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1 Introduction

The email discussion for the concatenation function in NR “[95#26] Concatenation” has been arranged after RAN2#95 and lots of views have been shared by companies during the email discussion.
The intention of this contribution is to give some further consideration on the concatenation function in NR.
2 Consideration on pre-concatenation in RLC
Concatenation function in LTE
In LTE, in order to generate the RLC PDU according to the size determined by LCP function, the concatenation function will be used in RLC entity to combine multiple RLC SDUs (i.e. PDCP PDU) into one RLC PDU. Once the RLC PDUs from the same or different logical channels are received by MAC entity, the multiplexing function will be used by MAC to multiplex RLC PDUs into one MAC PDU.  In addition, for a particular transmission opportunity, it is still possible for one RLC entity to delivery multiple RLC PDUs to MAC entity and it is up to MAC to multiplex these RLC PDUs from one RLC into one MAC PDU.
Observation 1: In LTE, the concatenation function refers to a logical channel level operation that RLC entity combines multiple RLC SDUs from the same logical channel into one PDU. And the multiplexing function refers to the operation that MAC entity multiplexes multiple RLC PDUs from the same or different RLC into one MAC PDU.
The limitation of concatenation in LTE
According to the LTE UP protocols, the concatenation should be made based on the output of LCP (logical channel prioritization), which means the concatenation should be considered as part of the real time operation, which has a very strict requirement on the processing delay.

In NR, The downlink peak data rate of NR is 20Gbps, if we assume that the UE will be scheduled every 1ms, then the data bits transferred in one TTI will be 20Gbit/1000 = 20Mbit. Assuming the PDCP SDU size  (e.g. IP packet size)  is 64K bits, then the number of PDCP SDUs that will be transferred in one TTI is: 20M bit /64K bit =  321.5 (ignoring PDUs header size), which means 321 PDCP PDUs are required to be concatenated within one TTI. It is a considerable challenge on the real time processing capability for both UE and NW.

Observation 2: Based on the current LTE design, the RLC entities will be required to concatenate hundreds of RLC SDUs based on the output of LCP within one TTI, which is a considerable challenge on the real time processing capability for both UE and NW.

Pre-concatenation in RLC

In order to reduce number of packets which need to be concatenated in the real time operation, one potential solution is to introduce the pre-concatenation operation in RLC. In the pre-concatenation solution, the RLC PDU can be generated before the output of LCP has received, based on the semi-static configuration from MAC or the experienced value learned by the RLC itself (e.g. based on the LCP output received before).  
Observation 3: The pre-concatenation in RLC refers to the operation that the RLC entity generates RLC PDU before the reception of LCP output. And the pre-concatenation can be implemented based on the semi-static configuration from MAC or the experienced value learned by the RLC itself.
One example for the pre-concatenation operation is illustrated as follow:
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Figure 1: Example for pre-concatenation
Based on the figure above, some description can be found as follow:
Step 1: The MAC entity may provide some pre-concatenation assistant information to RLC, which may consist of the expected RLC PDU size and pre-concatenation period (e.g. one RLC PDU should be pre-generated in each pre-concatenation time period). Whenever MAC wants to update the pre-concatenation information, MAC can send another pre-concatenation information procedure to update the assistant information. This step is optional and the RLC can also process the pre-concatenation without this information.
Step 2: RLC pre-generate the RLC PDU based on the information received from MAC or learned by itself. For example, for the RLC which intend to support 20Gbps, the RLC entity can pre-generated one RLC PDU with PDU size 20Mbis every 1ms ( or 10Mbis every 0.5s, if the estimated scheduler interval is 0.5ms).
Step 3: Once the LCP procedure is done, the MAC entity should inform RLC entity the output of LCP (i.e. how many data is allowed to be transferred for a particular transmission opportunity)
Step 4: With the output of LCP, the RLC should determine how many RLC PDUs and which RLC PDU should be delivered to MAC for transmission. For example, the RLC entity should prioritize the retransmission RLC PDU first, and if there is any grant left the pre-generated RLC PDU should be included. In addition, if there is still some grant left, one new RLC PDU should be generated to adopt the grant from LCP. Moreover, in case the grant left is not big enough for a complete RLC PDU, the segmentation should be processed to fit the grant.
Step 5: RLC deliver the RLC PDU(s) selected/generated in step 4 to MAC entity for transmission.
Impact on the protocols

