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1.	Introduction
For packet duplication, RAN2 agreed in RAN2 NR AH#1 that
Agreements:
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)
FFS whether packet duplication should also be supported for LTE-NR dual connectivity
2  The PDCP function in the transmitter supports packet duplication and the PDCP function in the receiver supports duplicate packet removal.

Agreements
1	RLC retransmission (ARQ) is not assumed to be used for meeting the strict user plane latency requirements of URLLC .
2	RAN2 will study redundancy schemes operating below PDCP in CA scenarios for the purpose of meeting the reliability/latency requirements of URLLC. Study should consider the performance of the underlying Phy layer.

According to the agreements, for packet duplication in EN-DC where gNB is the master node, NR-PDCP duplicates the PDCP PDU and transmits the duplicated PDCP PDUs over two legs, i.e., one over NR and the other one over LTE. Having packet duplication in PDCP, it is possible to offer a mechanism for good reliability and latency performance to each radio bearer.
In CA, there seems to be no clear understanding what packet duplication means. Thus, in this contribution, we try to have a common view on packet duplication operating below PDCP by considering the intention of packet duplication and analysing the pros/cons of possible packet duplications.

2.	Discussion
In LTE, erroneous data transmission has been guaranteed by ARQ/HARQ in Layer2 and Adaptive Modulation and Coding (AMC) in Layer1 while latency generally relies on eNB scheduling. Considering that AMC in Layer1 is tightly related to channel quality of the data path, i.e., one cell, what Layer2 can do more would be to offer a chance to use multiple data paths, i.e., multiple cells, effectively by using carrier aggregation (CA) or dual connectivity (DC). 
Facilitating multiple cells with a redundancy scheme, key benefit would be to achieve reliability with reduced latency. In this sense, there could be two options:
· Option 1. RLC autonomous retransmission
In LTE, the AM RLC retransmits a RLC PDU only when the NACK for the RLC PDU is received via RLC Status Report. Option 1 aims at reducing latency in RLC retransmission by retransmitting the RLC PDU without waiting for RLC Status Report. An example is shown in the below. 
[image: ]
Figure 1. An example of Option 1
Upon reception of uplink grant, MAC allocates the amount of uplink resource to be allocated to a logical channel, and requests an RLC PDU. Then, RLC first allocates the uplink resource to the RLC PDUs to be retransmitted and then assigns the remaining uplink resources to the new RLC PDU. 
Option 1 allows network to control the use of redundancy transmission per logical channel. Considering the trade-off between the uplink resource consumption and the gain in terms of reliability/latency, the network may want to use redundancy transmission only for a specific case, e.g., URLLC. Additionally, the retransmission number could be configured by the network. 
Given that the original intention is to benefit from multiple cells, it would be desirable to spread the duplicated RLC PDUs over different cells. In our view, this can be handled by network, i.e., to provide uplink grant over different cells.

· Option 2. MAC autonomous retransmission
During the discussion in NR AH#1, it was asked whether packet duplication in MAC is a simple repetition transmission of a MAC PDU on multiple cells, i.e., without increment of Redundancy Version (RV). However, we don’t think having only a repetition transmission does help from performance and specification point of view. 
Thus, we assume that Option 2 is to retransmit a MAC PDU with incremented redundancy version across the different cells. In order to reduce the latency in HARQ retransmission, MAC may retransmit the MAC PDU without waiting for the feedback, similar to TTI bundling.
The benefit of allowing MAC autonomous retransmission across different cells is claimed [R2-1700173] that it can resolve a sudden degradation of channel quality within one cell. However, we think AMC in PHY layer basically should offer a proper robustness to the possible degradation of channel quality. Moreover, the gain from distributing the HARQ retransmission to multiple cells is not convincing well because soft combining over multiple cells would average the channel quality of multiple cells and it might not be better than the average channel quality of one cell.
Option 2 also has a big impact on HARQ. Currently, one HARQ process handles from initial transmission to retransmission of a MAC PDU. Therefore, MAC stores the MAC PDU only in the HARQ buffer of the corresponding HARQ process when a MAC PDU is newly generated, which is to be transmitted by using the uplink grant. However, Option 2 may require MAC to store the MAC PDU in some HARQ buffers of the HARQ processes even before the uplink grant is not yet received for those HARQ processes. Alternatively, we need a new HARQ entity modelling that multiple HARQ processes in different HARQ entities share a common HARQ buffer.

As redundancy transmission inevitably consumes more uplink resource, it seems essential to use redundancy transmission only for the specific case where it is needed. In this sense, Option 1 seems better because autonomous retransmission can be applied per logical channel. In addition, the impact of Option 1 is expected to be isolated to RLC retransmission. Considering that redundancy scheme mainly aims at achieving high reliability with reduced latency, we propose that: 
Proposal. In CA, RLC autonomous retransmission is considered as redundancy scheme to achieve a high reliability with reduced latency.

3.	Conclusion
In this contribution, we discuss the redundancy scheme that can be used for CA and propose that:
Proposal. In CA, RLC autonomous retransmission is considered as redundancy scheme to achieve a high reliability with reduced latency.
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