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1 Introduction

During last RAN2 98# meeting, regarding the packet duplication, it was agreed that: 

Agreements

1
UL PDCP duplication is configurable per DRB and, for NR-NR DC case, per SRB.
FFS whether the initial state of the UL PDCP duplication (duplication active or not active and if not active which leg is used) is a default or whether the initial state can be signalled by RRC

2
RAN2 will attempt to define at least one mechanism to start/stop PDCP duplication more quickly and with less signalling overhead compared to RRC reconfiguration.

Agreement

=>
MAC CE approach will be used for control of UL duplication. Optimisations to reliability of the MAC CE will not be introduced for this mechanism. No optimisations or additional interactions between network nodes are introduced for this mechanism.
Agreements for duplication in CA case

1
Duplication on a single carrier will not be supported

2
RRC configured mapping of the 2 duplicate LCHs to different carriers will be supported (One carrier cannot have both of the duplicate LCHs mapped to it)

3
Duplicated PDCP PDUs are submitted to two different RLC entities

This contribution discussion mainly discusses the impact of duplication function to MAC.
2 Discussion
In CA case, the duplication has the following protocol as shown in Figure 1. It was agreed in RAN2 #97bis that RRC configures PDCP for duplication and the radio protocol of the UE with separate RLC entities (2 logical channels) to handle duplicates. It was also agreed the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same transport block and not on the same carrier. 
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Figure 1 duplication protocol for CA
In order to enable the MAC entity to distinguish the original data and duplicated data from two logical channels associating to a single PDCP, some mapping restrictions are required. Based on our understanding, there could be two options for the mapping:
· Option 1: configure a flag for each logical channel to allow/forbid scheduling on a carrier or a group of carriers. The parameter is similar with “LAA-allowed” flag which has been standardized for uplink LAA in release 14 to prevent certain logical channel to use a unlicensed band. The flag could be a bitmap so that a group of carriers can be indicated. For example, if there are 16 carriers aggregated, a 16 bitmap can be used per logical channel for duplication, with each bit representing the allowable/prohibitive usage on a certain carrier. It is noted that the allowable carriers for those two duplicated LCHs associated to the same PDCP should not be the same. This option provides a explicit mapping between logical channel and carrier, so that the MAC entity can schedule the logical channel based on the carrier of the received uplink grant. However, the usage of carriers is restricted by the configuration, for example, in the figure LCH b can never use the carriers associated with LCH a.
· Option 2: configure the peer LCH ID for the logical channel, for example, for LCH a in the Figure 1, the LCH ID of LCH b is configure and vice versa. This configuration allows the MAC to distinguish which two logical channels are associated to the same PDCP with duplication, it’s up to the MAC to schedule the original data and duplicated data to different carriers. For this option, there are no restrictions for the logical channels on the usage of the available carriers, so that all the logical channel can fully use the carriers for transmission. However, this is a risk that when each time only one uplink grant is received, the UE MAC entity will keep scheduling the same logical channel from the two duplicated logical channels. 
Compared with these two options, option 1 provides an explicit mapping between logical channel and carriers. Though the usage of carrier for the logical channel is restricted, the impact to MAC is minimized. For option 2 MAC entity is able to distinguish the two logical channels associating to the same PDCP with duplicated data, so that the duplicated data can be scheduled on different carriers. However, it’s more complex for the MAC scheduler, for example, some mechanism may be needed to prevent the MAC to over-schedule the data one logical channel. 
Proposal 1 A flag to explicitly indicate which carriers are allowed per duplicated logical channel should be introduced.
Proposal 2 The indicated carriers for the two logical channels associating to the same PDCP with duplication should not be overlapped.

No matter which restriction options are adopted, there are impacts to the MAC. 
Firstly, for the impact of duplication to LCP, it has already been broadly discussed the impact of numerologies to the LCP, in which the logical channels are not allowed to be scheduled on the uplink grant if there is a mapping restriction between those logical channels and numerologies. The impact is similar for the duplication case, for the uplink grant in a certain carrier, if the logical channel with duplication data has the mapping restriction to the carrier, it’s not allowed to be scheduled on the uplink grant. Therefore, there should be two filters for the logical channels which are allowed to be scheduled for a given uplink grant. The first one is to filter the logical channels which does not match to the numerology of the uplink grant resource according to the mapping between logical channel and numerology. The second one is to filter the logical channels which are not allowed to be scheduled on the carrier of the uplink grant based on the restriction of the logical channel and the carrier.
Proposal 3 The LCP should consider two filters, one is to filter the LCs not matching the numerology of the grant, and the other is to filter the LCs not matching the carrier of the grant.
For the impact to the SR and BSR, the duplicated data can be regarded as the regular new data, thus no new BSR trigger should be introduced. Also, since the network controls the activation/deactivation of the duplication, the network can expect more data becomes available when duplication is activated. No new SR enhancements are needed for the packet duplication.
Proposal 4 The LTE BSR and SR trigger mechanism can be used for the packet duplication transmission, no enhancements are needed.
For activation and deactivation of the packet duplication, it was agreed that the MAC CE will be used for the control of uplink duplication. Firstly, since the uplink duplication is configured per DRB, the MAC CE should at least inform UE which DRB is activated or deactivated. The DRB ID could be included in the MAC CE or a bitmap corresponding to all the DRBs (configured with duplication) can be introduced. Secondly, for deactivation of uplink duplication, the gNB should at least inform the UE which logical channel should be deactivated for packet duplication transmission, otherwise, the UE will randomly select a logical channel to transmit the data. 
Proposal 5 The activation/deactivation of packet duplication, MAC CE should contain a bitmap corresponding to all the DRB configured with duplication.
Proposal 6 For deactivation MAC CE, the logical channel ID to be deactivated should be at least contained.

3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
A flag to explicitly indicate which carriers are allowed per duplicated logical channel should be introduced.
Proposal 2
The indicated carriers for the two logical channels associating to the same PDCP with duplication should not be overlapped.
Proposal 3
The LCP should consider two filters, one is to filter the LCs not matching the numerology of the grant, and the other is to filter the LCs not matching the carrier of the grant.
Proposal 4
The LTE BSR and SR trigger mechanism can be used for the packet duplication transmission, no enhancements are needed.
Proposal 5
The activation/deactivation of packet duplication, MAC CE should contain a bitmap corresponding to all the DRB configured with duplication.
Proposal 6
For deactivation MAC CE, the logical channel ID to be deactivated should be at least contained.
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