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1. Introduction
In the RAN2#AH 06 meeting [1], duplication related agreements were as followings:

RAN2 #AH 06 Agreements:

Agreements:

1:
In CA, after the duplication is deactivated, the logical channel to carrier mapping restriction is not applied. UE sends new data via one specified logical channel.

FFS Whether RLC transmissions of the second leg are continued - to be concluded in stage 3 UP.

2
UE acts on MAC CEs received from MCG and SCG. No UE behaviour will be specified to manage a conflict between the commands received from MN and SN. 

FFS Whether UL packet duplication for spit bearer applies for EN-DC.
Agreements 
 1.
FFS in CA, as a baseline RLF is not triggered when reaching the maximum number of retransmission for a PDCP duplicate
2.
SNs of the two duplicate legs should be independently assigned
And in the RAN2#99 meeting [2], further agreements related to RLC were concluded:  
RAN2 #99 Agreements

Agreements:

-
RLC reports maxNumberofRLC retransmissions are reached to RRC.   

-
For a logical channel restricted to one or multiple SCell(s) (i.e. logical channel configured for duplication) UE reports the failure to the gNB (e.g. SCell-RLF) but no RRC re-establishment happens
This paper discusses open issues about PDCP duplication impacts on RLC, e.g. RLC layer behaviours upon duplication deactivation in the case of DC and CA. 
2. Discussion
2.1. RLC behavior after duplication deactivation in DC
In DC case, duplication function can be configured for split bearer via RRC signaling. When duplication function is configured, primary path is explicitly configured as well. That is to say, two RLC entities of a radio bearer should be established, one is primary RLC entity and the other is secondary RLC entity. 
In DL, gNB can start and stop duplication function at any time without any impact on UE and no extra RLC behavior needs to be captured. In UL, duplication is activated/deactivated by MAC layer. After duplication activation, PDCP entity can deliver duplicated data to the two RLC entities. There is no RLC extra impact due to duplication activation [3]. But for duplication deactivation, per RAN2’s agreements, duplicated split bearer will fall back to DC split bearer, which is controlled by split data threshold whether to use two path or use one path for non-duplicated data transmission. After duplication deactivation, the primary RLC entity will be kept to continue transmitting data. For the secondary RLC entity, there are two alternatives:
Alt1: the secondary RLC entity will be kept after duplication deactivation;
Alt2: the secondary RLC entity will be re-established after duplication deactivation;
In Alt1, the secondary RLC entity will continue to transmit and retransmit data in tx/retx buffers if any until all of data in buffers are transmitted and acknowledged, i.e. no timer running and no any gap in transmitter or receiver and everything is similar with RLC initial state except for the starting point of status variables is not zero. With an assumption that split bearer will only use one path for transmission, i.e. split data threshold is set to infinity, the secondary RLC entity will not receive any more data from PDCP layer. The secondary RLC entity will enter dormant state for a while until the next duplication activation.
In Alt2, the secondary RLC entity will flush all of buffers and reset all of status variables upon receiving deactivation command. The RLC entity will immediately enter dormant state if there is no more data from PDCP entity to it and the starting point of status variables is zero, which is one difference between Alt1 and Alt2. But in Alt2, it is a little strange that a MAC layer command will control RLC layer behaviors. Furthermore, when the node of primary path deactivates the duplications by MAC signaling, the secondary RLC entity in network side lies in the other node. As a result, there will be some new inter-node interaction for the secondary RLC entity re-establishment. It will bring some new problems if the secondary RLC entity on the UE side and the network side cannot be reset synchronously. Thirdly, the secondary RLC entity re-establishment will have some impacts on DL data transmission. If RLC entity is re-established, all of UL and DL buffers are flushed. If there are some non-duplicated DL data in DL transmission buffer, they will be discarded incorrectly, which can cause the loss of DL data.
From the above analysis, we prefer Alt1 because it is simpler and more practical.
Proposal 1: In DC case, the secondary RLC entity will be kept and not re-established after duplication deactivation.
2.2. RLC behavior after duplication deactivation in CA
In CA case, duplication function can be configured for a radio bearer via RRC signaling. When duplication function is configured, primary path and Component Carrier (CC) restriction are explicitly configured at the same time. That is to say, two RLC entities of a radio bearer should be established, one is primary RLC entity, the other is secondary RLC entity and each one has its own corresponding CC set. These two CC sets are independent.
When duplication is activated, PDCP entity will duplicate its data to both RLC entities. Each RLC entity will only use its own CC set for data transmission, i.e. the logical channel to CC mapping restriction is applied. After duplication is deactivated, two paths will fall back to one path, i.e. the primary path, and the logical channel to CC mapping restriction can’t be applied any more. Hence the primary RLC entity will be kept to continue transmitting data using all CCs. For the secondary RLC entity, here again, there are also two alternatives:
Alt1: the secondary RLC entity will be kept after duplication deactivation;
Alt2: the secondary RLC entity will be re-established after duplication deactivation;
In Alt1, there is no new data arrival from PDCP layer to the secondary RLC entity. For the data that already exists in buffers of the secondary RLC transmitting side, they can be divided into two parts: RLC SDUs that have not been transmitted yet and without any RLC SN association and those SDUs that have already been (at least partly) transmitted and with an RLC SN association. For the former, it is a feasible optimization to discard them immediately upon duplication deactivation.  For the latter, it not possible to discard them per current discard restriction is TS 38.322:


