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Introduction
During the NR study item, the following agreements were made at RAN2 NR adhoc meeting regarding packet duplication in multi-connectivity configuration:
Agreements:
1:  Packet duplication is supported for user plane and control plane in NR-PDCP (This agreement does not preclude discussion of other mechanisms to improve mobility robustness)
FFS whether packet duplication should also be supported for LTE-NR dual connectivity
2  The PDCP function in the transmitter supports packet duplication and the PDCP function in the receiver supports duplicate packet removal.

Then, in RAN2#97, this was complemented with the following agreement for CA:
Agreement :
-	For DL and UL, duplication solution for CA case uses PDCP duplication to more than 1 logical channel so that the duplicated PDCP PDUs are sent over different carriers.
FFS whether this is a single or two MAC entities

In this contribution, we study the next level of definition of the duplication function in NR, and address the above highlighted FFS.
Discussion
The above agreements lead to the two baseline architectures shown in Figure 1 for NR UP stack in support bearer duplication:
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[bookmark: _Ref478127483]Figure 1: Packet duplication in NR
Although Figure 1 shows a single MAC for CA, it was questioned whether a dual MAC architecture could better address the bearer duplication feature for CA. We answer this question in Section 2.1.
Moreover, further aspects of this new feature also need to be analyzed, such as:
- How to configure;
- Impact on the BSR calculation and reporting principle;
- RLC buffer management;
We also address these questions in Sections 2.2, 2.3, and 2.4 respectively. 
[bookmark: _Ref478127661]Single or dual MAC for duplication in CA?
A dual MAC approach can be attractive as it brings a lot of commonalities with duplication in DC, so, at first glance, could simplify the specification work. However, it also raises some issues:
· If non-duplicated bearers are also distributed to both MACs, there will need to specify a distribution rule above MAC, resulting in a unavoidable spectral efficiency loss compared with legacy single MAC.
· If the additional MAC is only used for the additional logical channel, it is simpler but also results in inefficiency since these packets will require dedicated MAC PDUs and cannot be multiplexed with other (non-duplicated) SDUs transmitted on the same CC. This additional MAC would also need to be dynamically instantiated as soon as one bearer is duplicated, and released otherwise.
· Dual MAC would call for independent SR, BSR and LCP, and associated unnecessary signaling overhead.
On the other hand, in NR CA, the logical channel and the CC/numerology mapping is configurable in MAC. Therefore, we can similarly, for duplication with single MAC, reuse the configured mapping/linkage between logical channel and CC/numerology concept, and keep the legacy CA architecture unchanged. 
Proposal 1: A single MAC configuration should be supported for packet duplication in CA architecture.
[bookmark: _Ref478127835]Configuration
The duplication function is expected to be configured at RB level, since UE level does not make sense and flow level would require the function to be located above PDCP, which is not supported by the agreements so far. Then the question is how to enable/disable the duplication? There are three options:
· RRC signaling: semi-static
· MAC signaling: dynamic
· Mix of RRC and MAC signaling
MAC-only signaling would keep the duplication transparent from RRC, which does not look realistic, since the feature should be initialized and configured based on system level parameters above MAC (e.g. RRM level). On the other hand, this feature comes primarily in support of URLLC services by providing enhanced latency and reliability performance, specifically in HF deployments [1]. Therefore, a dynamic control by MAC based on some radio link quality information from e.g. beam management or other information can be well suited to control the activation/de-activation of the feature, while avoiding a semi-static only configuration leading to potential waste of resources when duplication is not needed. As a result we propose that a radio bearer can be RRC configured to support the duplication feature but the activation/de-activation can be MAC-controlled.
Proposal 2: A radio bearer can be RRC configured to support the duplication feature but the activation/de-activation can be MAC-controlled.
[bookmark: _Ref478127837]Buffer Status Report
Assumptions
We assume that a DRB (e.g. DRB1) is mapped onto two logical channels LCH1 and LCH2 for duplication. From the earlier agreements this applies to both DC and CA as follows:
1/ CA: LCH1 and LCH2 are mapped onto CC1 and CC2 respectively
2/ DC: LCH1 and LCH2 are mapped onto MgNB and SgNB’s MACs, respectively 

