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1 Introduction

RAN2 #94 meeting agreed that reordering and retransmission function in NR L2 should be studied as follows [1]. 
- Study whether a single packet reordering function is possible.

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

RAN2#94 also agreed that LTE L2 functions should be considered as baseline for NR. In LTE, both RLC layer and PDCP layer have reordering and retransmission functions for different purposes. In this contribution, we discuss whether the two-level reordering/retransmission functions could be merged, or should be maintained as in LTE.      

2 Discussion

2.1 Support of two-level reordering
2.1.1 Reordering in PDCP layer is required
There are two-level reordering functions in LTE as shown in figure 1. 
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Figure 1: 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). 
Observation 1: In NR, reordering in PDCP layer is required for in-sequence delivery at lower layer re-establishment, and for scenario that a PDCP entity is associated with more than one lower layer entities (e.g. RLC entities).
2.1.2 Drawbacks of only supporting PDCP reordering

If only PDCP reordering is supported in NR but without RLC reordering, there are some problems as follows.
· 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. 
· When segmentation and concatenation are performed by RLC, reordering in RLC layer is required to reassemble segments. In order to support one layer PDCP reordering while supporting segmentation at the same time, there might be two possible solutions. 
1) PDCP layer reorders all PDCP PDUs, and RLC layer only reorders RLC PDUs containing segments. 

RLC layer still needs small buffer and light processing for reordering RLC PDUs containing segments. Reordering function is divided into two parts distributed in 2 layers. If most PDUs are large which will be segmented, the requirements of buffer and processing for RLC reordering cannot be reduced much compared with the current scheme. Under this scenario, it is unnecessary to separate reordering of PDUs and PDU segments into different layers (except for multi-connectivity).   
2) PDCP layer reorders both PDUs and PDU segments, and performs reassembly of PDU segments. 
It is commonly recognized that segmentation shall be done by lower layers according to TB size. Reassembly in PDCP layers needs two prerequisites: each segment contains PDCP SN and segmentation information; PDCP could read the segmentation information of each segment. If segmentation information is added in PDCP header, then lower layers has to revise PDCP header when performing segmentation. If segmentation information is added in lower layers, e.g. RLC or MAC, then PDCP layer has to understand the headers of lower layers. How to avoid cross-layer interactions is a problem. 

· 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.
· LTE DC flow control between MeNB and SeNB relies on RLC reordering. If RLC reordering is not supported in NR, a new flow control mechanism is required for NR DC/MC. 
The above drawbacks of supporting one-level reordering in PDCP indicate that RLC layer reordering shall be kept in NR L2. 
Observation 2: Supporting reordering in RLC is beneficial for some scenarios and will not result in too much protocol redesign.
According to the above analysis and observation, a proposal about reordering is given as follows. 
Proposal 1: Reordering function should be supported both in PDCP layer and RLC layer of NR L2.
2.2 Support of two-level retransmission
Retransmission functions in LTE are distributed in MAC, RLC and PDCP layers as figure 2 depicts. 
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Figure 2: Retransmission functions in LTE
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.
Since HARQ enhancement for NR is still under discussion in RAN1 [2], this paper does not treat HARQ but mainly discuss the retransmission support in RLC and PDCP. 
2.2.1 Benefits of supporting PDCP retransmission
For lossless RB, PDCP retransmission should be performed at least during some specific periods, e.g. lower layer re-establishment or split bearer change.
Performing retransmission at PDCP may be beneficial if multi-connectivity is supported in NR based on LTE DC split bearer architecture. Figure 3 gives an example that PDCP can choose to perform retransmissions on multiple links. When a link is in trouble, PDCP entity in MeNB may adjust the retransmission from a poor link to a better link flexibly.
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Figure 3: Flexibility of PDCP retransmission
Observation 3: In NR, PDCP retransmission should be performed at least during lower layer re-establishment and split bearer change. Performing retransmission at PDCP may be beneficial if multi-connectivity is supported in NR based on LTE DC split bearer architecture.
2.2.2 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 devices (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 both in PDCP layer and RLC layer in NR. 
2.3 Configurable reordering and retransmission functions
Table 1 provides some analyses on optimal operation combinations of retransmission/reordering at PDCP and RLC layers (during the normal operation case, i.e., not considering lower layer re-establishment and split bearer change cases) under different scenarios.
Table 1 Reordering and retransmission schemes
	Network
      feature
Service 

characteristic 
	Single-connectivity
	Multi-connectivity

	
	Ideal backhaul
	Non-ideal backhaul
	Ideal backhaul
	Non-ideal backhaul

	No segmentation
	PDCP reordering/ARQ
Note 1: reduce two-level reordering processing;
	RLC reordering/ARQ
Note1: to reduce backhaul delay
	PDCP reordering/ARQ
Note 1: reduce two-level reordering processing;
Note 2: flexible retransmission on multiple links
	PDCP reordering/ARQ
Note 1: reduce two-level reordering processing; 

Note 2: flexible retransmission on multiple links
or

PDCP reordering, RLC reordering/ARQ
Note 1: reduce backhaul delay;
Note 2:reuse DC flow control

	Segmentation
	RLC reordering/ARQ
Note 1: support segmentation 
	RLC reordering/ARQ
Note 1: support segmentation 
	PDCP reordering

RLC reordering/ARQ
Note 1: reordering of MC; 

Note 2:support segmentation 
Note 3:reuse DC flow control
	PDCP reordering

RLC reordering/ARQ
Note 1: reordering of MC;

Note 2:support segmentation;
Note 3: reuse DC flow control


The analysis for non-ideal backhaul may also apply to the future support of UE relay and mesh networks with NR.

Proposal 3: Configurable reordering and retransmission functions at PDCP and RLC layers should be studied to support optimal operations under different scenarios.
2.4 Other related functions
There some other functions, e.g. duplicate detection, in-sequence delivery at lower layer re-establishment, which should be studied together with reordering or retransmission. 
Observation 5: Duplicate detection should be done in the same layer as reordering is performed.

3 Conclusion

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

Observation 1: In NR, reordering in PDCP layer is required for in-sequence delivery at lower layer re-establishment, and for scenario that a PDCP entity is associated with more than one lower layer entities (e.g. RLC entities).
Observation 2: Supporting reordering in RLC is beneficial for some scenarios and will not result in too much protocol redesign.
Observation 3: In NR, PDCP retransmission should be performed at least during lower layer re-establishment and split bearer change. Performing retransmission at PDCP may be beneficial if multi-connectivity is supported in NR based on LTE DC split bearer architecture.
Observation 4: Retransmission in RLC layer is important for efficient over-the-air transmission. 
Observation 5: Duplicate detection should be done in the same layer as reordering is performed.
Proposal 1: Reordering function should be supported both in PDCP layer and RLC layer of NR L2. 

Proposal 2: Retransmission should be supported both in PDCP layer and RLC layer in NR.
Proposal 3: Configurable reordering and retransmission functions at PDCP and RLC layers should be studied to support optimal operations under different scenarios.
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