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Introduction

In the latest RAN3#101bis meeting, there are some discussion[1][2][3] on resource efficient PDCP duplication in the NRIIOT topic. In these contributions, some possible enhancements on efficient PDCP duplication has been mentioned, which could be briefly summarized in the following. 
Smart duplication based on per-packet granularity

the text quoted from [1]: the PDCP entity decides whether to duplicate or not duplicate each of the packets (per packet duplication) – currently, when PDCP data duplication is activated, it applies to all packets. However, a more efficient method to do that would be if the PDCP entity can decide on per packet basis if duplication is needed or not. 

Smart scheduling for duplicated packet (e.g. smart discard, scheduling  priority) 

the text quoted from [1]:the PDCP (and even RLC) entity decides whether a packet or a duplicated packet can be discarded at a given time for example if the packet does not meet the delay budget requirements. There may be cases in which PDCP PDUs or RLC SDUs/PDUs are buffered for too long in the queues which could lead packet to not meet the latency requirements, for instance. Thus, removing such packets could be beneficial to increase the resource efficiency as those packets might not longer be needed by the receiver side.

the text quoted from [3]: it may be beneficial that the node hosting PDCP provides assistance information to the node hosting the secondary RLC entity to adjust scheduling decisions and radio resource allocation. For instance, there could be situations where it would be beneficial to hold back a duplicate packet until further indication is received on the status of the other copy of the packet (i.e. received or not received by the UE), whereupon the duplicate is either discarded or immediately transmitted.

In the paper, we give further analysis on these enhancements and provide our corresponding proposals.

Discussion
Smart duplication based on per-packet 

In the current specification, when PDCP data duplication is activated, it applies to all packets. If the PDCP entity can decide duplication based on per-packet level, more resources is saved, and interference to other user is also decreased. however activation/deactivation of  PDCP duplication should be cope with the dynamic channel quality change in one or more transmission legs, and instantaneous channel quality changes may not be accurately evaluated and notified, if PDCP should decide whether to duplicate or not duplicate each of the packets by the instantaneous  changed channel quality, it will bring high risk to the transmission reliability for URLLC. The decisions of activation and deactivation should be based on the measurement of channel quality of some period time and applies to all packets for some period. Anyway, to support per-packet level duplication by radio quality has impact on the PDCP specification, It should firstly to be discussed in RAN2.

Observation 1: if PDCP decides  whether to duplicate or not duplicate each of the packets based on the instantaneous  changed channel quality, it will bring high risk to the transmission reliability for URLLC.

Proposal 1:   Whether to support per-packet level duplication by radio quality should be firstly discussed and decided by RAN2.

Smart scheduling for duplicated packet (e.g. smart discard, scheduling  priority) 

The mechanism of smart scheduling is needed to ensure that the strict delay budget of URLLC duplicated packet is met. For example,  If duplicated packet in assisting node are buffered for too long exceeding the delay budget, it is beneficial that the assistant node can discard the duplicated packet,  regardless of whether the hosting node has a discard indication or not, to avoid unnecessary transmission. 

Furthermore, in order to achieve smart scheduling, the assisting node should be aware of  the QOS requirement (e.g. latency requirement) of the packet, and the consumed time information of the packet when it arrived at the assisting node. For this purpose, the hosting node may provide assistance information including QOS information(e.g. QFI or 5QI) of the packet and the time related information of the packet for the delay budget, the assisting node can take assistance information into consideration to adjust the scheduling (e.g. immediately transmitting or discarding). More details on time related information is FFS.

Proposal 2: In order to achieve smart scheduling for duplicated data, the hosting node may provide some assistance information including  QOS information(e.g. QFI or 5QI) of the packet and time related  information of the packet for the delay budget. 
Proposal 3:   The mentioned assistance information could be added into  DL USER DATA PDU over NR-U interface (X2/Xn/F1).  
Conclusion
The following observations and proposals are provided:

Observation 1: if PDCP decides  whether to duplicate or not duplicate each of the packets based on the instantaneous  changed channel quality, it will bring high risk to the transmission reliability for URLLC.

Proposal 1:   Whether to support per-packet level duplication by radio quality should be firstly discussed and decided by RAN2.

Proposal 2: In order to achieve smart scheduling for duplicated data, the hosting node may provide some assistance information including  QOS information(e.g. QFI or 5QI) of the packet and time related  information of the packet for the delay budget. 
Proposal 3:   The mentioned assistance information could be added into  DL USER DATA PDU over NR-U interface (X2/Xn/F1). 
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