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1 Introduction

In RAN2#94, U-plane aspects for NR were widely discussed. To narrow the scope down to several functions as an initial stage, RAN2 made following agreements [1]:

	1. Study whether a single packet reordering function is possible

2. Study whether segmentation function can be configured (enabled/disabled) to support different services

3. Study whether concatenation function can be moved to the lowest L2 sublayer. 

4. Study whether retransmission of PDU segments can be removed (i.e. only complete PDU level retransmission)


This contribution provides considerations on NR user plane protocol design. We examined the purpose and the necessity of above 4 functions in NR user plane protocol design based on LTE user plane protocol stack.
2 Rationale
It has been about 10 years since LTE standardization and its related product commercialization was completed. During this period, there has been no noticeable problem in LTE user plane protocol, which has proven to be able to realize relatively high performance communication. They are also well tested and provide a great flexibility. For instance, the design of MAC has allowed to efficiently handle any type of devices of the transport block. This has been achieved by keeping an approach that MAC concentrates on the functions for optimally utilizing PHY while RLC is mainly in charge of packet handling functions. RLC has also allowed the handling of different services with different requirements. By providing different operation modes, RLC provides flexible and well-coherent mechanisms that have been proven to be simple and efficient in commercial implementations. PDCP has also evolved to support many other scenarios with flexibility, e.g. dual connectivity, LWA, etc. 
Based on this, we can see that all or most of the functionality provided by LTE user plane protocol may be needed in NR considering that RAN aims at striving for flexibility to support current and future requirements for wide range of services as captured in the requirements for next generation technologies [2]. Keeping and re-using LTE user plane functions in NR can provide great synergies and advantages since it will certainly minimize both the implementation as well as the testing efforts, and it will facilitate a tight integration with LTE as described in [3]. Note that this does not mean that the individual protocol functions should be re-used and identical, i.e. this will be dependent on further discussion.
We all have to acknowledge that improvements may be needed to better cope with new challenges and problems for NR, i.e. some of current LTE functions might require adjustments in order to satisfy the requirements of the new scenarios for NR. However, we should keep in mind that some improvements are not free of impacting other areas. For example, lower latency may cause less reliability. In this contribution, we give the motivation why we should keep or change each function, which needs to be discussed according to the above agreements. 
2.1 Reordering function
The reordering function needs to be implemented in the receiver side in order to make the packets received out-of-order to be in-order. In LTE, it is performed at both RLC level and PDCP level according to specific purpose. PDCP secures in-sequence delivery to higher layers, which is inevitable if multiple transmission paths are configured such as CA, DC, and LWA due to the different radio and backhaul characteristics. In RLC, the reordering function is also essential since the delivered PDUs from MAC may be out of sequence due to independent multiple HARQ processes. As described in Section 2, LTE user plane functions have evolved to support many other scenarios with flexibility. Regarding tight LTE-NR integration, and other possible scenarios for NR, the dual reordering function seems flexible, future-proof, and scenario-agnostic enough to support them, which doesn’t cause any critical problem. 
Proposal 1: The dual reordering should be considered as a baseline for NR. 

With quite reasonable examples, one can argue that the current reordering function needs to be optimized in order to achieve less processing, less overhead, and less buffer requirement. We also agree to such a view. However, such examples may be scenario-dependent and inflexible. If we try to adopt different options from the current dual reordering function, we need to first clarify whether they achieve real gains keeping flexibility or not.
Proposal 2: The different options, e.g. single reordering need to be further studied to evaluate their real gains, flexibility, and scenario-independency. 

2.2 RLC segmentation function
The RLC segmentation is useful to efficiently utilize the resource by segmenting packets from upper layer to fit in smaller MAC SDUs. In DL, the eNB scheduler can decide available resource for each logical channel and utilize it for best efficiency. In UL, RLC in the terminal does segmentation to prevent it from wasting the allowable resource after receiving UL grant and performing LCP procedure. The fluctuation of UL grant depends on channel condition and QoS scheduling at eNB side, which will be the same for many scenarios in NR. To guarantee best efficiency for resource utilization, RLC segmentation needs to be supported in NR. As for processing overhead and latency caused by segmentation, further study and analysis should be required to check whether it really matters or not. 
Proposal 3: RLC segmentation needs to be supported in NR. Its processing overhead and latency should be studied further.

2.3 RLC concatenation function
The concatenation makes it possible to efficiently utilize the resource by concatenating packets into a transmission unit. However, the concatenation procedure in LTE is actually implemented two times by concatenating RLC SDUs into one RLC PDU in RLC layer and by multiplexing RLC PDUs into one MAC PDU in MAC layer. In addition to this, the concatenation requires input from MAC layer scheduling, i.e. it needs to interact with MAC to construct RLC PDU for each UL grant. To avoid having these duplicate functions in NR user plane protocol stack and the necessity of just-in-time knowledge of available resource for each logical channel, the concatenation can be removed in RLC and multiplexing can replace it in MAC, i.e. removing concatenation in RLC seems possible without functional problems. 
Proposal 4: The concatenation can be removed in RLC and multiplexing can replace it in MAC.
2.4 Retransmission function
In LTE, the retransmission is performed in both RLC and PDCP as they serve different purposes. RLC retransmits PDCP PDU segment which is lost in the transmission while PDCP retransmits PDCP PDUs which are lost in handover, RRC connection re-establishment, and data recovery for split bearer of DC. PDCP retransmission also compensates RLC retransmission, i.e. PDCP retransmission is performed to support lossless operation if RLC retransmission fails or is not feasible. In this way, transmission errors are recovered by HARQ rapidly, RLC ARQ with reliable feedback, and PDCP ARQ for some specific cases to ensure stable protocol operation in LTE. As described in Section 2, LTE user plane functions have evolved to support many other scenarios with flexibility. Regarding tight LTE-NR integration, and other possible scenarios for NR, the dual retransmission function seems flexible, future-proof, and scenario-agnostic enough to support them, which doesn’t cause any critical problem. 

Proposal 5: The dual retransmission should be considered as a baseline for NR.
To achieve less processing and less latency in NR, different options, e.g. single retransmission may need to be considered. Generally, RLC retransmission depends on HARQ performance which is closely related to physical layer design. It might be unnecessary if the HARQ performance is good enough. In this case, current dual reordering also provides flexibility, i.e. RLC UM can be used instead. Moreover, RAN1 have not yet concluded on HARQ aspects as far as we know. Thus, the motivation for adopting different options needs to be first clarified with reasonable analysis under many other scenarios for NR.
Proposal 6: The different options, e.g. single retransmission need to be further studied to evaluate their real gains, flexibility, and scenario-independency. 

3 Conclusion

In this contribution, we provide our views on four user plane protocol functions and ask RAN2 to discuss the following proposals:
Proposal 1: The dual reordering should be considered as a baseline for NR. 

Proposal 2: The different options, e.g. single reordering need to be further studied to evaluate their real gains, flexibility, and scenario-independency. 

Proposal 3: RLC segmentation needs to be supported in NR. Its processing overhead and latency should be studied further.

Proposal 4: The concatenation can be removed in RLC and multiplexing can replace it in MAC.
Proposal 5: The dual retransmission should be considered as a baseline for NR.

Proposal 6: The different options, e.g. single retransmission need to be further studied to evaluate their real gains, flexibility, and scenario-independency. 
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