristics and device capabilities.
Proposal 2: Protocol architecture with multiple AICs (i.e. sets of physical layer features) is needed in support of the flexible AI.
Proposal 3: For NR, MAC supports mapping between logical chanels and AICs as well as mapping between AICs and radio resources.
· Observation 1: Both semi-static and dynamic mapping between AICs and time-frequency resources are possible.
· Observation 2: Both semi-static and dynamic mapping between logical channels and AICs are possible.
· Observation 3: The mapping between AICs and time-frequency resources, and the mapping between logical channels and AICs can be independent.

Proposal 4: Study UE access impacts of multiple AICs, e.g. via self-contained independent AIC or via common functions for multiple lean AICs.
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