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In the RAN2 AH NR #2 a good progress was achieved on the duplication topic resulting in a number of agreements, some of which, relevant to the below discussion, are captured hereafter: 
Stage 2, DRBs:
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.
Stage 3, MAC:
Agreements:
1. Logical channel prioritization takes into account the all the restrictions configured for the logical channels. 
2. The LTE BSR and SR trigger mechanism can be used for the packet duplication transmission.  no enhancements are needed.
3.  For activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication.  
4.   Which logical channel is used for duplication leg is based on RRC configuration for CA and DC.  
FFS if fall back to split bearer is supported for DC . 

In addition, during the on-line discussion, it was questioned several times how a duplicated bearer type should be defined and e.g. if some commonality could be found with the legacy split bearer, although currently only defined for DC. We think the bearer type model is linked with the highlighted above FFS so these leftover issues should be discussed in this context.
Discussion
Original/additional leg
Regarding the naming convention for the duplication pair of legs, the current running TS reads as follows [1]:
“When duplication is configured for a radio bearer by RRC, an additional RLC entity and an additional logical channel are added to the radio bearer to handle the duplicated PDCP PDUs. Duplication at PDCP therefore consists in sending the same PDCP PDUs twice: once on the original RLC entity and a second time on the additional RLC entity”.
In this contribution we use this terminology consistently when describing further the behaviors of the two legs used in duplication. The original leg is the leg when duplication is not configured or activated. The additional leg is the leg which is used on top upon activation and abandoned upon deactivation. Note the agreement #4 in Section 1 makes it clear to us that both the original and the additional legs are configured by RRC and not dynamically updated/switched by MAC CE, which we further clarify/confirm in [2]. Therefore it is the same configuration method as of the default leg (SCG or MCG) of the split bearer (via ul-DataSplitDRB-ViaSCG RRC parameter). 
Bearer type model for duplication when activated
Figure 1 shows the duplication model when duplication is activated: the PDCP delivers PDCP PDUs to both RLC entity buffers based on received UL grants from either leg (MCG or SCG in DC, CC1 or CC2 in CA). Note this does not preclude UE implementing some pre-processing of RLC SDUs, similar to a non-duplication bearer.




[bookmark: _Ref481079506]Figure 1: Bearer type model for duplication, when activated, DC (left) and CA (right) 
Procedure upon activation:
At duplication activation, the baseline behavior is that PDCP duplicates the very next PDCP PDU it submits to lower layers. However PDCP PDU processing is non-real-time and, as mentioned above, it is left to implementation how many SDUs PDCP processes in advance for RLC, if not all available. Therefore, given the activation/de-activation was given to MAC to enable a tight control, it makes sense that upon reception of an activation MAC CE, all pending data for transmission of the relevant logical channels start being duplicated. This means all newly produced PDCP PDUs, but also all pending RLC SDUs of the original RLC entity including, for AM mode, transmitted but not yet ACK’ed PDUs.
Proposal 1: Upon duplication activation by MAC, all pending data for transmission of the relevant logical channels start being duplicated, including all newly produced PDCP PDUs, but also all pending RLC SDUs of the original RLC entity including, for AM mode, transmitted but not yet ACK’ed PDUs.
BSR reporting:
It was agreed that the LTE BSR and SR trigger mechanism can be used for the packet duplication transmission.  No enhancements are needed. We are checking below the details of this reuse.
The duplicated logical channels of one radio bearer are restricted to transmit on different CCs and CGs in case of CA and DC respectively. However, depending on the different channel conditions and loads in the different legs, the amount of pending data will differ in the two RLC transmission buffers. Therefore, the BSR should be able to distinguish the original and additional logical channels of the same radio bearer. In DC, both logical channels are mapped on different MACs and are therefore necessarily in different LCGs. So UE includes each buffer status in their respective LCG’s BSR and reports them separately to the MgNB and SgNB. Similarly, in CA the duplicated logical channels of one DRB should be mapped onto two different LCGs in order to distinguish them.
Proposal 2: Same as DC duplication and split bearer, in CA, the duplicated logical channels of one radio bearer are mapped onto different LCGs.
When duplication is activated, a duplicated bearer can re-use the legacy split bearer threshold-based trigger for BSR reporting, where threshold is set to zero. The difference though is that early delivered/pre-processed RLC SDUs are only accounted as data available for transmission in their respective LCG, i.e. not accounted twice.
Proposal 3: For BSR reporting, a duplicated bearer, when activated, can re-use the legacy split bearer threshold-based trigger, where threshold is set to zero and where early delivered/pre-processed RLC SDUs are only accounted as data available for transmission in their respective LCG.
Bearer type model for duplication when deactivated
Upon deactivation via MAC CE, the transmitting PDCP immediately stops duplicating the PDCP PDUs and routes them to the original RLC entity only.
One key open issue to address from Section 1 is whether RLC transmissions of the second leg are continued after de-activation by MAC CE. There are two options regarding the RLC entity in the additional leg: it is either reset and then re-established upon re-activation, or not reset for the whole lifetime of the duplicated bearer. We think the 2nd option (no reset) is preferred for the following reasons:
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 additional RLC entity will be ineffective and will consume UE power unnecessarily.
For split bearer, whenever the data available for transmission is below the threshold, the UE sends data via the default (original) RLC entity without resetting the other RLC entity. Keeping both split and duplicated behaviors the same when falling back to the original leg increases the commonalities between both models thus reduces both the specification and implementation efforts.
One issue raised in favor of resetting the additional RLC is that upon re-activation, previously pending 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 additional leg or for other reason (e.g. the channel in the additional original leg has become sufficient to provide the required reliability). In the latter case, the channel in the additional leg is not a bottleneck and should allow sending the remaining pending RLC SDUs quickly. In the former case, it is expected that the duplication would be re-activated if the additional leg is worth using again, channel-wise. Then similarly, while the channel quality has come back to an operable state, the remaining pending RLC SDUs in the additional leg should have been transmitted successfully. In both cases, upon re-activation, the additional RLC entity just sees new SDUs coming in its buffer and can resume quickly, without the need for re-establishment. Further improvements can be considered as follows:
· The buffer management methods discussed in [3] can be used to discard the successfully received PDUs on the original leg, still pending in the additional RLC entity’s SDU buffer. Therefore, the SDU buffer of the additional RLC entity gets emptied via either PDU discards or normal transmissions.
· The transmitting RLC entity can discard the pending RLC SDUs except, in AM, those that have already been sent but not ACK’ed yet (see Figure 2). This further minimizes the amount of leftover RLC SDUs to transmit. 
Proposal 4: Duplication de-activation/re-activation by MAC does not reset/re-establish the additional RLC entity.
Proposal 5: Upon duplication de-activation by MAC, the additional RLC entity can discard the pending RLC SDUs in its transmission buffer except, in AM, those that have already been sent but not ACK’ed yet.
For carrier aggregation, it was agreed that after the duplication is deactivated, the logical channel to carrier mapping restriction is not applied. Therefore with proposal 4 we have two options:
· Option A: CC restriction is released immediately
· Option B: CC restriction is released only after the RLC buffer of the additional leg has emptied
With option A, the leftover SDUs duplicated in the additional leg may fly over the same CC as the original data. Option B is cleaner from this perspective, but is more complex. Given the main purpose of not resetting the RLC is to minimize the complexity, we don’t see that breaking the rule of sending duplicates in different CCs for a very short period of time is an issue, given the duplication is deactivated anyway. Therefore we prefer option A. 
Proposal 6: In CA, upon duplication de-activation by MAC, CC restriction is released immediately.
Figure 2 shows the resulting duplication model when duplication is deactivated: the PDCP delivers PDCP PDUs to the original RLC entity buffer only. RLC on the additional leg delivers leftover pending data to MAC based on received UL grants from CG of additional leg in DC, and from either CC1 or CC2 in CA.