Although the pre-concatenation is not fully aligned with the behaviour described in the current LTE specs, the pre-concatenation is also not forbidden by the current LTE protocol. Moreover, since the pre-concatenation operation in RLC is transparent to the RLC receiving side and the primitive between RLC and MAC has not been standardize, we think the pre-concatenation in RLC can be considered as some kind of implementation based solution and the impact on the protocols can be avoided.
Observation 4: Since the pre-concatenation operation in RLC is transparent to the RLC receiving side and the primitive between RLC and MAC has not been standardize, the pre-concatenation in RLC can be considered as some kind of implementation based solution.
Benefit of pre-concatenation in RLC

The concatenation of RLC SDU can be applied before the reception of LCP output. Most of the RLC PDU headers can be pre-computed (except for the RLC PDU segment, and new RLC PDU in case the pre-generated RLC PDU cannot satisfy the grant). With this optimisation, the requirement on the real time processing capability can be reduced.
Based on the observation 4, the pre-concatenation can be considered as some kind of implementation based solution and the impact on protocols can be avoided. 
The pre-concatenation in RLC can be used in both RLC and NR. Considering a new WI “shortened TTI and processing time for LTE” has been approved for LTE. And with this WI, the LTE is expected to support a similar shorten TTI as NR, which means the LTE will face the similar challenge as NR on the real time processing capability. In order to save the complexity in both standardization and implementation, a common solution for both LTE and NR will be preferred.
Observation 5: The following benefit of pre-concatenation in RLC can be observed:

· Reduce the requirement on the real time processing capability by allowing the pre-computing of RLC PDU header.

· Has no/limited impact on protocols, and can be processed based on implementation.

· Can be used in both LTE and NR, and a common solution in both LTE and NR can save the complexity in both standardization and implementation.

Based on all the analysis given above, considering that clear benefit can be observed by the pre-concatenation operation, we propose that the pre-concatenation operation in RLC should be considered as alternatives in the concatenation function in NR.

Proposal 1: The pre-concatenation in RLC should be considered as an alternative solution in NR, and should be studied in the SI of NR.

3 Conclusion
It is proposed that RAN2 discuss and adopt on following observations and proposals:
Concatenation function in LTE
Observation 1: In LTE, the concatenation function refers to a logical channel level operation that RLC entity combines multiple RLC SDUs from the same logical channel into one PDU. And the multiplexing function refers to the operation that MAC entity multiplexes multiple RLC PDUs from the same or different RLC into one MAC PDU.

The limitation of concatenation in LTE

Observation 2: Based on the current LTE design, the RLC entities will be required to concatenate hundreds of RLC SDUs based on the output of LCP within one TTI, which is a considerable challenge on the real time processing capability for both UE and NW.

Pre-concatenation in RLC

Observation 3: The pre-concatenation in RLC refers to the operation that the RLC entity generates RLC PDU before the reception of LCP output. And the pre-concatenation can be implemented based on the semi-static configuration from MAC or the experienced value learned by the RLC itself.

Impact on the protocols

Observation 4: Since the pre-concatenation operation in RLC is transparent to the RLC receiving side and the primitive between RLC and MAC has not been standardize, the pre-concatenation in RLC can be considered as some kind of implementation based solution.

Benefit of pre-concatenation in RLC

Observation 5: The following benefit of pre-concatenation in RLC can be observed:

· Reduce the requirement on the real time processing capability by allowing the pre-computing of RLC PDU header.

· Has no/limited impact on protocols, and can be processed based on implementation.

· Can be used in both LTE and NR, and a common solution in both LTE and NR can save the complexity in both standardization and implementation.

Conclusion

Proposal 1: The pre-concatenation in RLC should be considered as an alternative solution in NR, and should be studied in the SI of NR.
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