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1 Introduction

The working assumption has been made in RAN2#96 that “Support the No concatenation in RLC solution (R2-169092)”. Based on this working assumption, the intention of this contribution is to give some further analysis on the RLC without concatenation.

2 Consideration on the RLC without concatenation
Segmentation in RLC
In LTE, the segmentation function refers to the segmentation of RLC SDU and the re-segmentation of RLC PDU. The intention of segmentation of RLC SDU is to generate the RLC PDU according to the grant from MAC (e.g. the output of LCP function). However, based on the working assumption, the concatenation function will be removed from the NR RLC, and the RLC PDU will no longer be generated based on the grant. Instead of that, the RLC PDU can be generated before the grant has been received. Since it is not possible to know whether the segmentation of RLC SDU is needed before the generating of RLC PDU without the grant information from MAC, the segmentation for RLC SDU is not needed.
Proposal 1: The segmentation for RLC SDU (i.e. PDCP PDU) is not needed in NR.
Once the RLC PDU is generated, the RLC PDU will be stored in the buffer for transmission. In case the granted MAC PDU size is not big enough to transmit one complete RLC PDU, in order to use the radio resource in an efficient way, some kind of segmentation function is needed anyway. Since the RLC SN has already been allocated for the generated RLC PDU, it is not possible to segment the RLC PDU into two RLC PDUs with independent RLC SN. So, the segmentation for RLC PDU should be supported in RLC entity to segment one RLC PDU into RLC PDU segments. 

Proposal 2: The segmentation of RLC PDU should be supported in RLC entity to segment one RLC PDU into RLC PDU segments. 

Mapping between PDCP PDU and RLC PDU
Based on agreements made in RAN2#96, the “No concatenation in RLC solution” captured in R2-169092 should be considered as working assumption. And in the R2-169092, it has been specified that: “A PDCP SDU is in general mapped to a PDCP PDU, a RLC PDU and a MAC SDU”.  Also consideration the proposal 1, since the segmentation for RLC SDU is not needed in NR, each RLC SDU (i.e. PDCP PDU) will be encapsulated into one RLC PDU. In addition, PDCP PDU can be either the PDCP data PDU or PDCP control PDU. Since it is difficult for the RLC to distinguish the PDCP data PDU and PDCP control PDU, it proposed that, no matter the PDU is PDCP data PDU or PDCP control PDU, each PDCP PDU should be encapsulated into one RLC PDU and allocated with one RLC SN.

Proposal 3: One PDCP PDU, no matter the PDCP PDU is PDCP data PDU or PDCP control PDU, should be encapsulated into one RLC PDU and be allocated with one RLC SN.

Based on the proposal above, each RLC PDU should include a complete RLC SDU (i.e. PDCP PDU) and the RLC SN should be extended in NR. The detail length of RLC SN can be discussed later in the WI phase.
Proposal 4: In order to enable the one-to-one mapping between PDCP PDU and RLC PDU, the RLC SN need to be extended, and the length of RLC SN can be decided later in WI phase.

Generation and delivery of RLC PDU

In LTE, the RLC PDU will only be generated whenever the grant is received from MAC. However, in NR, based on the working assumption, in order to enable that “PDCP SDU can be preprocessed to MAC SDU”, the RLC PDU will be pre-generated before the grant has been received. So, one issue for discussion is when the RLC PDU should be generated. Two alternatives can be found as follow:
· Alt 1: The RLC generate the RLC PDU whenever the RLC SDU (i.e. PDCP PDU) is received.

· Alt 2: The RLC generate the RLC PDU based on the request from MAC. 
For the alternative 1, considering the PDCP may discard the RLC SDU based on the timer based mechanism, and once the RLC PDU is generated (e.g. RLC SN is allocated), the RLC PDU cannot be discarded anymore, which means generating the RLC PDU too early may disable the PDCP discard function and lead to some negative impact on the TCP throughput. 
Observation 1: Generating the RLC PDU too early may disable the PDCP discard function and lead to some negative impact on the TCP throughput.
Based on the observation 1, we think the RLC should not generate the RLC PDU too earlier and propose to adopt the alternative 2 as baseline. The RLC should generate the RLC PDU based on the request from MAC, and the request may include the overall size of RLC PDUs desired on MAC side (e.g. the overall size of the generated RLC PDU shall not exceed the desired size given by MAC). It is worth noting that MAC should try to keep the buffering time for RLC PDU in MAC as less as possible. However, it is still not clear how to save the buffering time or even whether it is possible to saving buffer time. 
Proposal 5: RLC should generate the RLC PDUs based on the request from MAC and the request may include the overall size of RLC PDUs desired on the MAC side. 
Proposal 6: MAC should try to keep the buffering time for RLC PDU in MAC as less as possible. How to achieve that is FFS.
Once the RLC PDU is generated, one issue is whether the generated RLC PDU should be delivery to MAC immediately. Or, the generated RLC PDU should be stored in RLC, and shall only be delivered to MAC whenever the actual grant is received.  Based on the “No concatenation in RLC solution captured in R2-169092, since the intention of the remove of concatenation in RLC is to enable the pre-processing of MAC SDU, we think the RLC PDU (i.e. MAC SDU) should be delivered to MAC once it is generated.

Proposal 7: Once the RLC PDU is generated, the RLC PDU should be delivered to MAC.

With the buffered pre-processed MAC SDU (i.e. RLC PDU) in MAC layer, the MAC can start delivering the MAC PDU to PHY layer immediately once the grant is determined/detected. 
In case the grant is more than the data buffered in MAC, the MAC can still initiate the data request to RLC to ask for more data in the real time operation. One example is given as follow:
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If the resources scheduled is not big enough to include one complete MAC SDU (i.e. RLC PDU), the MAC may send segmentation request to RLC to require an RLC PDU segment. One example is given as follow:
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Based on the analysis and examples given above, we given our proposal as:
Proposal 8: MAC is still allowed to initiate the “data request” or “segmentation request” procedure in the real time operation to request more RLC PDUs (i.e. MAC SDU) or require a RLC PDU segment.
3 Conclusion

It is proposed that RAN2 discuss and adopt on following observations and proposals:
Segmentation in RLC

Proposal 1: The segmentation for RLC SDU (i.e. PDCP PDU) is not needed in NR.
Proposal 2: The segmentation of RLC PDU should be supported in RLC entity to segment one RLC PDU into RLC PDU segments. 

Mapping between PDCP PDU and RLC PDU

Proposal 3: One PDCP PDU, no matter the PDCP PDU is PDCP data PDU or PDCP control PDU, should be encapsulated into one RLC PDU and be allocated with one RLC SN.

Proposal 4: In order to enable the one-to-one mapping between PDCP PDU and RLC PDU, the RLC SN need to be extended, and the length of RLC SN can be decided later in WI phase.

Generation and delivery of RLC PDU

Observation 1: Generating the RLC PDU too early may disable the PDCP discard function and lead to some negative impact on the TCP throughput.

Proposal 5: RLC should generate the RLC PDUs based on the request from MAC and the request may include the overall size of RLC PDUs desired on the MAC side. 

Proposal 6: MAC should try to keep the buffering time for RLC PDU in MAC as less as possible. How to achieve that is FFS.

Proposal 7: Once the RLC PDU is generated, the RLC PDU should be delivered to MAC.

Proposal 8: MAC is still allowed to initiate the “data request” or “segmentation request” procedure in the real time operation to request more RLC PDUs (i.e. MAC SDU) or require a RLC PDU segment.
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