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1.	Introduction
The agreements regarding packet duplication are captured as follows:
RAN2 NR AH#1
1:  Packet duplication is supported for user plane and control plane in NR-PDCP (This agreement does not preclude discussion of other mechanisms to improve mobility robustness)
2  The PDCP function in the transmitter supports packet duplication and the PDCP function in the receiver supports duplicate packet removal.

RAN2#97
-	For DL and UL, duplication solution for CA case uses PDCP duplication to more than 1 logical channel so that the duplicated PDCP PDUs are sent over different carriers.

RAN2#97bis
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.
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 contribution discusses the remaining aspects regarding packet duplication in PDCP.
2.	Discussion
In RAN2#97bis, it is left as 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. 
As packet duplication may not be visible in lower layers, packet duplication cannot bring any combining gain in e.g., PHY layer. But, packet duplication would increase a chance to receive a PDCP PDU successfully/early by obtaining the diversity gain. Frequency diversity can be achieved by packet duplication on different carriers whereas time diversity can be achieved by packet duplication in different TBs on the same carrier.
If duplicated PDCP PDUs are transmitted on different TBs within a short period of time, for instance, successively, time diversity gain could be hardly achieved because the channel condition may not change in a short period of time. To benefit from time diversity, the duplicated PDCP PDUs need to be transmitted with a certain timing difference while it may not be easy to determine what will be the proper timing difference. Therefore, it is not expected that packet duplication in different TBs on the same carrier brings a gain in real world. On the other hand, to see the real gain from packet duplication in different TBs, we need a way to at least handle the timing difference between the duplicated PDCP PDUs transmission.
Proposal 1. Packet duplication in different TBs on the same carrier is not supported in NR.

In RAN2#97, RAN2 agreed that For DL and UL, duplication solution for CA case uses PDCP duplication to more than 1 logical channel so that the duplicated PDCP PDUs are sent over different carriers. In this agreement, it is not clear what it exactly means that more than one logical channel is used for packet duplication. It could be either using two RLC entities or one RLC entity mapped to two logical channels. 
If duplicated PDCP PDUs are transmitted to one RLC entity, PDCP may need to inform RLC entity of the duplicated PDCP PDUs so that RLC entity distributes the duplicated PDCP PDUs to two different logical channels. As it generates interaction between PDCP and RLC it is not preferred. In addition, for packet duplication in DC, it seems straightforward to reuse the split bearer and PDCP distributes duplicated PDCP PDUs to two separate RLC entities. Therefore, it would be good to have a common layer 2 modelling in CA and DC, and we propose:
[image: ]
Figure 1. A split bearer for packet duplication in CA
Proposal 2. For packet duplication in CA, a split bearer is used, i.e., duplicated PDCP PDUs are submitted to two different RLC entities

In RAN2#97bis, RAN2 agreed that For DL and UL, duplication solution for CA case uses PDCP duplication to more than 1 logical channel so that the duplicated PDCP PDUs are sent over different carriers. Although it was claimed that duplicated PDCP PDUs can be sent over different carriers by having more than one logical channels, it doesn’t seem so. In LCP, MAC generates a MAC PDU by considering all logical channels according to the priority of the logical channels. Therefore, the duplicated PDCP PDUs may be multiplexed into one TB and transmitted over one carrier. 
In order to include the duplicated PDCP PDUs in different TBs and transmit them over different carriers, we can simply restrict the data transmission of a logical channel to a specific cell (Option 1). This is similar to what we have in e.g., Rel-14 LAA and Rel-15 sTTI. When the gNB configures packet duplication for a radio bearer, the gNB maps each logical channel to a carrier. Accordingly, the duplicated PDCP PDUs will be transmitted over the fixed two different carriers.
Another way is that the MAC by itself distributes the duplicated PDCP PDUs to different carriers (Option 2). As long as the MAC is aware that the logical channels are for packet duplication and for which cell the uplink grant is, it can request data submission only to one RLC at one time. For example, upon reception of an uplink grant on a cell, only RLC1 is requested to submit data and then upon reception of the next uplink grant on a different cell, only RLC2 is requested to submit data by MAC. 
Although Option 2 allows use of more carriers for duplicated PDCP PDU transmission, using more carriers may not be so attractive compared to using two fixed carriers. In the meanwhile, Option 2 would be more complex because e.g., MAC needs to track which RLC is requested to submit data previously. Therefore, we propose that gNB configures a mapping between a logical channel of a split bearer for packet duplication and a cell, and a duplicated PDCP PDU from the logical channel is transmitted over the cell mapped to the logical channel.
Proposal 3. For packet duplication, a logical channel of a split bearer for packet duplication is mapped to a cell. A duplicated PDCP PDU from the logical channel is transmitted over a cell mapped to the logical channel.


3.	Conclusion
In this contribution, we discussed packet duplication in CA and propose that:
Proposal 1. Packet duplication in different TBs on the same carrier is not supported in NR.
Proposal 2. For packet duplication in CA, a split bearer is used, i.e., duplicated PDCP PDUs are submitted to two different RLC entities
[bookmark: _GoBack]Proposal 3. For packet duplication, a logical channel of a split bearer for packet duplication is mapped to a cell. A duplicated PDCP PDU from the logical channel is transmitted over a cell mapped to the logical channel.
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