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1 Introduction

During RAN2#97bis meeting, the following agreements on packet duplication have been made:
Agreements:

1: RRC configures PDCP for duplication and the radio protocols of the UE with separate RLC entities and logical channels to handle duplicates (referred to as “legs”)

2: only one additional leg is configured for PDCP duplicates.

3: the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same transport block.

FFS whether in CA case to support PDCP duplicates on the same carrier with some restriction to prevent them from being transmitted on the same transport block. (Noting that we have already agreed that they can be sent on different carriers)

4:
PDCP duplication solution for CA requires only one MAC entity.

5
logical channel mapping restrictions need to be introduced to handle duplicates in within one MAC entity (CA).
This paper provides more detail focusing on control and restriction of the packet duplication.
2 Discussion
2.1 Dynamic Control of Packet Duplication
In RAN2 email discussion [1], there was a discussion whether dynamic control (i.e. activation and deactivation) of uplink packet duplication rather than RRC configuration is needed or not. The motivation of the dynamic control is that whether duplication is efficient or not changes more frequently than bearer setup/release (i.e. RRC reconfiguration) for a specific UE. As discussed in [2], packet duplication may be beneficial in some cases and wasteful in the other cases. During an RRC connection with established radio bearers, it can be changed due to UE’s mobility, blockage of other moving object, change of network status (e.g. loading), or other network’s own policy. One could argue that RRC signaling is sufficient for the dynamic control. However, we think that if start/stop is controlled by RRC signaling, then RRC signaling load will be increased. Hence, the dynamic control will be beneficial.
Proposal 1. Dynamic control of packet duplication (i.e. activation/deactivation) should be supported.
If we could agree Proposal 1, the next issue is how to activate and deactivate the packet duplication. Table 1 provides possible solutions to dynamic control of packet duplication. Before discussing any specific solutions, we need to focus on whether activation and deactivation is per UE or per RB. The main objective of packet duplication is reliability which is quite related to channel condition and network environments. Those conditions are usually common among multiple RBs of UE. Thus, it seems to be natural that activations (or deactivation) for multiple RBs are triggered at the same time. In this case, activation and deactivation per RB just increases the signaling overhead, so we do not need to have an individual control. 
	Type
	Per UE or Per  RB
	Pros
	Cons

	RRC signaling
	Both
	One simple configuration
	Frequent RRC signal for dynamic control

	PDCP control PDU
	Per RB
	Same layer of performing duplication
	Latency (ARQ)
PDCP/MAC header overhead
Multiple control PDU for all duplication bearer

	MAC CE
	Per UE
	Small overhead
	Internal signaling btw MAC and PDCP

	DCI
	Per UE
	Small overhead
	Internal signaling btw PHY and PDCP

	Conditional duplication
	Both
	No signaling
	NW cannot control fully.


Table 1. Possible solutions to dynamic control of packet duplication

Conditional duplication based on pre-configured condition could be considered as an alternative. This means that UE can decide to perform duplication when pre-configured condition is satisfied. The conditional duplication may save signaling overhead. However, efficiency of packet duplication depends on not only link quality but also other factors such as backhaul latency or channel occupancy which is known by network. Thus, we think that it is better for network to activate duplication directly. Considering these reasons, either MAC CE or DCI can be considered as a preferred solution.

Proposal 2. Packet duplication can be activated and deactivated per UE.
Proposal 3. Packet duplication can be activated and deactivated by either MAC CE or DCI.
2.2 Logical Channel Operation for Packet Duplication
RAN2 already agreed to prohibit a transmission of an original PDU and its duplicated PDU on the same transport block within one MAC entity. One simple way is to specify the mapping of each LC (logical channel) on CC at the establishment of duplication bearer. When a UL grant is allocation on a CC, only logical channel mapped on the CC can participate in the LCP operation. In our view, this mapping should be configured by RRC signaling. Moreover, once this mapping is configured, we do not need the change until any CC is added/removed/modified. 
Proposal 4. Logical channel mapping on CC should be configured by RRC signalling. 
Proposal 4a. Logical channel mapping on CC can be changed only by RRC signalling (e.g. RRC reconfiguration).
Another open issue is whether in CA case to support PDCP duplicates on the same carrier with some restriction to prevent them from being transmitted on the same transport block. The motivation of this scheme seems to be a time-diversity that same data is transmitted multiple times with a time gap. On the other hand, ARQ in NR, as well as LTE, is a mechanism for recovery and retransmission using time-diversity. Thus, if we need to achieve reliable transmission by time-diversity, RLC AM would be a suitable solution. As a result, we do not see that there is a strong motivation to introduce PDCP packet duplication for time-diversity on the same carrier.
Proposal 5. PDCP duplication on the same carrier is not supported.
The last open issue is whether BSR needs to be enhanced to support PDCP duplication in CA. In DC, once packet is duplicated in PDCP, two packets should be transmitted via different cell groups. Thus, each buffer status should be reported to each nodeB, independently. In CA, the same principle would be still valid. More specifically, each logical channel of duplication radio bearer should transmit its packets independently. Thus, separate buffer status should be reported to get the sufficient amount of radio resources. Hence, there is no reason for modifying BSR triggering mechanism or introducing additional information in BSR for packet duplication.
Proposal 6. BSR triggering/information for duplication logical channel should be same as LTE (i.e. independent BSR per LCG).
3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposals:

Proposal 1. Dynamic control of packet duplication (i.e. activation/deactivation) should be supported.
Proposal 2. Packet duplication can be activated and deactivated per UE.
Proposal 3. Packet duplication can be activated and deactivated by either MAC CE or DCI.
Proposal 4. Logical channel mapping on CC should be configured by RRC signalling. 
Proposal 4a. Logical channel mapping on CC can be changed only by RRC signalling (e.g. RRC reconfiguration).
Proposal 5. PDCP duplication on the same carrier is not supported.
Proposal 6. BSR triggering/information for duplication logical channel should be same as LTE (i.e. independent BSR per LCG).
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