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[bookmark: _Ref473737512]Introduction
In RAN2 Ad Hoc meeting on NR, the following agreements were made about packet duplication in support of URLLC:
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.

Agreements
1	RLC retransmission (ARQ) is not assumed to be used for meeting the strict user plane latency requirements of URLLC .
2	RAN2 will study redundancy schemes operating below PDCP in CA scenarios for the purpose of meeting the reliability/latency requirements of URLLC. Study should consider the performance of the underlying Phy layer.

This contribution addresses the above highlighted agreement, providing some preliminary analysis on the various options for supporting packet duplication in MAC, in CA-like scenario.
Discussion
MAC duplication means sending the same transport block (TB) across different legs, potentially using different MCS and redundancy versions. In the simplest form, separate HARQ functions operate in each leg, as in CA. The TB would be decoded and HARQ’ed independently, which calls for a duplication detection mechanism in MAC receiver. Another option is to leave upper layers handling the duplication detection.
But some improvements can also be considered including e.g. blind retransmissions, parallel sending of different redundancy versions, same/different HARQ process, etc as suggested in [1]. However, unlike above, in this case the different transmissions of the same TB are received and combined by the same HARQ function.
Observation 1: Packet duplication in MAC can be above the HARQ function (one function per leg) or at the HARQ function level (single function for sending and combining the different redundancy versions).
Observation 2: Packet duplication in MAC above the HARQ function (one function per leg) requires a duplication detection function either in MAC, or in higher layers.
Moreover, different scenarios/deployments e.g. low frequency (LF) vs high frequency (HF) may bring different constraints and call for different solutions. We address these different cases in the sequel and assess the different options for each.
Packet duplication across TRPs in LF deployments
The essential principle of duplicating a packet across multiple legs is to increase the probability to receive it correctly since it is received multiple times by different receivers. In low-frequency deployment, it is left to implementation on the UL side to receive a single UL transmission from multiple TRPs in a joint-reception scheme. Therefore, in its simplest form, packet duplication in UL can be left to network implementation in LF deployment.
Observation 3: In LF deployments, in its simplest form, UL packet duplication can be left to network implementation by configuring different TRPs for receiving the same UL transmission from a UE.
Unlike in UL, in DL some minimum specification is needed to let a UE know that it receives the same TB from different TRPs at (or close to) the same time. In addition as mentioned above, the network could, similar to HARQ retransmissions over time, proactively send simultaneously multiple redundancy versions of the same transport block across different legs [1], which can help securing the successful transmission at the first try, thus reducing the latency. Some further specification is needed though to let a UE know that it receives different redundancy versions of the same TB from different legs so that it can combine them. HARQ processes design might also need to be improved in support of this flexibility.
Observation 4: In LF deployments, DL packet duplication at MAC requires some specification to let UE know a same TB is transmitted from different TRPs with potentially different redundancy versions.
[bookmark: _Ref473833964]Packet duplication across TRPs in HF deployments
CA was initially introduced to increase the total available system bandwidth, but operating in HF, we already benefit of a large bandwidth per carrier. On the other hand the HF link reliability has become preponderant now, so there is still a general trend to provision connection to multiple links, e.g. beams. Indeed, an important new function in the physical layer and MAC scheduler is the “beam management” function intensively discussed in RAN1. And in this context, the main focus is to always schedule the UE on the best available beam, but not necessarily mandating simultaneous transmissions across beams. This is due to the fact that a UE might not have the capability to transmit/receive on/from multiple beams simultaneously, e.g. if it implements analog beam forming only. So this looks more like beam switching rather than joint beam transmission. On the other hand, if the UE is not power limited and supports hybrid BF, it could still transmit simultaneously across its best two beams (e.g. towards different TRPs). But this is left to RAN1 design. In any case, unlike in LF, UL reception of duplicated TBs over different beams in not left to network implementation since the UE must be told which Tx BF to apply.
Another difference with the LF deployment is the different type of channel where HF links are primarily characterized by the blockage behavior cause by any obstacle to the LoS path of the beam, including self-blockage regions (i.e. human/hand holding the UE) resulting in sudden and steep signal losses of typically 30 dB. Therefore, in that case, sending redundancy versions for coherent combining (chase or IR) will not help because the broken leg will just add noise.
Observation 3: In HF deployments, simultaneous packet duplication across beams might be difficult to achieve.
Observation 4: In HF deployments, sending multiple redundancy versions of the same packet across beams is not expected to bring benefit over simple duplication in blockage situation.
Packet duplication and UL grant-free transmissions
In RAN1#87, the following agreement was reached in support of UL grant-free transmission for URLLC. 
Agreements:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 
· FFS: resource configuration details
· FFS other details of design

One possible usage of UL grant-free transmissions in support of URLLC services is to allow the UE to dynamically switch between HARQ retransmission based on gNB feedback and UE autonomous retransmission. In this method, studied in RAN1, UE autonomously retransmits on time-frequency resources pre-configured by gNB. It is based on a single link, but can be extended to apply to multi-leg operation. Indeed, the above proposes autonomous (grant-free) retransmission in time, while with packet duplication in MAC we are talking about proactively sending the retransmission at the same time as the initial transmission but on a different leg. As discussed in Section 2.2, strict simultaneous transmission might not be possible in HF beams. On the other hand, close-to simultaneous transmission can be sufficient, delay-wise to meet the URLLC requirements. So the above autonomous retransmission scheme can be configured so that the UE sends the autonomous retransmission right after the first transmission, thus making it very close to a simultaneous transmission of different redundancy versions. But UE should also be configured to send the autonomous retransmission towards another beam. In other words, the UE’s pre-configured semi-static periodic time-frequency resources for grant-free transmissions should be provisioned over multiple beams.
From the above, it appears that, rather than specifying separate procedures that would anyway both come in support of URLLC transmissions, the UL (grant-free) autonomous retransmission procedure in MAC can be extended to provide a framework also including the functionality of packet duplication across legs. 
Proposal 1: The UL packet duplication in MAC should be studied as part of the UL (grant-free) autonomous HARQ retransmission procedure.
Conclusion
This contribution provides some preliminary analysis on the various options for supporting packet duplication in MAC, resulting in the following observations and proposal:
Observation 1: Packet duplication in MAC can be above the HARQ function (one HARQ per leg) or at the HARQ function level (single HARQ for sending and combining the different redundancy versions).
Observation 2: Packet duplication in MAC above the HARQ function (one HARQ per leg) requires a duplication detection function either in MAC, or in higher layers.
Observation 3: In HF deployments, simultaneous packet duplication across beams might be difficult to achieve.
Observation 4: In HF deployments, sending multiple redundancy versions of the same packet across beams is not expected to bring benefit over simple duplication in blockage situation.
Proposal 1: The UL packet duplication in MAC should be studied as part of the UL (grant-free) autonomous HARQ retransmission procedure.
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