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1. Introduction
The NR system shall be able to address the (sometimes very contradictory) requirements of three quasi-orthogonal use case families defined by SA2 [3]-[5]. At RAN2#93bis meeting, it was decided that RAN2 should first focus on defining the functionality of the protocol stack to address the RAN KPIs [2] resulting from SA2 use cases. In this contribution, we leverage the mapping analysis between NR KPIs and use cases provided in [1] to assess which UP functions are needed for each use case, and the resulting associated requirement for stack flexibility. We also propose new functions expected to facilitate meeting the most stringent NR requirements even in non-ideal fronthaul configurations while leveraging NR architecture.

2. Discussion
2.1. NR KPIs and their mapping onto use cases
In [1] we provide an analysis of the mapping of RAN NR KPIs [2] onto the three use case families defined by SA2 [3]-[5]. This allows clarifying which KPIs apply to which use cases, and check if and how KPIs can be classified into groups, thus allowing a better KPI addressing through e.g. network slices associated to services. One outcome of [1] is that not all KPIs apply to all use cases and instead, the use cases are almost orthogonal with close to independent KPIs families in Table-1. 
Table-1 KPI of the use cases families and the impact to UP
	Use case
	KPIs/Characteristics
	Impact to UP design

	eMBB[3]
	· high spectral efficiency, 
· high peak rate, 
· very high mobility, 
· low latency
	· Full blown stack performance, 
· large PDUs, 
· leverages multi-connectivity to maximize throughput (split bearers), 
· long active periods

	URLLC[4]
	· high reliability, 
· very low latency,
For some use cases,
· low power, 
· high mobility
	· Smaller packets,
· minimum L2 functionality optimized for speed and reliability, 
· leverages multi-connectivity to maximize robustness (duplicate bearers), 
· small active periods

	mMTC[5]
	· very low power and cost, 
· very high density, 
· high coverage, 
· low mobility
	· Small packets, 
· minimum L2 functionality optimized for cost and battery life, 
· long inactive periods, 
· huge number of devices, 
· bulk provisioning


2.2. UP function analysis
In this section, we start the UP function analysis with the current LTE UP functions and check whether the existing functions are still needed in NR or can be made optional for some use cases and/or if new functions need to be introduced.
2.2.1 Existing UP function analysis

The grouping of KPIs per use case in section 2.1 allows deriving for each use case which existing UP function is needed as summarized in Table 2.
Table 2: UP functions and NR use cases
	UP functions
	eMBB
	URLLC
	mMTC

	Sequence Numbering
	Yes
	Yes
	Yes

	Header compression
	Optional
	Optional
	Optional
(Cost/efficiency trade-off)

	Ciphering
	Optional
	Optional
	Optional

	Integrity protection
	Optional
	Optional
	Optional

	Reordering/ duplication detection
	Yes
	Optional 
(depends on whether HARQ is needed）
	Optional 
(due to single flow, infrequent small packets)

	Concatenation/ segmentation
	Yes
	Optional 
	Yes

	Multiplexing
	Yes
	Optional
	Optional 
(mMTC device likely has only one service at a time)

	HARQ
	Yes
	Optional
(Due to critical latency requirement, and also depends on RAN1) 
	Yes 
(coverage)

	ARQ
	Yes
	Optional
(Due to critical latency requirement)
	Optional 
(complexity)

	Scheduling (SR/BSR/PHR/LCP)
	Yes
	Yes 
	Yes

	Power saving (DRX， CC activation)
	Yes
	Yes
	Yes 
(Very long DRX. Sleep most of time)

	RACH
	Yes
(Optimized for transmission efficiency)
	Yes
(Optimized for latency)
	Yes 
(On each new data burst, Optimized for power saving)

	QoS
	Yes
	Yes
	Yes

	TA maintenance

	Yes
	Yes
	Optional


As in legacy stack, it should be possible to bypass security functions and header compression depending on the bearer/flow type. However, it is expected that security functions would be enabled most of the time as end-to-end integrity protection and confidentiality are a constant requirement across the use cases for control plane and user plane flows respectively. Header compression is mainly useful for small packets, but also comes with an implementation cost and energy, which can be viewed as a trade-off for mMTC devices. In a single link connection, reordering and duplication detection is coupled with HARQ and ARQ, which support is a latency/reliability trade-off for URLLC. It would be expected that mMTC calls for HARQ in support of the coverage requirements. This highly depends on RAN1 design though and having HARQ only might be sufficient thus saving cost and energy. Concatenation/segmentation and multiplexing could be made optional for URLLC in support of small critical packets requiring dedicated resources. TA maintenance can be optional for some mMTC UEs because either they are stationary or they only transmit through RACH, so re-acquire synchronization on every transmission.
According to the above table, it is observed that:
· For eMBB, all the current UP functions are needed. 
· For URLCC, considering the high requirement on latency, some of the UP functions could be made optional. E.g., ARQ, concatenation/ segmentation.
· For mMTC, as lean stack as possible should be designed to minimize cost, e.g. security concatenation/segmentation and HARQ only.
From the above, it results that different use cases will call for different U-plane function combinations. Therefore, the protocol stack should provide a high flexibility in allowing optional functions when configuring a service. From Table 2, it appears that most functions should be made optional and only a few shall always be required: sequence numbering, scheduling, RACH, DRX. This is further illustrated in Figure 1 showing an example of L2 functions mapping onto the NR use cases, and where dashed function are disabled.  
Proposal 1: The UP protocol stack should provide high flexibility in allowing functions to be optional when configuring a service.

