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1. Introduction
It is expected that UEs operate in multiple-connections in future wireless communications. For interworking between new radio and LTE, it’s beneficial to use multiple connections for transmission in order to achieve ultra reliable transmission, which is one of the requirements of 5G NR. This contribution discusses various methods which could be considered for transmissions via multiple wireless links in order to improve transmission reliability.
2. Discussion
With the rapid development of wireless communication, UE could connect to multiple RATs and/or multiple transmission links in many scenarios. As a typical application, examples of the multiple link transmission for interworking between new radio and LTE are shown in Fig 1.
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Fig 1 Example of UE in multiple connections
In new radio system, requirements including high data rate, ultra reliability with very low latency are expected. It is helpful to reach the reliability requirement by transmitting redundant data in multiple wireless links.
Multi-link redundant transmission is useful at least in two main scenarios in 5G.

· For eMBB, multi-link redundant transmission means reliable data transmission in short period. It has many advantages as shown in SI of latency reduction [2] such as speeding the fast TCP slow start period. On the other hand, this method is benefit to fast and reliable transmission while UE moving among different TRPs.
· For URLLC, it is hard to meet the ultra reliability and low latency requirements in many vertical industries by LTE. Multi-link redundant transmission is a simple way to meet the rigorous requirements when UE can connect to different links.
Additionally, to avoid waste of resources, multi-link redundant transmission should be configurable and the transmission link(s) should be selectable.
In traditional multi-connection scenarios, UE may connect to several network nodes and has the capability to transmit data in different links. However the UE only transmits data flow of a radio bearer through one wireless link at a time due to the protocol design. For NR, we think that the possibility of data transmissions over multiple wireless links should be considered as a design principle in network –protocol architecture discussions.
Proposal 1: It is suggested to consider data transmissions over multiple wireless links at the same time as a design principle of network-protocol architecture discussion for NR. 
Multi-link transmission could be used both in downlink and uplink. The schematic diagrams are shown in Fig 2 and Fig 3 for downlink and uplink respectively. The transmitting side processes data and distributes the processed data to selected links. The functions of transmission side could include data replication, joint coding, and etc. The receiving side receives and processes the data from multi-link. The functions of receiving side could include data combination, redundant data detection, reordering, etc. A control unit could be used to manage the multi-link transmission, which is responsible to configure, activate/inactivate the multi-link transmission and select the appropriate transmission links.
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Fig 2  Multi-link transmission in downlink
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Fig 3  Multi-link transmission in uplink

Data transmission over multiple wireless links could be considered at a number of different protocol levels; e.g. IP PDU level, L2 level or L1 level. In order to facilitate flexible network slicing architecture in NR, data transmission over multiple links should be investigated in all possible protocol levels. This would provide a sufficient flexibility to adjust the network-protocol architecture for various future applications and services.
1) IP PDU level 
Some network technologies such as network coding can be used while transmitting IP PDUs redundantly. The simplest example is that the same IP data transmit in different transmission links simultaneously. The same data is received via different transmission links at the receiver. Redundant IP PDUs discarding is required prior to forwarding the data to application layer. While network coding is used, the receiver decodes the IP flow based on inverse operation of network coding in transmitter.
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Fig 4  Example of IP PDU redundancy

2) L2 PDU level
The examples of L2 PDU redundant transmission on the assumption of L2 protocols in LTE are shown below. Depending on the RAN architecture, the L2 PDU redundant transmission may be implemented as PDCP PDU redundancy, RLC PDU redundancy, or MAC PDU redundancy if PDCP, RLC or MAC protocols are considered for NR.
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a) PDCP PDU redundancy                                       (b) RLC PDU redundancy

[image: image7.emf]PHY

PDCP

RLC

MAC

PHY PHY

IP PDU

T

r

a

n

s

m

i

s

s

i

o

n  

l

i

n

k

 

1

T

r

a

n

s

m

i

s

s

i

o

n

 

l

i

n

k

 

2

T

r

a

n

s

m

i

s

s

i

o

n

 

l

i

n

k

 

3


   (c) MAC PDU redundancy
Fig 5  Examples of L2 PDU redundancy
3) L1 data level
L1 data redundancy means the same transmission block (TB) transmitting through different links. The same bit stream or different redundant version (RV) of the same TB may be transmitted in multiple links.
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Fig 6  Examples of L2 PDU redundancy

Proposal 2: It is suggested to consider data transmission over multiple wireless links with managing the multiple transmissions at different protocol levels as described in this contribution for the discussion of NR network-protocol architecture design.
3. Conclusion

This contribution discusses the redundant transmission in multiple wireless links. Transmitting data belonging to the same service via multi-link is beneficial to satisfy the ultra reliability requirement with low latency. We suggest considering the transmission over multiple wireless links as a design principle of NR network-protocol architecture discussion. And it should be configurable and the transmission link(s) should be selectable to avoid waste of resources. Possible approaches to implement the multi-link transmission are briefly discussed. The detail solutions depend on the RAN architecture of NR and the interworking between NR and other RATs.

Proposal 1: It is suggested to consider data transmissions over multiple wireless links at the same time as a design principle of network-protocol architecture discussion for NR. 
Proposal 2: It is suggested to consider data transmission over multiple wireless links with managing the multiple transmissions at different protocol levels as described in this contribution for the discussion of NR network-protocol architecture design.
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