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1 Introduction

RAN2 #95 meeting agreed to study reordering aspects as follows [1]:
Identify the impacts of reordering at RLC compared to reordering only at PDCP. Impacts considered should at least look at ease and delay of deciphering and delay, reassembling function, ARQ operation. Different use cases should be analysed including DC ideal and no ideal back haul, and other use cases for NR.
In this contribution, we analyse reordering only at PDCP, by comparing it with current reordering scheme in LTE. In addition, retransmission function is also discussed.      

2 Discussion

2.1 Reordering
There are two-level reordering functions in LTE. Without configuring split bearers and LWA bearer, reordering function is mainly provided by RLC. RLC reorders PDUs received out of sequence and reassemble segments into SDUs for UM and AM mode. PDCP only needs to provide in-sequence delivery at re-establishment of lower layers for DRB mapped on RLC AM. For supporting DC and LWA, reordering function is always used in PDCP layer because out-of-order data from split bearers or LWA bearer would be received at PDCP layer. That means reordering function of PDCP layer is always required when a PDCP entity is associated with more than one low layer entities (e.g. RLC entities). 
2.1.1 Advantages of reordering only at PDCP
The benefits claimed for reordering data only at PDCP layer not in RLC layer are mainly on reducing deciphering latency, and on reducing reordering latency for URLLC under DC/MC. Deciphering latency is mainly determined by the implementation in the receiver, as it has been pointed out by several companies that there are implementation approaches that would not suffer deciphering delay when reordering is performed at RLC.

Observation 1: Deciphering latency is mainly determined by the implementation in the receiver, and there are implementation approaches that would not suffer deciphering delay when reordering is performed at RLC. 

URLLC is only one use case, among many others, that NR should support. Furthermore, the reason that RLC UM is not supported in DC/MC architecture, is not due to RLC problems. On the contrary, it is due to the difficulties of supporting reordering at PDCP together with ROHC operation. Hence, reordering latency for URLLC can be reduced with existing RLC functionality, by allowing RLC UM in DC/MC. 
Observation 2: URLLC is only one use case, among many others, that NR should support. And reordering latency for URLLC can be reduced with existing RLC functionality, by supporting RLC UM in DC/MC.
2.1.2 Drawbacks of reordering only at PDCP
If only PDCP reordering is supported in NR but without RLC reordering, there are some problems as follows.
· ARQ related aspects
RLC layer maintains a receiving window and t-reordering timer to detect lost PDUs and perform ARQ. Disabling RLC reordering would mean that some protocol redesign is required for RLC layer to support ARQ. If there is non-ideal backhaul between the entity hosting PDCP and the entity hosting RLC, larger t-reordering timer and receiving window are needed to support reordering at PDCP when DC/MC is not enabled.
· Segmentation related aspects 
When segmentation and concatenation are performed by RLC, reordering in RLC layer is required to reassemble RLC PDU segments.
If PDCP layer reorders both PDUs and PDU segments, and performs reassembly of PDU segments, then segmentation needs to be performed at PDCP. As segmentation should be done according to TB size, this will require PDCP operation to be done in real time when a UL grant is received. 
· LTE-NR tight interworking　
For LTE-NR tight interworking anchored at LTE eNB, LTE PDCP has to work with both LTE RLC and NR RLC. In LTE DC, RLC is regulated to work at AM mode. If protocol design of LTE DC is still used in LTE-NR tight interworking, then NR RLC should behave in AM-like ways which provides reordering and retransmission functions. That is to say in order to keep LTE PDCP unchanged under tight interworking, NR RLC should support LTE RLC functions as baseline.
In LTE DC, SeNB sends feedback to MeNB for flow control. The feedback includes the highest PDCP PDU sequence number successfully delivered in sequence to the UE among those PDCP PDUs received from the MeNB. RLC reordering and ARQ assures that SeNB knows the highest PDCP PDU SN number successfully delivered. 
The above drawbacks of supporting one-level reordering in PDCP indicate that RLC layer reordering shall be kept in NR L2. 
Observation 3: Lack of reordering in RLC can cause severe problems in many NR use cases. 
According to the above analysis and observation, a proposal about reordering is given as follows. 
Proposal 1: Reordering function should be supported in RLC layer. 
2.2 Retransmission
Retransmission functions in LTE are distributed in MAC, RLC and PDCP layers. HARQ in MAC performs fast retransmission. ARQ in RLC improves reliability. As RLC AM entity is re-established or released during handover or split bearer change, PDCP PDUs without being acknowledged by receiving side of RLC entity will be retransmitted by PDCP entity.
2.2.1 Drawbacks of only supporting PDCP retransmission without RLC retransmission
There are several drawbacks of supporting retransmission only in PDCP layer but not in RLC layer. 

