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1 Introduction

In RAN#81 meeting, the revised SID on NR Industrial Internet of Things (NR-IIoT) has been approved[1]. One of the objectives of this study item is data duplication and multi-connectivity enhancements: 
	1) L2/L3 enhancements:

a) Data duplication and multi-connectivity enhancements, including (RAN2/RAN3):

i) Resource efficient PDCP duplication e.g. coordination between the nodes for PDCP duplication activation and resource efficiency insurance, avoiding unnecessary duplicate transmissions etc.

ii) PDCP duplication with more than 2 copies leveraging (combination of) DC and CA, whereupon data transmission takes places from at most two nodes: assessment of the gains, and if beneficial, study the associated solutions. 

iii) Potential impacts of higher layer multi-connectivity as studied by SA2.


And in RAN2#105 meeting, it was agreed that [2]:
	Agreements:

· Potential impacts of higher layer multi-connectivity as studied by SA2. PDCP duplication support a configuration delivering up to 4 copies.

· Up to 4 RLC entities/legs per bearer are possible to configure by RRC for PDCP duplication

· The NW can dynamically control (MAC CE or similar) how a set or subset of configured RLC entities or legs are used by the UE for PDCP duplication. This does not preclude other methods of leg selection. 

· The architectural combinations supported for the work on PDCP duplication enhancements are CA, DC(NR only) and DC+CA(NR Only)

· R2 assumes that For PDCP duplication, all RLC entities for a RB are configured using the same RLC mode.


In this contribution, we will further discuss leg selection for UL PDCP duplication transmission and conclude with some proposals.
2 Discussion
In R15, PDCP duplication was introduced to improve transmission reliability for some high priority services, e.g. URLLC. A PDCP PDU is duplicated into two same packets and transmitted through two different legs, thus the possibility of successful transmission is increased and the transmission latency may also be reduced. 
For CA case, when RRC configures PDCP duplication for a radio bearer, an additional duplicated RLC entity will be established. PDCP duplication solution for CA requires only one MAC entity and RRC configured mapping of the 2 duplicate LCHs to different carriers will be supported.  While for DC case，split bearer is used as a baseline for packet duplication.
A dynamic activation/deactivation method was also introduced for PDCP duplication. PDCP duplication couldn’t be used immediately after configured by RRC, but could only be used with further activation/deactivation indication. The RRC message indicates initial activation state. Besides, activation/deactivation MAC CE may also be used for further duplication activation/deactivation. It is a more dynamic and timely method which is decided by the network based on the transmission conditions of the network, thus improves the resource efficiency.
Furthermore, according to the approved SID on NR Industrial Internet of Things (NR-IIoT) in RAN#81 meeting, one objective of the SI is PDCP duplication with more than 2 copies. And in RAN2#105 meeting, it was agreed that PDCP duplication support a configuration delivering up to 4 copies and up to 4 RLC entities/legs per bearer are possible to configure by RRC. That means the network may configure more than two legs for a RB and a packet can be duplicated into more than two copies. Transmission reliability can be further improved by this means compared with the current two-legs PDCP duplication, as one packet could be transmitted through more different legs. It enables more selection in frequency domain, thus increases the probability of successful transmission.
However, although the network may configure more than two legs, not all the legs configured will be in well radio condition during a certain time. The legs in bad transmission condition are not suitable for data transmission and shall not be used, because the transmission via these legs may fail in all probability and the radio resources will be wasted. Thus, considering resource efficiency, the transmitting PDCP entity should be aware of how many duplicates are needed and through which legs those duplicates are transmitted. 

And in RAN2#105 meeting, it was already agreed that the NW can dynamically control (MAC CE or similar) how a set or subset of configured RLC entities or legs are used by the UE for PDCP duplication. This does not preclude other methods of leg selection. We think there are two options for leg selection for UL PDCP duplication transmission：
Option 1：MAC CE based NW control
In Release 15, it was already agreed to use MAC CE for PDCP duplication activation/deactivation. Compared to PYH signaling, the bits of MAC CE can be easily extended to indicate the activation/deactivation states of more aspects. What’s more, continuing using MAC CEs for further activation/deactivation control of multi-legs PDCP duplication would be consistent with current activation/deactivation signaling mechanism. Besides, using MAC CE，PDCP duplication activation/deactivation can be in control of NW and NW can have a better knowledge of the buffer state on UE side.

Option 2: Pre-configured criteria based UE self-control
In Rel-15, PDCP duplication activation/deactivation is controlled by NW through MAC CE. However, in some cases it might be inefficient to activate/deactivate PDCP duplication by NW due to the lack of information on UE side. The duplication activation/deactivation indication might be not that timely or not suitable because it is difficult for the NW to predict the transmission condition on UE side. 

Considering the UE knows better on the UL radio condition, one possible solution is to activate/deactivate UL PDCP duplication by UE based on some criteria pre-configured by NW. However, as the UE activates duplication legs by itself, NW couldn’t know that new copies are generated and available for transmission. Thus, the UE needs to inform NW of the exist of these additional packets and request for UL grant for them. And the BSR procedure may cause unexpected delay for these additional packets. In some cases, the BSR delay caused by UE self-control could be avoided via configured grants. However, configured resources are not always configured.
Observation 1: Additional transmission delay may be caused by the solution of pre-configured criteria based UE self-control.
Based on the advantages and disadvantages of the two options discussed above, we think option 1 is more efficient for activation/deactivation control of multi-legs PDCP duplication.

Proposal 1：MAC CE based NW control is preferred.
However, in Rel-16 IIOT, RAN2 has agreed that up to 4 RLC entities/legs per bearer are possible to configure by RRC and NW can dynamically control how a set or subset of configured legs are used for PDCP duplication. With these agreements, we think the current duplication activation/deactivation MAC CE is not applicable for dynamic control of configured duplication legs because it is an indication of DRB level and couldn’t indicate the activation/deactivation state of a specific duplication leg within a DRB. Thus, a new duplication activation/deactivation MAC CE should be introduced to indicate the activation/deactivation state of any duplication leg within a DRB.
Proposal 2: A new MAC CE should be introduced for more than two legs duplication scenario to indicate and change the number of copies and the activation/deactivation state of any duplication leg within a DRB. 
3 Conclusion

In this contribution, we discuss leg selection for UL PDCP duplication transmission. Proposal and observation are given as follows:

Observation 1: Additional transmission delay may be caused by the solution of pre-configured criteria based UE self-control.

Proposal 1：MAC CE based NW control is preferred.
Proposal 2: A new MAC CE should be introduced for more than two legs duplication scenario to indicate and change the number of copies and the activation/deactivation state of any duplication leg within a DRB. 
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