BS calculation:
Irrespective of AM, UM, CA, DC: 
BS1: data amount for LCH1= DRB1 in PDCP + LCH1 in RLC
BS2: data amount for LCH2= DRB1 in PDCP + LCH2 in RLC
Note this corresponds to legacy calculation in DC with ul-DataSplitThreshold set to zero.

BSR content:
Reusing the current LTE BSR format and mechanism, then, for both AM and UM: 
1) In CA, even though there is a single MAC, it is beneficial that the UL scheduler is aware of the buffer status associated with each CC so as to provide CC-appropriate grants. Therefore we suggest that one BSR can include both BS1 and BS2. We can assume LCH1 and LCH2 belong to LCG1 and LCG2, where the two logical channel groups would be configured as:
- LCG1 = all LCH1’s from all duplicated RBs and;
- LCG2 = all LCH2’s from all duplicated RBs

2) In DC, UE reports the BS1 and BS2 in the LCG’s BSR and reports it to the MgNB and SgNB.
- LCH1 and LCH2 are necessarily in different LCGs in that case. 

BSR trigger:
The legacy LTE trigger based on BS1 and BS2 thresholds for LCG1 and LCG2 respectively should be reused as baseline.
Proposal 3: For duplicated bearers in DC, the legacy BSR scheme can be reused with DataSplitThreshold set to zero.
Proposal 4: For duplicated bearers in CA, one single BSR includes both buffer status associated with both CCs.
Proposal 5: The legacy LTE triggers should be reused as baseline.
[bookmark: _Ref478127840]Slow leg overflow
Buffer management will be needed at the transmitter to avoid buffer overflow when one leg works fine and the other is stuck. Indeed, even in the single MAC CA case, the LCP will address both logical channels of the duplicated bearer independently. As a result, a “working fine” leg continuously calls for new data which, being duplicated, ends-up overflowing the other leg, which is “slow”. Note that only in duplication case, a “working leg” will be pulling PDCP SDUs into PDUs in RLC SDU buffers of both legs. In split case, the working leg pulls PDCP SDUs into PDUs in its own RLC buffer only. If the other leg does not get grants, it won’t pull any PDCP SDU in its RLC SDU buffer.
Some kind of flow control could address this situation, however, the purpose of duplication precisely is to allow faster transmission of packets, so it would be counterproductive to control the incoming flow based on the slowest leg. Instead, a solution should solve this by letting transmitting RLCs from each leg be aware of the successful PDCP PDU receptions thus allowing periodically discarding packets in their buffers that made it on the other leg. In AM mode, this can be done via cross-layer interaction, which can be left to UE implementation. In UM mode, some similar mechanism can be envisioned where PDCP Rx can feedback status reports (either periodical or following polling from PDCP Tx) so as to allow PDCP Tx notifying RLC Tx of received PDUs.
Proposal 6: PDCP feedback should be studied in support of RLC buffer management with duplicated bearers.
Conclusion
In this contribution, we addressed the next level of definition of the duplication feature, resulting in the following proposals:
Proposal 1: A single MAC configuration should be supported for packet duplication in CA architecture.
Proposal 2: A radio bearer can be RRC configured to support the duplication feature but the activation/de-activation can be MAC-controlled.
Proposal 3: For duplicated bearers in DC, the legacy BSR scheme can be reused with DataSplitThreshold set to zero.
Proposal 4: For duplicated bearers in CA, one single BSR includes both buffer status associated with both CCs.
Proposal 5: The legacy LTE triggers should be reused as baseline.
Proposal 6: PDCP feedback should be studied in support of RLC buffer management with duplicated bearers.
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