Proposal 2: It can be supported to discard RLC SDUs that have not been transmitted yet and without any RLC SN association in the secondary RLC entity immediately upon duplication deactivation both in CA and DC cases. 
If the secondary RLC entity continues transmitting data after duplication deactivation, one concern might be that the logical channel to CC set mapping restriction cannot apply anymore. It may then occur that data from both primary and secondary RLC entities may use the same transport block. But we think these are only transient states and should only cause a little waste of resources. In general, Alt 1 works well also in CA. 
In Alt2, the secondary RLC entity will flush all of buffers and reset all of status variables upon receiving deactivation command. The RLC entity will immediately come back to initial state. The last two demerits mentioned in Section 2.1 for DC case no longer hold anymore. Hence Alt 2 could be seen as being simpler.
However, MAC CE activation/deactivation was introduced to quickly address, amongst other things, fast variations of the radio channel which are expected to be frequent in HF links. Thus, this feature allows a tight and quick control of the duplication, so as to allow the network maintaining an optimal overhead vs robustness trade-off in such links. Therefore we should expect a potential high rate of activation/deactivation via MAC CE. As a result, resetting and re-establishing back and forth the secondary RLC entity will be ineffective and will consume UE power unnecessarily.

One issue raised in favor of resetting the secondary RLC entity is that upon re-activation, previously old RLC SDUs will create a bottleneck for the newly duplicated SDUs. The duplication deactivation may have been triggered by a too weak channel in the secondary leg or for other reason (e.g. the channel in the primary leg has become sufficient to provide the required reliability). In the latter case, the channel in the secondary leg is not a bottleneck and should allow sending the remaining RLC SDUs quickly. In the former case, it is expected that the duplication would be re-activated if the secondary leg is worth using again, channel-wise. Then similarly, while the channel quality has come back to an operable state, the remaining RLC SDUs in the secondary leg should have been transmitted successfully. In both cases, upon re-activation, the secondary RLC entity just sees new SDUs coming in its buffer and can resume quickly, without the need for re-establishment. Simply discarding the remaining RLC SDUs upon deactivation, as mentioned above, will further reduce this issue.  
And finally, from the perspective of common procedure, we prefer the same procedure between DC case and CA case.
Proposal 3: In CA case, the secondary RLC entity will be kept and not re-established after duplication deactivation.
3. Conclusion 

This paper discusses duplication scenarios and related open issues, and we have the following observations and proposals:
Proposal 1: In DC case, the secondary RLC entity will be kept and not re-established after duplication deactivation.
Proposal 2: It can be supported to discard RLC SDUs that have not been transmitted yet and without any RLC SN association in the secondary RLC entity immediately upon duplication deactivation both in CA and DC cases. 
Proposal 3: In CA case, the secondary RLC entity will be kept and not re-established after duplication deactivation.
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5.3	SDU discard procedures


When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU if no segment of the RLC SDU has been mapped to a RLC data PDU yet.
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