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Introduction
RAN3#106 meeting discussed the dynamic control of PDCP duplication, and an offline discussion [2] has been launched to solve the remaining issues on this topic. The following open issues have been captured by the offline discussion:
For data transfer for more than 2 RLCs: The motivation for separate tunnels in Rel-15 duplication shall be reminded before more tunnel endpoints are added.
For coordination of DL duplication of more than 2 RLCs: Only no coordination or partial coordination (as proposed in [1]) is to be considered for coordination.
And during last RAN3 online meeting, the following open issues have been discussed [3], but no consensus achieved.
- assistance info per leg (i.e. status quo)?
- hosting vs. assisting node performs duplication?
- partial vs. full coordination?
- CP vs. UP solution?
In this contribution, we still provide our opinion on these open issues of dynamic control.
Discussion
Assistance info per leg
Based on the email discussion of last meeting [3], a primary consensus has achieved among companies that several parameters in ASSISTANCE INFORMATION should be provided as per leg/RLC entity in order to achieve dynamic control with up to four legs. Such parameters include PDCP Duplication Indication (for DL), PDCP Duplication Activation Suggestion (for DL), UL & DL Radio Quality Index, and we think these parameters are agreeable to be provided as per leg/RLC entity in this meeting.
Next question is whether there’s any difference between per leg and per RLC entity. One company suggests to adopt information per leg instead of per RLC entity. In our opinion, both per leg and per RLC entity are fine to us, but considering some parameters such as UL/DL Radio Quality Indices are not quite relevant to RLC entity, per leg seems more reasonable.
Another remaining issue is the definition of above-mentioned parameters that need to be provided per leg/RLC entity in R16 version of 38.425 [5]. Because these parameters are still provided as per DRB in [5], it is necessary to discuss a proper way to introduce such parameters per leg/RLC entity in 38425 while maintaining backward compatibility, which is discussed in our companion cosigned contribution.
Proposal 1: Agree that PDCP Duplication Indication (for DL), PDCP Duplication Activation Suggestion (for DL), UL & DL Radio Quality Index should be provided as per leg/RLC entity.
Hosting vs. assisting node performs duplication
This topic concentrates on DL duplication because only in DL, the base station is the transmitting side and performs duplication.
In R15, although not explicitly specified, since there are two UP tunnels established in both UL and DL, even in CA duplication case for disaggregated gNB scenario, the hosting node performs duplication and transmit data through two separate UP tunnels.
In RAN3#106, the offline discussion indicated that the motivation for separate tunnels in R15 should be reminded. Recalling the discussion in R15, two-tunnel option is preferable than one-tunnel option in UL because of following reasons [6],
‘For UL packet duplication, the two F1-U tunnels can provide better reliability performance than one tunnel; 
For UL packet duplication, the one F1-U tunnel can delay the reception of the duplicated packets compared to two F1-U tunnels; 
For UL packet duplication, the one F1-U tunnel can further delay the reception of the duplicated packets compared to two F1-U tunnels if there is packet lost; 
For a DRB including both DL and UL traffics, the DL traffic will be delayed due to the latency increase of UL traffic by using one F1-U tunnel’.
As a result, there’s no objection in last email discussion [3] that for UL duplication, introducing up to four tunnels in R16 should be beneficial. And another CB [4] has agreed to add additional tunnels on F1, Xn and E1 for further use in R16, but whether to use four tunnels in DL is still controversial.
In our opinion, similar reasons for UL can also be applied to DL.
Observation 1: For DL duplication, the four-tunnel option can provide better reliability performance than two-tunnel option.
Observation 2: For DL duplication, compared to four-tunnel option, re-transmitted packets will delay the fresh data with higher possibility for two-tunnel option.
Observation 3: For a DRB including both DL and UL traffics, the DL traffic will be delayed due to the latency increase of UL traffic by using two-tunnel option.
As a result, we prefer four-tunnel option in DL, namely, one tunnel for each leg/RLC entity. And it is preferable that the hosting node performs duplication in DL, since the overhead increase for duplicated packets on related interface is not the bottleneck of the network.
Observation 4: The DL overhead increase introduced by additional tunnels on related interface is not the bottleneck of the network.
Proposal 2: Agree that the hosting node performs duplication.
Coordination & solutions
In the LS R3-200094, RAN2 gives the current progress on PDCP duplication enhancement, which is described as below,
‘For uplink PDCP duplication enhancement, RAN2 has decided to support up to 4 legs for a DRB with possibility of DC+CA architecture, wherein the 4 legs configured for a DRB could be distributed across both MCG and SCG, so the number of RLC entities corresponding to one CG could be 1, 2, or 3 under this framework.
Additionally, RAN2 has also agreed to introduce a new MAC control element (MAC CE) that allows the network to dynamically control the activation state of up to 3 RLC entities configured for a DRB, that are distributed across two nodes in cases of DC+CA architecture. Therefore, for a gNB to construct and issue such MAC CE in such situations, some information exchange relating to the RLC entities between the two gNBs may be needed, especially when the other gNB has 2 or more RLC entities for this DRB.

