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1.	Introduction
In RAN2#96, RAN2 agreed that 
3: 	Multi-connectivity (e.g. with packet duplication, link selection) should be studied for achieving the reliability requirements for URLLC. 

Although it was agreed in RANP#74 that multi-connectivity with more than two nodes wouldn’t be studied in Phase 1 [RP-162574], packet duplication could be used for Dual Connectivity (DC) and CA. Thus, it would be good to understand how packet duplication is performed.
In this contribution, we look into the details of packet duplication.
2.	Discussion
In LTE, reliability of data transmission is guaranteed by ARQ/HARQ in Layer2 and Adaptive Modulation and Coding (AMC) in Layer1 while latency generally relies on eNB scheduling. 
Recently, in LTE/NR, latency reduction gets more interest in order to support urgent data transmission such as URLLC. In our understanding, packet duplication is to achieve reduced latency while not sacrificing reliability in data transmission. Compared to shortened TTI, which could offer similar benefits, packet duplication seems to be easily realized by limited effort in layer2. However, the details of packet duplication has not yet been discussed. Thus, we will discuss in this contribution which layer performs packet duplication and how to configure packet duplication

2.1 Which layer performs packet duplication?
Having in mind that packet duplication could be used for both of CA and DC in NR, we will see which layer would be the best place to perform packet duplication. There could be three options, which are (1) packet duplication in PDCP, (2) packet duplication in RLC, and (3) packet duplication in MAC. The details are described in the Table 1 

Table 1 Comparison of packet duplication in PDCP, RLC, and MAC
	Duplication in
	PDCP
	RLC
	MAC

	Description
	· PDCP entity duplicates a PDCP SDU, and possibly a PDCP control PDU.
	· RLC entity duplicates an RLC SDU, and possibly an RLC control PDU.
	· MAC entity duplicates a MAC SDU, and possibly a MAC control element.

	Remark
	· In DC, duplicated PDCP packets can be distributed over MeNB link and SeNB link.
· MAC may not be able to know whether the received MAC SDU includes duplicated PDCP packet or not, thus, MAC may multiplex duplicated PDCP packets into one MAC PDU.
	· In DC, duplicated RLC packets can only be transmitted over either MeNB link or SeNB link.
· MAC may not be able to know whether the received MAC SDU includes duplicated RLC packet or not, thus, MAC may multiplex duplicated RLC packets into one MAC PDU.
	· In DC, duplicated MAC packets can only be transmitted over either MeNB link or SeNB link.
· MAC can distribute duplicated MAC SDU or MAC CEs to different MAC PDUs.



Considering that packet duplication mainly aims at reducing latency in data transmission, in DC, it maybe waste of resource to transmit duplicated packets over SeNB link which would experience Xx interface delay. The duplicated packet transmission over SeNB link would be beneficial only if ideal backhaul is used between MeNB and SeNB. Therefore, from latency point of view, it seems not so attractive to be able to distribute duplicated packets over SeNB link in packet duplication in PDCP. 
Observation 1. For packet duplication in PDCP, duplicated packet transmission over SeNB link may be beneficial in terms of latency only when ideal backhaul is used between MeNB and SeNB. 

In packet duplication, latency reduction is achieved by transmitting duplicated packets over different links/cells, and getting a chance to use a link with the minimum latency among multiple links. Therefore, it is important not to multiplex duplicated packets into one MAC PDU and/or not to transmit duplicated packets continuously via the same link/cell.
As MAC knows by which HARQ entity the MAC PDU is transmitted, if MAC duplicates a MAC SDU, MAC can easily distribute the duplicated packets over different link/cells. If PDCP/RLC duplicates a PDCP/RLC SDU, then, an interaction between PDCP/RLC and MAC may be required. For example, PDCP/RLC may need to indicate to MAC which packet is duplicated, or PDCP/RLC may need to investigate the uplink grants to determine whether to submit duplicated packets to MAC or not. 
Observation 2. MAC can easily transmit duplicated packets over different links/cells. 
With Observation 1 and 2, MAC seems to be the best place to perform packet duplication considering the purpose and the cost of packet duplication.
Proposal 1. If packet duplication is introduced in NR, MAC performs packet duplication.
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Figure 1. An example of packet duplication in MAC.

2.2 What is the criteria for packet duplication?
Packet duplication would be good for data transmission requiring reduced latency, e.g., URLLC. However, from Layer2 point of view, “URLLC” is not a visible parameter but it is understood only by a logical channel or a radio bearer. Therefore, it would make sense to configure packet duplication per logical channel. 
Proposal 2. If packet duplication is introduced in NR, packet duplication can be applied per logical channel.

Additionally, the network may want to receive a MAC control element as fast as possible, e.g., BSR/PHR MAC CE, for quick adaptation of scheduling. Therefore,
Proposal 3. If packet duplication is introduced in NR, packet duplication can be applied for a MAC control element.
Proposal 2 and 3 imply that if a MAC SDU is from a logical channel for which packet duplication is applied, the MAC SDU will be duplicated and distributed to different MAC PDUs. Similarly, if a MAC CE is duplicated, the duplicated MAC CEs will be included in different MAC PDUs

For packet duplication, it also needs to configure the number of packet duplication. Assuming that the desirable duplication number would vary depending on channel quality, number of links, or available resource, it would be good to make the duplication number configurable.
Proposal 4. If packet duplication is introduced in NR, the duplication number is configurable.
[bookmark: _GoBack]With Proposal 2, 3 and 4, how to configure packet duplication could be discussed further, i.e., whether to use RRC or MAC signalling.

3.	Conclusion
In this contribution, we discussed the details of packet duplication in NR and propose:
Proposal 1. If packet duplication is introduced in NR, MAC performs packet duplication.
Proposal 2. If packet duplication is introduced in NR, packet duplication can be applied per logical channel.
Proposal 3. If packet duplication is introduced in NR, packet duplication can be applied for a MAC control element.
Proposal 4. If packet duplication is introduced in NR, the duplication number is configurable.
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