· PDCP retransmits complete PDCP PDUs which may be divided into several segments in RLC layer. If retransmission in RLC layer is not supported, one lost segment will result in the retransmission of the whole PDCP PDU. It is inefficient when transmitting large PDCP PDUs.
· As stated in the above section, in order to reuse LTE PDCP when LTE-NR tight interworking anchored at LTE, NR RLC layer should support LTE RLC functions including retransmission. 
· PDCP and RLC are probably located in different entities (e.g. PDCP in MeNB, RLC in SeNB; or PDCP in CU, RLC in DU). If links between PDCP entity and RLC entities are non-ideal, PDCP retransmission will incur more latency. The following figure 4(a) and figure 4(b) depict retransmission in RLC layer and PDCP layer respectively. As can be seen, the non-ideal link between sender PDCP and sender RLC incurs extra delay during the retransmission process. 
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Figure 4: Latency analysis of RLC and PDCP retransmission
RLC retransmission could overcome the drawbacks of PDCP retransmission mentioned above. 
· RLC only retransmits lost segments rather than the whole packet, which is more efficient in resource utilization.

· RLC ARQ delay will not be influenced by non-ideal backhauls. 
· RLC ARQ could interact with HARQ in order to get feedback more quickly.   
Observation 4: Retransmission in RLC layer is important for efficient over-the-air transmission. 
Based on the above discussion on retransmission, a proposal is given.
Proposal 2: Retransmission should be supported in RLC layer in NR. 
3 Conclusion

In this paper, we analysed reordering and retransmission functions for NR L2 design. The detailed observations and proposals are:

Observation 1: Deciphering latency is mainly determined by the implementation in the receiver, and there are implementation approaches that would not suffer deciphering delay when reordering is performed at RLC.
Observation 2: URLLC is only one use case, among many others, that NR should support. And reordering latency for URLLC can be reduced with existing RLC functionality, by supporting RLC UM in DC/MC.
Observation 3: Lack of reordering in RLC can cause severe problems in many NR use cases.
Proposal 1: Reordering function should be supported in RLC layer.
Observation 4: Retransmission in RLC layer is important for efficient over-the-air transmission. 
Proposal 2: Retransmission should be supported in RLC layer in NR.
Proposal 3: Based on the above observations and proposals, text proposal in Annex should be captured into TR. 
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Annex
5.4 Layer 2
5.4.1
Overview of Layer 2 functions
Overall layer 2 structure comprised of order and placement of layer 2 functions for NR is the same as in LTE as illustrated in Figure 5.4.1-1.
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Figure 5.4.1-1:
Overall layer 2 structure for NR

5.4.1.1
Rationale behind adopting the LTE Layer 2 functions for NR
Editor’s note:
The reasoning why the LTE layer 2 functions are sufficient for NR as it is will be explained here.
Reordering issue
Most arguments on NR L2 reordering is whether RLC layer reordering can be removed, i.e. reordering only at PDCP. 
· Reordering in RLC layer and PDCP layer are designed for different purposes. LTE layer 2 works well and there are not any strong motivations to change the protocol architecture. 

· If reordering is not supported in RLC layer, other functions like segmentation and ARQ will be impacted, and no proper solutions (ARQ without reordering, segmentation without reordering) are given so far. 
· If reordering is not supported in RLC layer, LTE-NR aggregation anchored at LTE eNB needs to change, as SeNB is not able to report the highest PDCP PDU sequence number successfully delivered in sequence to the UE among those PDCP PDUs received from the MeNB. 
· Reordering function in RLC layer can simply be disabled when it is not required. Therefore, problems brought by two-level reordering can be easily solved.  
Considering the above reasons, reordering function in RLC layer is recommended to be kept as in LTE. 
Retransmission issue
Although enhanced HARQ could improve reliability, ARQ is still needed for correcting residual errors in order to provide ultra-reliable services. 
· ARQ in RLC layer retransmits segments, which could utilize resources more efficiently when packet size is large.
· RLC ARQ delay will not be influenced by non-ideal backhauls. 
· RLC ARQ could interact with HARQ in order to get feedback more quickly. 
Considering the above reasons, ARQ in RLC layer is recommended to be kept as in LTE. 
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