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1 Introduction

In RAN2#97bis, the following agreements were made on PDCP duplication:
Agreements:

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.

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. (Noting that we have already agreed that they can be sent on different carriers)

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).

There was also an email discussion [97bis#13] on the need for dynamic control of UL PDCP duplication.
This contribution further discusses control of PDCP duplication for the uplink.
2 The Need for Dynamic Control of Duplication
Support for duplication of PDCP PDUs was agreed as a reliability mechanism for URLLC and for SRB. The main application scenario is when the UE is configured with dual connectivity or carrier aggregation (e.g. when carriers are supported by geographically separated TRPs), where the main source of the gain is from macro-diversity and frequency diversity.
A typical “event” where duplication can prove useful is when the channel conditions on one leg is temporarily impaired due to an interference burst or blockage, so that the PDU transmitted over that leg cannot be correctly received with the required latency. If a duplicate of this PDU has been transmitted over another leg with good channel conditions and approximately at the same time, the PDU can be successfully received with the required latency. Assuming low correlation between the channel conditions of each link, duplication has therefore the potential of significantly reducing the probability of error for a PDCP PDU.
From the above, it is apparent that a number of conditions need to be satisfied for duplication to actually provide a benefit. Namely, there should not be a too big discrepancy between the average SNR (at the receiver) of the legs, otherwise the diversity gain could be small. Importantly, there should not be a large time difference between initiation of transmission of duplicates. Otherwise, the duplicate that was transmitted late may not satisfy the latency requirement even if channel conditions were good. 
Another consideration is that in the uplink a single transmitter with limited power (the UE) exists. When the UE is operating close to its maximum power, power scaling may occur and can negate the gain from duplication. For this reason, duplication should be deactivated when the UE operates close to maximum power and when the additional data from duplication significantly contributes to the increase in required transmission power.
The above conditions depend on factors that can change on a short-term basis, such as system load,  channel conditions, maximum power reduction due to power management (P-MPR), and so on. For this reason it is beneficial to introduce mechanisms allowing control of this functionality on a faster rate than what is possible using RRC signalling only.
Proposal 1: 
Dynamic control of duplication is supported.
3  Supporting Dynamic Control of PDCP Duplication
Different options can be considered for dynamic control. The objective of this control should be to disable duplication of PDCP PDUs when no benefit is expected (or when a loss would be expected) given the conditions, and enable duplication when a benefit is expected. The most suitable mechanism depends on which node (UE or MgNB/SgNB) has the required information to make a timely decision.
In the previous section the following “dynamic” factors have been identified:
1. SNR and transmission power (on each leg);
2. Transmission timing difference between duplicates.
Power control normally adapts uplink transmission power such that the required SNR is met (in average), unless the maximum transmission power is reached. Thus these two aspects are linked.
Adaptation to channel conditions

Two options may be considered to control duplication as a function of transmission power and UL channel conditions. In a first option, the UE determines autonomously when to start or stop duplication based on some pre-configured trigger. In the second option, the network determines whether to start or stop duplication and signals an activation/deactivation command (at either PDCP or MAC) to the UE.
The UE has immediate knowledge of transmission power conditions and could determine that duplication is stopped when e.g. power scaling occurs or when power headroom becomes too low. On the other hand, the network can obtain information when power headroom changes through PHR (with a latency of several TTIs, possibly several ms). In addition, the network can observe interference and load conditions on the uplink. The network can also evaluate whether stopping duplication would have a significant effect on power requirements. Thus the network has more relevant information to make a suitable decision, although some latency should be expected for the transmission of the activation/deactivation command. However, such latency is not expected to impact performance very negatively in this case. L2 signaling seems preferable.
Proposal 2: 
PDCP duplication can be activated or deactivated using L2 signaling (MAC or PDCP).

Transmission timing difference between duplicates

For duplication to remain effective it is important that duplicates be transmitted approximately at the same time. When conditions temporarily deterioriate over one leg, it is possible that PDCP PDU duplicates get buffered for that leg, generating a lag between the transmission timings of the duplicates. When the lag exceeds the latency requirement of the PDCP PDU, duplication no longer provides benefit. Eventually when conditions become better again over the impaired leg, the network can serve the buffered duplicated PDCP PDU but until the buffer level is reduced to a low value the duplication remains relatively ineffective.
The UE should not waste time and resouces transmitting PDCP PDU duplicates that are too late to maximize the benefits of duplication. The information required to make this decision is available to the UE. For example, the UE can suppress duplication of a PDU (e.g. by PDCP triggering the RLC SDU discard) if that PDU has already been successfully transferred over the other leg. Another possibility is to not generate duplicates for a leg if the data available for transmission (from PDCP PDU duplicates) exceeds a threshold.
Proposal 3: 
Transmission of a PDCP PDU duplicate over a leg is only initiated if no duplicate of the same PDCP PDU has yet been successfully transferred over another leg.
4 Conclusion

RAN2 should discuss the above and agree to the following proposals:
Proposal 1: 
Dynamic control of duplication is supported.

Proposal 2: 
PDCP duplication can be activated or deactivated using L2 signaling (MAC or PDCP).

Proposal 3: 
Transmission of a PDCP PDU duplicate over a leg is only initiated if no duplicate of the same PDCP PDU has yet been successfully transferred over another leg.
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