[bookmark: _Ref490062455]Figure 2: Bearer type model for duplication, when deactivated, DC (left) and CA (right) 
BSR reporting:
When duplication is deactivated, a duplicated bearer can re-use the legacy split bearer threshold-based trigger for BSR reporting, where threshold is set to infinity.
Proposal 7: For BSR reporting, a duplicated bearer, when deactivated, can re-use the legacy split bearer threshold-based trigger, where threshold is set to infinity.
Unified bearer type model for duplication and split
In the above sections, we have shown that the duplicated bearer model has same or very close procedures regarding original/additional leg configuration, BSR reporting (LCG based) and RLC behavior upon fallback/comeback to single/both legs as the existing split bearer type. Therefore, to minimize both the specification and implementation efforts, we propose to specify both bearer types under the split bearer type umbrella. 
Proposal 8: Both (legacy) split and duplicated bearers are modeled as two variants of the generic split bearer, namely split bearer with aggregation and split bearer with duplication.   
Conclusion
In this contribution, we analyze some of the leftover issues of the duplication feature and show the commonalities with the split bearer procedures. Our conclusions result in the following proposals:
Proposal 1: Upon duplication activation by MAC, all pending data for transmission of the relevant logical channels start being duplicated, including all newly produced PDCP PDUs, but also all pending RLC SDUs of the original RLC entity including, for AM mode, transmitted but not yet ACK’ed PDUs.
Proposal 2: Same as DC duplication and split bearer, in CA, the duplicated logical channels of one radio bearer are mapped onto different LCGs.
Proposal 3: For BSR reporting, a duplicated bearer, when activated, can re-use the legacy split bearer threshold-based trigger, where threshold is set to zero and where early delivered/pre-processed RLC SDUs are only accounted as data available for transmission in their respective LCG.
Proposal 4: Duplication de-activation/re-activation by MAC does not reset/re-establish the additional RLC entity.
Proposal 5: Upon duplication de-activation by MAC, the additional RLC entity can discard the pending RLC SDUs in its transmission buffer except, in AM, those that have already been sent but not ACK’ed yet.
Proposal 6: In CA, upon duplication de-activation by MAC, CC restriction is released immediately.
Proposal 7: For BSR reporting, a duplicated bearer, when deactivated, can re-use the legacy split bearer threshold-based trigger, where threshold is set to infinity.
Proposal 8: Both (legacy) split and duplicated bearers are modeled as two variants of the generic split bearer, namely split bearer with aggregation and split bearer with duplication. 
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