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1. Introduction
In RAN2#94 meeting, some preliminary agreements regarding to the NR UP stack were reached.
Agreements
1
LTE L2 functions are considered as a baseline for NR. Order, allocation to sublayers, possible merger of functions needs to be considered on a case by case basis.
Agreements:
1 
Study whether a single packet reordering function is possible
2
Study whether segmentation function can be configured (enabled/disabled) to support different services
3
Study whether concatenation function can be moved to lowest L2 sublayer. 
4
Study whether retransmission of PDU segments can be removed (i.e. only complete PDU level retransmission)
In this contribution, we propose a generic UP stack aiming at addressing all above study points. And then, we give our explanation on how it works under the three most relevant scenarios expected for NR: standalone single-connectivity, standalone multi-connectivity and LTE-NR tight interworking.
2. Discussion
2.1. Generic UP stack
The LTE L2 functions are shown in the following table:
                                                                Table-1: LTE L2 functions (Tx side)
	UP Protocol layer
	Functions

	PDCP
	Bearer mapping (EPS bearer-> radio bearer)

	
	Sequence numbering

	
	Header compression

	
	Security

	
	Routing

	RLC
	Sequence numbering

	
	Segmentation

	
	Concatenation

	
	ARQ

	MAC
	Scheduling

	
	Multiplexing

	
	HARQ


When using the existing LTE L2 functions as baseline of NR L2 functions, it should be studied whether there is any enhancement needed to the stack. In our opinion, the following enhancements can be considered:
1) Bearer mapping
In current SA2 discussion, one option being discussed is to use flow-based traffic to replace the EPS bearer, but there is no final conclusion. Irrespective on the SA2 decision, a common ground in RAN2 seems to be that radio bearers should be used in RAN. Hence CN traffic to RAN bearer mapping function should be studied as part of the NR L2 function. This function aims at mapping the CN traffic (flow or bearer-based) onto radio bearers (and vice-versa).
Proposal 1: A L2 function aiming at mapping the CN traffic (flow or bearer-based) onto radio bearers (and vice-versa), should be supported in NR. 
2) Sequence numbering
According to the above table, it can be seen that there are two-layers SN, one is at PDCP layer and the other is at RLC layer. There are some shortages of supporting two-layers SN:
· Two-layers SN will increase the header overhead especially for the small data packet, e.g., packets of URLLC and mMTC services. More details on the header design are given in [1].
· Two-layers SN are not convenient for SN extension. When SN needs to be extended, it should be discussed how to extend the PDCP and RLC SN individually as discussed in CA enhancement WID.
Hence we propose to simplify the SN design, with single-layer SN only. Considering security and header compression need SN, then the single-layer SN should be assigned in the upper L2 layer (Figure 1).
Proposal 2: Single-layer SN should be supported in NR.
3) Segmentation and concatenation
In LTE, the format of a MAC PDU reflects the tight encapsulation of two sub-layers involving two levels of headers, namely MAC sub-headers and RLC headers. MAC multiplexes MAC control elements and MAC SDUs, but the latter generally constitute the majority of multiplexed elements in a MAC PDU. In the case of MAC SDUs, both RLC and MAC (sub)headers carry information about the same data field, although located in different headers and at different locations in the MAC PDU. As a result it prevents from fully optimizing the Tx implementation in the UE. Similarly, RLC concatenation and MAC multiplexing although defined in different sub-layers result in the very same function implementation-wise. For the above reasons, we think if RLC concatenation/MAC multiplexing can be merged into one L2 sublayer with common header this could leave room for further implementation optimization allowing reducing the processing complexities, and as a result latency. 
Proposal 3: Segmentation and concatenation should be sunk into the Lower L2 along with multiplexing in NR.
Besides the above enhancements on the current LTE L2 functions, there are also some new functions that can be considered in NR, as listed below:
1) Bearer duplication
In the last RAN2 meetings, some solutions are proposed to provide high reliable transmission for RRC message and URLLC user data, e.g. RRC diversity and multi-link transmission. Both solutions suggest transmitting the copies of the same packet through different nodes when UE connects to more than one node. To support this feature the highest UP layer should be enhanced to support the functionality of bearer duplication. 
Proposal 4: In order to provide high reliable transmission for both RRC message and URLLC user data, NR should support bearer duplication as new L2 function.
2) Configurable ARQ
In legacy DC system, only RLC ARQ is supported and PDCP retransmission across nodes is only allowed when split bearer is reconfigured as MCG bearer. But in NR, considering the transmission characteristics on the high frequency (e.g. mmW), the data transmission may be blocked in seconds due to the showing in high-frequency band. Upper L2 ARQ across different legs should be supported which enables the data retransmission across different legs. It can solve the high frequency specific broken leg issue. The benefits of a central ARQ scheme are further elaborated in [1].
Although the main motivation of introducing upper L2 ARQ is to solve the broken leg issue in case of multi-connectivity, once it is introduced, it can also be used for retransmission in a single-leg configuration. If it can be used for one leg, the function is somehow duplicated with the lower L2 ARQ, thus if the central ARQ is configured, the lower L2 ARQ can be de-configured.
Proposal 5: In order to solve the broken leg issue in multi-connectivity, NR should support a new ARQ function in upper L2.
Proposal 6: Once the upper L2 ARQ is configured, the lower L2 ARQ can be disabled.
According to the above analysis, considering the functions of RLC have been moved to MAC layer in NR, the standalone NR UP protocol stack can be modeled as Figure 1. And the mapping between the NR L2 functions and protocol layers is shown in Table-2.