In light of this, RAN2 made the following agreement:
· Network coordination is beneficial for PDCP duplication in the uplink in NR-DC/CA architectures.
RAN2 would like to request RAN3 to take the above agreement into consideration.’

Specifically, this LS indicates two potential coordination for UL duplication,
· Coordination is needed to exchange activation status for each leg/RLC entity across MCG and SCG.
· Coordination is needed to help the hosting node to perform UL duplication with a resource-efficient way.

As a summary of contributions submitted to last meeting, there are potentially two ways to realize the above-mentioned two goals.
One way is to adopt separate solutions for each coordination requirement: for coordination to exchange activation status, UP solution [7] [8] to indicate activation/deactivation status for each leg/RLC entity in DL USER DATA and ASSISTANCE INFORMATION is needed; for coordination to help perform resource-efficient UL duplication, CP solution [9] [10] that hosting node indicates minimum/maximum number of copies to be transmitted by the assisting node, is needed.
Another way is to achieve both goals (exchanging activation status & helping perform resource-efficient UL duplication) with single UP solution. As indicated by [11], UL Activation Suggestion for each leg and UL Radio Quality for each leg/RLC entity in both DL USER DATA and ASSISTANCE INFORMATION are needed. More specifically, one node will transmit activation status information by means of activation suggestion and radio quality; upon reception, the other node may or may not follow the suggestion and constructs MAC CE by its own decision, which means the UL Duplication MAC CEs sent by MCG and SCG could be different, and UE will follow the instruction by last received MAC CE.
Proposal 3: Discuss solutions for coordination, and possibly down-select one of the following:
- Option1: UP solution to indicate activation status, and CP solution to help perform resource-efficient UL duplication.
- Option2: Single UP solution to achieve both activation status exchange and resource-efficient UL duplication.

Proposal
The paper discussed the remaining issues of dynamic control, and came to the following proposals:
Proposal 1: Agree that PDCP Duplication Indication (for DL), PDCP Duplication Activation Suggestion (for DL), UL & DL Radio Quality Index should be provided as per leg/RLC entity.
Observation 1: For DL duplication, the four-tunnel option can provide better reliability performance than two-tunnel option.
Observation 2: For DL duplication, compared to four-tunnel option, re-transmitted packets will delay the fresh data with higher possibility for two-tunnel option.
Observation 3: For a DRB including both DL and UL traffics, the DL traffic will be delayed due to the latency increase of UL traffic by using two-tunnel option.
Observation 4: The DL overhead increase introduced by additional tunnels on related interface is not the bottleneck of the network.
Proposal 2: Agree that the hosting node performs duplication.
Proposal 3: Discuss solutions for coordination, and possibly down-select one of the following:
- Option1: UP solution to indicate activation status, and CP solution to help perform resource-efficient UL duplication.
- Option2: Single UP solution to achieve both activation status exchange and resource-efficient UL duplication.
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