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1   Introduction
Last RAN2#95bis meeting made the following agreements regarding concatenation function in NR [1]
· RAN2 should consider both the processing of both the transmitter and the receiver when evaluating whether to divert from the LTE-baseline

=>
RAN2 aim to make a final decision at the next meeting.

=>
Proponents of solutions to next meeting must identify the what issues (e.g. easing implementation aspects, overhead, etc) are being addressed by their proposals.
Also the segmentation function in NR was agreed as follows. 
· In NR, the segmentation function is only placed in the RLC layer as in LTE

In this contribution, we further analyse the concatenation function, in particular, to enable some pre-processing in implementation for RLC PDU construction, and conclude that the concatenation should remain at RLC layer.
2   Issues related to concatenation function
As indicated in [2], the legacy LTE operation may be limited by its pre-processing. That is, the RLC and MAC could not generate its PDUs before the LCP is performed based on UL grant. Hence, some companies propose to remove concatenation function from RLC to make the pre-processing possible. The following gives further analysis from three aspects: NR PHY frame structure impact, problems incurred when removing concatenation from RLC layer, and potential mechanisms to allow pre-processing in implementation. 
2.2   Impact of PHY frame structure on L2 structure
RAN1 is studying the numerology to support diverse services with different requirements, e.g., in terms of latency, reliability and throughput etc in a single carrier. Each numerology could have its own subcarrier spacing (SCS). In one carrier, it was agreed that multiple numerologies could be time-domain multiplexed and frequency-domain multiplexed. As given in Fig.2, in TDM, the RB grid structure applies i.e. RBs for different numerologies are located on a fixed grid relative to each other. 
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Fig. 1 TDM multiplexing
Hence from RAN2 perspective, the frame structure would be designed flexibly enough to allow the different service multiplexing. And there is no need to transmit all services over the numerology with short TTI. 
Observation 1: L1 frame structure could allow TDM/FDM numerology multiplexing and dynamic eMBB/URLLC multiplexing in a single carrier. And there is no need to transmit all services over the numerology with short TTI duration. 
Furthermore, RAN1 has been working diligently to balance the latency and overhead in transmitting data:  
· Mini-slots with short durations are used for URLLC like latency-sensitive services, at the cost of more control signaling; and 
· Slot aggregation could be used for eMBB service with large volume of traffic, at peak data rate with a single control message.
Observation 2: Shorter TTI is typically for smaller TB size, while peak data rate is accomplished by sending larger TB in longer TTI.

Observation 3: Minimizing overhead, even when high data rate is used, is still an important performance goal in NR. 
Proposal 1: L2 protocol design should target at typical use cases, and not inadvertently compromise the overall system performance. 
2.3   Issues in removing concatenation function from RLC
· Pre-forwarding RLC PDU to MAC
RLC control PDU and retransmitted RLC data PDU should be prioritized over new RLC PDUs. And as discussed in [3], the polling operation supported by ARQ RLC depends on the actual transmitted data size for the PollPDU based, PollByte based triggering mechanisms. Furthermore, before LCP procedure is done. MAC may not know how many RLC PDUs to be multiplexed.
Observation 4: The feasibility and benefit of pre-forwarding RLC PDU to MAC is not clear.
· ARQ processing and RLC SN size
ARQ would be performed for each PDCP PDU rather than concatenated multiple PDCP PDUs. This would results at increased ARQ processing both at the transmitter and receiver. Also the header overhead would be increased and more RLC SN space would be needed. 
· MAC Overhead
Additional MAC sub-headers (L-field) would be needed, and each of them corresponds to a RLC PDU.
Observation 5: There will be increased overhead in processing for ARQ operation and in RLC/MAC header sizes by removing RLC concatenation.
2.4   Pre-processing with concatenation at RLC
The pre-processing and pre-computation can be performed in advance for RLC PDU, even if concatenation function remains at RLC layer. For example, UE can concatenate several PDCP PDUs to generate a RLC PDU of certain size. Upon receiving UL grant, the last RLC PDU to be put into MAC SDU can be segmented if needed. The target size of RLC PDU can be determined by UE proprietary implementation. For example, if a UE is confident on its processing capability, no pre-construction is needed, and UE generates the RLC PDU after receiving UL grant, gaining the most performance. On the other hand, if a UE is extremely concerned with its processing capability, it can pre-generate RLC PDU for each PDCP PDU, at the cost of consuming more transmission bandwidth on RLC/MAC headers. This allows the trade-off between performance and required processing capability at UE. And it encourages the differentiation in UE products.

Observation 6:  The level of concatenation in generating RLC PDU can be one performance metrics of UE products.
In certain deployment scenarios (e.g., hotspot in high frequency band) or for certain services, network may provide guidance on the expected size of RLC PDU. This will help UE to pre-construct RLC PDU of a proper size, and to reduce the chance of segmentation. And this also helps network to manage computing and radio resources for the reception of UL transmissions. 

Observation 7:  Network may also provide guidance on the level of concatenation in a pre-constructed RLC PDU to manage computing and radio resources for the UL reception.
Proposal 2: Specification should not force sub-optimal implementation, not allowing differentiation in UE products and network implementation.
Either UE proprietary or network guided pre-construction of RLC PDU can be accomplished by allowing multiple RLC PDUs to be included in a MAC SDU of a logical channel. This can be done while keeping concatenation in RLC and addressing the need of pre-processing RLC PDU. 
Observation 8: UE proprietary or network guided pre-processing of RLC PDU can be done with RLC concatenation, by allowing multiple RLC PDUs to be included in a MAC SDU of a logical channel.
Proposal 3: RLC concatenation function should be kept, and multiple RLC PDUs may be included in a MAC SDU of a logical channel.
3   Conclusion

By analysing potential challenges of removing the concatenation function from RLC, and flexible ways of allowing pre-processing of RLC PDU, we made the following observations and proposals:

Observation 1: L1 frame structure could allow TDM/FDM numerology multiplexing and dynamic eMBB/URLLC multiplexing in a single carrier. And there is no need to transmit all services over the numerology with short TTI duration. 
Observation 2: Shorter TTI is typically for smaller TB size, while peak data rate is accomplished by sending larger TB in longer TTI.
Observation 3: Minimizing overhead, even when high data rate is used, is still an important performance goal in NR. 
Proposal 1: L2 protocol design should target at typical use cases, and not inadvertently compromise the overall system performance.
Observation 4: The feasibility and benefit of pre-forwarding RLC PDU to MAC is not clear.
Observation 5: There will be increased overhead in processing for ARQ operation and in RLC/MAC header sizes by removing RLC concatenation.
Observation 6:  The level of concatenation in generating RLC PDU can be one performance metrics of UE products. 
Observation 7:  Network may also provide guidance on the level of concatenation in a pre-constructed RLC PDU to manage computing and radio resources for the UL reception.
Proposal 2: Specification should not force sub-optimal implementation, not allowing differentiation in UE products and network implementation.
Observation 8: UE proprietary or network guided pre-processing of RLC PDU can be done with RLC concatenation, by allowing multiple RLC PDUs to be included in a MAC SDU of a logical channel.
Proposal 3: RLC concatenation function should be kept, and multiple RLC PDUs may be included in a MAC SDU of a logical channel.
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