Proposal 2: All UP functions could be configured as optional in the stack except most basic ones: RACH, scheduling, DRX, sequence numbering.
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Figure 1: Example of UP functional mapping onto SA2 use cases
2.2.2 New UP function analysis

Even though most NR KPIs should be primarily achieved through physical layer enhancement, e.g., high peak rate, reliability, resource efficiency etc, new L2 UP functions will also be needed to leverage L1 improvements and the new architecture. These include:
· Multi-connectivity handling
Both eMBB and URLLC will leverage the multi-connectivity facilitated by the NR architecture, featuring multiple distributed units (DUs) controlled by one central unit (CU) thus allowing UEs to Tx/Rx concurrently to/from multiple DUs. 
In the case of ideal fronthaul between CU and DUs, the multiple flows can be optimally configured and combined at the physical layer (e.g. CoMP). 
But with non-ideal fronthaul where 10-20ms may separate the different flows, we have distributed scheduling in DUs and the multi-connectivity combining will rather occur in L2 protocol in the CU. Therefore we propose a centralized combining function at the point in the stack where the multiple connections merge (CU for the network side). In addition, only one ARQ and one reordering function in CU would be seen sufficient and would save both processing and latency. For centric ARQ, it will bring more flexibility for dynamic scheduling the ARQ retransmission via the different paths based on load, QoS, etc…. For centric reordering, it would avoid two levels reordering as e.g. in today’s PDCP and RLC in DC. As discussed in Section 2.1, the most critical KPI for eMBB service is the throughput whereas URLLC is driven by both latency and reliability. These two services can leverage the multi-connectivity function by either splitting or duplicating flows or a mix of both to fulfill their respective KPIs.  
Proposal 3: In support of non ideal fronthaul, it is proposed to study multi-connectivity handling at Layer 2 including three new functionalities: 
1) centralized L2 combining; 
2) centralized ARQ; 
3) centralized one level reordering. 
· Aggressive QoS handling
The mix of URLLC services with other services may call for new functions in managing high priority packets (including pre-empting other services). This also very much depends at the moment on the outcome of SA2 discussion of flow vs bearer. In addition, in legacy system, it was assumed that all radio links could provide the QoS required by the bearer. And all packets belong to a bearer were treated with the same QoS. For NR, this may not be held due to very different channel characteristics of HF and LF, so different reliability characteristics.

· Autonomous transmission
 In [6], we discuss the introduction of a new RRC state where UE, even though in IDLE state could still autonomously and efficiently send some data bursts. Several options can be studied here, including common/contention-based transmissions, RACH piggy-backed data transmission, sidelink-like resource pool, etc..
Proposal 4: Some new UP functions should be analyzed for NR, including at least, multi-connectivity handling and autonomous transmission.  
Proposal 5: Potential new protocol stack architecture should be studied taking into account the above new functions.

3. Conclusion

In this contribution, we leverage the mapping analysis between NR KPIs and use cases provided in [1] to assess which UP functions are needed for each use case, and the resulting associated requirement for stack flexibility. We also propose new functions expected to address the NR requirements even in non-ideal fronthaul configurations while leveraging NR architecture. We conclude with the below proposals:

Proposal 1: The UP protocol stack should provide high flexibility in allowing functions to be optional when configuring a service.

Proposal 2: All UP functions could be configured as optional in the stack except most basic ones: RACH, scheduling, DRX, sequence numbering.

Proposal 3: In support of non ideal fronthaul, it is proposed to study multi-connectivity handling at Layer 2 including three new functionalities: 
1) centralized L2 combining; 
2) centralized ARQ; 
3) centralized one level reordering. 
Proposal 4: Some new UP functions should be analyzed for NR, including at least, multi-connectivity handling and autonomous transmission.  
Proposal 5: Potential new protocol stack architecture should be studied taking into account the above new functions.
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� Depends also on RAN1 waveform design
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