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[bookmark: _Ref483927698]Introduction
So far, packet duplication has been treated mainly as stage 2 topic the outcome of which is captured in the stage 2 TS as follows:
“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. When doing so, the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same carrier. The two different logical channels can either belong to the same MAC entity (CA) or to different ones (DC). In the former case, logical channel mapping restrictions are used in MAC to ensure that the logical channel carrying the original PDCP PDUs and logical channel carrying the corresponding duplicates are not sent on the same carrier. Once configured for a radio bearer, duplication can be activated and de-activated by means of a MAC control element.
FFS whether RRC can configure the initial state of duplication.”
In our contribution [1] we analyze the next level of stage 2 details and provide some proposals regarding duplication configuration and activation/de-activation.  In this contribution, we further address the impact of the above decisions and proposals on the MAC sub-layer, specifically for the activation/de-activation MAC CE, the LCP, SR, and BSR.
Discussion
Duplication activation/de-activation MAC CE
As elaborated in [1], our view is that there is no need to control the duplication activation/de-activation at radio bearer level in MAC signaling, but UE-level is sufficient. The duplication mode could be configured by RRC signaling. Therefore the MAC control element does not need to include the LCID of the original logical channel of the duplication pair. Therefore, the MAC CE used for duplication activation/de-activation can have a fixed-size of 0 bits and is identified by a MAC sub-header with specified LCID.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: The duplication activation/deactivation MAC CE has a fixed size of zero bits and is identified by a MAC sub-header with specific LCID.
In DC, the duplication activation/deactivation MAC CE could be sent by either MCG MAC or SCG MAC. However, allowing both will require tight coordination between MCG and SCG, otherwise may lead to contradictory commands to the UE. Therefore, we think a simple and safe approach is to restrict the activation/de-activation control to one CG only. Since the activation primarily depends on the status of the original leg, it also makes sense that the activation is issued via this leg.
In [1], we propose that for MCG split bearer the original leg is mapped onto the MCG MAC, and for SCG split bearer the original leg is mapped onto the SCG MAC. As a consequence:
Proposal 2: In DC, for MCG split bearer and SCG split bearer, the duplication activation/de-activation MAC CE is sent from the MCG and SCG respectively.
[bookmark: _Ref484781638]LCP
When packet duplication is configured in DC, it is transparent to the LCP since each MAC only has visibility to one of the duplication logical channels and RLC entities, either the original or additional ones.
When packet duplication is configured in CA, RRC configures each logical channel with CC restriction: the two different logical channels are mapped via a bitmap onto disjoint CC sets thus providing a static CC separation of the duplicated PDUs [1]. Hence, when processing an UL grant for a specific CC, the LCP selects as the pool of logical channel candidates for data allocation:
1. Logical channels not belonging to any duplication pair
2. For those logical channels belonging to a duplication pair, only the logical channels mapped onto the CC associated with the UL grant
Proposal 3: When processing an UL grant for a specific CC in CA, the LCP selects as the pool of logical channel candidates for data allocation:
1. Logical channels not belonging to any duplication pair
2. For those logical channels belonging to a duplication pair, only the logical channels mapped onto the CC associated with the UL grant
BSR
1.1.1 Trigger
Whenever duplication is activated, the data amount of the duplicated leg should be indicated via BSR to the network as soon as possible. Since the duplicated LCH is not always with the highest priority, the current BSR trigger cannot cover this duplication case. In [2], this is also taken into consideration by making any duplication activation a BSR trigger. However, we think it is not sufficient to limit it to the activation event. For example, during duplication operation, in case the fast leg is empty and the slow leg still has RLC SDUs in its buffer, any new data arrival for this DRB will not trigger a BSR in the fast leg, which is not desirable since duplication is usually used for DRBs with critical latency and reliability requirement. Therefore, a simple solution is to keep the LTE legacy BSR trigger as a baseline rule but to allow some configured LCHs to NOT follow the rule regarding the trigger conditioned to other LCHs’ priorities. Thus this solution is also more generic and flexible in that it may also apply to non-duplicated bearers.
[bookmark: _GoBack]Proposal 4: Data arrival of a logical channel with equal or lower priority as other logical channels is introduced as a new BSR trigger condition in NR and the gNB can configure which logical channel supports this new BSR trigger explicitly.