[image: image1.emf]Upper L2

Lower L2

NR PHY

NR BS UE

Uu

Upper L2

Lower L2

NR PHY


Figure 1: Standalone NR UP protocol stack
Table-2: NR L2 functions (Tx side)
	UP Protocol layer
	Functions

	Upper L2
	Bearer mapping(EPS bearer /traffic flow -> radio bearer)

	
	Sequence numbering

	
	Header compression

	
	Security

	
	Upper L2 ARQ 

	
	Bearer duplication

	
	Routing

	Lower L2
	Lower L2 ARQ

	
	Scheduling

	
	Segmentation/concatenation/multiplexing


2.2. Using the generic UP stack in different scenarios
There are three relevant scenarios which the generic UP stack can be used for: standalone single-connectivity, standalone multi-connectivity and LTE-NR tight interworking. In this section, we illustrate how to use the generic UP stack in these three scenarios. Since the Rx processing is corresponding to the Tx operations, thus in this section, only the Tx side is discussed.
· Scenario 1: standalone single-connectivity NR
The Tx processing of standalone single-connectivity NR is shown in Figure 2. 
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Figure 2: Tx processing of single-connectivity NR 
Considering there is only one level of SN, the SN will be assigned in upper L2 and carried in the subheader of the lower L2 SDU. Some considerations on the header design are provided in [1].
Although the NR UP protocol stack supports two-layer ARQ, considering this scenario is single-connectivity, it is unnecessary to configure both and only lower L2 ARQ is sufficient as it can provide a better ARQ latency performance when the upper L2 lies on CU and lower L2 lies on DU with non-ideal fronthaul in between.
· Scenario 2: standalone multi-connectivity NR
The Tx processing of standalone multi-connectivity NR for DL and UL are shown in Figure 3. 
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Figure 3: Tx processing of standalone multiple-connectivity NR
In this scenario, the usage of single SN is the same as for the standalone single-connectivity.
As discussed in section 2.1, in this scenario, only the upper layer ARQ should be configured and the lower L2 ARQ can be disabled. More details on the usage of the stack in this scenario are provided in [1].
As shown in Figure 3, when ARQ is configured in the upper L2, we propose supporting PDU segmentation for ARQ retransmissions. As further discussed in [1], this allows maximizing the spectral efficiency for central ARQ retransmissions and optimizing the associated latency.
Proposal 7: Support of PDU segmentation in upper L2 for central ARQ retransmissions should be studied for NR.
· Scenario 3: LTE-NR interworking 
Since it has been agreed that both split bearer (3C) and direct routing (1A) should be studied for LTE-NR tight interworking and either LTE or NR can work as master, this section analyzes the LTE-NR interworking further based on our proposed L2 UP protocol stack.
· LTE-NR interworking architecture 1A
The LTE-NR interworking architecture 1A with the above proposed NR UP protocol stack is shown in Figure 4:
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Figure 4: UP architecture of LTE-NR interworking architecture 1A
For this architecture, since the traffic data is received from CN directly for both the MeNB and SeNB, the internal UP packet processing either for the LTE eNB or NR BS is the same as the standalone case so the mapping of the NR UP protocol stack onto this architecture is straightforward.
· LTE-NR interworking architecture 3C
The LTE-NR interworking architecture 3C with the above proposed NR UP protocol stack is shown in Figure 5:
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 Figure 5: UP architecture of LTE-NR interworking architecture 3C
For LTE-NR interworking, one approach is to target minimum upgrade on the LTE eNB. This yields the following comments:

· NR upper and lower L2 should be able to interface with LTE RLC and PDCP respectively
· Configuring ARQ in lower L2 is the simplest approach in that case as it is the same placement as in LTE  
· The above requirement still allows using a single SN in the NR stack
· Potential upgrades to LTE RLC and PDCP for ease of interfacing with NR stack should not be precluded
· The performance will be impacted due to the following reasons:
· As discussed in the standalone multi-connectivity scenario, there may be abrupt and potentially long periods of data interruption in the NR leg when it is configured to operate in high frequency band (broken leg issue).
· It does not support appropriately all the three NR use cases. For example, for URLLC, in order to improve the latency and reliability, packet retransmission on PDCP layer may be needed in case of LTE works as MeNB.
Hence in order to address the above issues, the following enhancements should be considered:
1) Central ARQ
Considering the blockage and deafness characteristics in high-frequency band, in order to solve the associated transmission interruption issue, central ARQ which can support retransmission across MeNB and SeNB should be considered.
Proposal 8: In order to solve the blockage and deafness issue of high frequency, central ARQ on the layer performing the bearer split should be considered for LTE-NR interworking architecture 3C.
2) Bearer duplication
Similar to the standalone multi-connectivity scenario, bearer duplication should be supported where the duplicated packets can be transmitted over both the eLTE eNB and NR BS to provide high reliable transmission for RRC message and URLLC user data, e.g. RRC diversity and multi-link transmission. To support this feature in case of LTE-NR interworking architecture 3C, the highest UP layer of MeNB should be enhanced to support the functionality of bearer duplication.
Proposal 9: In order to provide high reliable transmission for both RRC message and URLLC user data, the highest UP layer of MeNB should support the functionality of bearer duplication in case of LTE-NR interworking architecture 3C.
Based on the above analysis on LTE-NR interworking 1A and 3C, one common L2 architecture for LTE-NR interworking 1A and 3C is shown in the following Figures:
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(a)  LTE/eLTE eNB as MeNB and NR BS as SeNB
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(b) NR BS as MeNB and LTE/eLTE eNB as SeNB
Figure 6: Layer 2 Structure for DL with CA and LTE-NR interworking configured
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(b) NR BS as MeNB and LTE/eLTE eNB as SeNB
Figure 7: Layer 2 Structure for UL with CA and LTE-NR interworking configured
Proposal 8: It is proposed to adopt the above Figure 6and Figure 7 as the DL/UL L2 architecture for LTE-NR interworking.
3. Conclusion

In this contribution, we proposed a generic and unified U-plane protocol stack for NR, as depicted in  REF _Ref458089549 \h  \* MERGEFORMAT 
 and it is proposed:
Proposal 1: A L2 function aiming at mapping the CN traffic (flow or bearer-based) onto radio bearers (and vice-versa), should be supported in NR. 
Proposal 2: Single-layer SN should be supported in NR.
Proposal 3: Segmentation and concatenation should be sunk into the real-time scheduling layer in NR.
Proposal 4: In order to provide high reliable transmission for both RRC message and URLLC user data, NR should support bearer duplication as new L2 function.
Proposal 5: In order to solve the broken leg issue in multi-connectivity, NR should support a new ARQ function in upper L2.

Proposal 6: Once the upper L2 ARQ is configured, the lower L2 ARQ can be disabled.
Proposal 7: Support of PDU segmentation in upper L2 for central ARQ retransmissions should be studied for NR.
Proposal 8: It is proposed to adopt the above Figure 6 and Figure 7 as the DL/UL L2 architecture for LTE-NR interworking.
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