1.1.2 Reporting
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 both buffer statuses in their respective LCG’s BSR and reports them separately to the MgNB and SgNB. Similarly, in CA the duplicated logical channels of one RB should be mapped onto two different LCGs in order to distinguish them.
Proposal 5:  In CA, the duplicated logical channels of one radio bearer should be mapped onto different LCGs.
Moreover, it was agreed in RAN2#97bis meeting that packet duplication in CA should be handled by a single MAC. Therefore, a single BSR should be sent to the peer MAC entity, but including both buffer statuses, packed together in the same MAC CE. This has the benefit of providing to the network an instant picture of both buffer statuses in both legs, allowing e.g. tracking any imbalance across legs.
For the BSR of duplicate LCHs, it can be questioned whether, in CA, the single BSR should be duplicated to increase its reliability, as are the PDCP PDUs. However, this raises several issues:
1. Duplication is only supported in PDCP so far, while BSR is added at MAC layer.
2. Since BSRs delivered at different times may have different content, BSR duplication would require that UE receives two simultaneous grants for the two CC sets associated with the original and additional logical channels, which imposes scheduler restrictions.
3. Both BSRs may take very different times to get to the gNB MAC, and the late BSR will necessarily be outdated and so bring confusion to the gNB scheduler.
Proposal 6: For duplicated bearers in CA, a single BSR should be reported in only one CC.
The next question is: which CC set amongst the two disjoint CC sets configured for the duplication should UE choose to send the BSR? There can be several criterions for this selection: 
1. At the earliest SR/UL grant occasion
2. In the fastest leg measured so far
3. In the additional leg in case of activation
4. Other criterions…
In our view this can be left to UE implementation.
Proposal 7: For duplicated bearers in CA, which CC set UE chooses to send the BSR amongst the two disjoint CC sets configured for the duplication is left to UE implementation.
SR
Any BSR triggered by a duplicated logical channel triggers a scheduling request, as any other BSR, if the UE does not already have a grant. Similar to the BSR, in CA, an SR transmission preceding a BSR triggered by a duplicated radio bearer can be sent in any of the disjoint CC sets configured for the duplication. And similar to the BSR, our view is that in which CC set to send the SR is left to UE implementation.
Proposal 8: For duplicated bearers in CA, which CC set UE chooses to send the SR amongst the two disjoint CC sets configured for the duplication is left to UE implementation.
Moreover, upon SR reception from any CC from the two CC sets, the network may choose to allocate the corresponding UL grant to carry the BSR in any of the two CC sets. This leaves the flexibility for the network to choose its best UL CC set to carry the BSR.
Proposal 9: For duplicated bearers in CA, an UL grant in response to an SR can be provided for a different leg than the leg the SR was sent on.

Conclusion
In this contribution, we analyze stage-3 impacts of the packet duplication feature on the MAC sub-layer. Our proposals result as follows:
Proposal 1: The duplication activation/deactivation MAC CE has a fixed size of zero bits and is identified by a MAC sub-header with specific LCID.
Proposal 2: In DC, for MCG split bearer and SCG split bearer, the duplication activation/de-activation MAC CE is sent from the MCG and SCG respectively.
Proposal 3: When processing an UL grant for a specific CC in CA, the LCP selects as the pool of logical channel candidates for data allocation:
1. Logical channels not belonging to any duplication pair
2. For those logical channels belonging to a duplication pair, only the logical channels mapped onto the CC associated with the UL grant
Proposal 4: Data arrival of a logical channel with equal or lower priority as other logical channels is introduced as a new BSR trigger condition in NR and the gNB can configure which logical channel supports this new BSR trigger explicitly.
Proposal 5:  In CA, the duplicated logical channels of one radio bearer should be mapped onto different LCGs.
Proposal 6: For duplicated bearers in CA, a single BSR should be reported in only one CC.
Proposal 7: For duplicated bearers in CA, which CC set UE chooses to send the BSR amongst the two disjoint CC sets configured for the duplication is left to UE implementation.
Proposal 8: For duplicated bearers in CA, which CC set UE chooses to send the SR amongst the two disjoint CC sets configured for the duplication is left to UE implementation.
Proposal 9: For duplicated bearers in CA, an UL grant in response to an SR can be provided for a different leg than the leg the SR was sent on.
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