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Discussion and Decision
1      Introduction
In the last RAN 2 meeting, it was agreed to study multi-connectivity for achieving the reliability requirements for URLLC. 

	3: Multi-connectivity (e.g. with packet duplication, link selection) should be studied for achieving the reliability requirements for URLLC.


In this contribution, we further discuss using multi-connectivity to perform packet duplication for the UL in CA and DC scenarios based on the assumption that the SR-based UL transmission scheme (which may be enhanced) and/or the SPS based UL transmission scheme is used for URLLC.

2      Discussion
2.1     DC deployment

In LTE DC, the UE is configured with two MAC entities: one MAC entity for MeNB and one MAC entity for SeNB. In the UL split bearer case, UE is configured to transmit UL PDCP PDUs of a DRB over the associated logical channel in either the MCG or SCG. PDCP indicates data availability for transmission to the both MAC entities configured for SCG and MCG if data availability for transmissions is above a certain RRC configured threshold. As PDCP layer can detect PDCP PDU duplication, any duplication can be removed at the PDCP RX.

In the case of URLLC in NR, the PDCP entity of the radio bearer can coordinate the transmission of the UL PDCP PDU towards the SCG and MCG by indicating the data availability of the same UL PDCP SDU in the BSR to both MCG and SCG (i.e. similar to setting the threshold to 0 or disabling the threshold) and by transmitting the PDUs of the same PDCP SDU in both the logical channel of the MCG and SCG. The TX PDCP entity can maintain the data availability for the MCG and the SCG separately (e.g. by maintaining separate PDCP SDU buffers for MCG and SCG, or by maintaining separate available or unavailable indications corresponding to SDUs in the same buffer). Whether to allow for such duplication and the number of duplications should be configurable via RRC signalling per radio bearer. 

The rest of the BSR procedure and SR trigger can be similar as in normal operation without packet duplication since they are separately triggered by the MAC entities for MCG and SCG on the UE side. From the LCP aspect, it is assumed that the URLLC logical channel will be configured to be highest priority (or at least higher than other traffic channel). The LCP will prioritise the URLLC logical channel when generating and sending the MAC PDU to the lower layers for the UL grant (configured or dynamic) corresponding to the numerology configured for the URLLC logical channel. 

It is noted that in order to reduce delay, grant-less transmission may be used for URLLC data transmission. In this case, we can assume that uplink grant is already configured similar to SPS operation and BSR/SR reporting can be skipped. 

Proposal 1: In DC deployment case, TX PDCP entity of the radio bearer associated with URLLC can be configured to perform packet duplication.

Proposal 2: To enable packet duplication at the TX PDCP entity, the data availability for the MCG and the SCG should be maintained separately (e.g. by maintaining separate PDCP SDU buffers for MCG and SCG, or by maintaining separate available or unavailable indications corresponding to SDUs in the same buffer).

Proposal 3: The TX PDCP entity that is configured to perform packet duplication should always indicate data availability to both the MAC entities configured for SCG and MCG, irrespective of the buffer status threshold. 
2.2     CA deployment
In the case of CA, the TX PDCP entity cannot coordinate the transmission of the UL PDCP PDUs towards the SCG and MCG since there is only one logical channel. MAC will have to transmit the RLC PDUs (i.e. MAC SDUs) from the logical channel that require packet duplication on separate configured serving cell (i.e. MAC performs the packet duplication). Enabling such duplication for a radio bearer/logical channel and the number of duplications are dependent on configuration similar to DC case. 

If uplink grant is needed, the UE should be able to indicate to the eNB either in the SR or the BSR that it has data available on URLLC in the UL. This can be done via enhancing the dedicated SR to include the URLLC buffer status or via using the LCG in the BSR. Upon receiving the enhanced SR or the BSR with the LCG belonging to URLLC, the eNB attempts to allocate UL grant in more than one serving cells (i.e. the eNB should schedule the UL grant on separate serving cells to enable packet duplication at the MAC). In this manner, eNB can control how the packet duplication is distributed over the serving cells.
Upon receiving an UL grant for new transmission where it enables packet duplication at the MAC layer in multiple serving cells or based on configured uplink grant, the logical channel(s) that require MAC SDU duplication have higher priority than other logical channels that do not require duplication. The number of duplications can be controlled by the eNB via UL grant(s) received in the L1 signalling for the serving cells that will send the MAC PDU containing the duplicated MAC SDU(s). When a UL grant specifically for such logical channel where packet duplication is needed (e.g. via signalling the LCG or other L1 signalling in the L1 control channel) is received, the LCP prioritises the MAC SDUs from the logical channels requiring duplication when multiplexing different logical channels. For example, the logical channels that require MAC SDU duplication are given priority to transmit on such UL grant before the logical channels that do not need duplication.
Proposal 4: In CA deployment case, the MAC entity has to send the same MAC SDU across multiple serving cells for logical channel configured to perform packet duplication.

Proposal 5: eNB should be informed either in the SR or the BSR that it has data availability from logical channels that require packet duplication (e.g. using LCG). eNB controls how the packet duplication is distributed over the serving cells based on the provided UL grants.
Proposal 6: The number of duplications is controlled by the eNB via UL grant(s) received in the L1 signalling for the serving cells that will send the MAC PDU containing the duplicated MAC SDU(s). 
Proposal 7: When a UL grant for packet duplication is received, the LCP prioritises the MAC SDUs from the logical channels requiring duplication when multiplexing different logical channels. 
3      Conclusion
In this contribution, we consider the packet duplication in DC and CA deployment and have the following observations and proposals:

Proposal 1: In DC deployment case, TX PDCP entity of the radio bearer associated with URLLC can be configured to perform packet duplication.

Proposal 2: To enable packet duplication at the TX PDCP entity, the data availability for the MCG and the SCG should be maintained separately (e.g. by maintaining separate PDCP SDU buffers for MCG and SCG, or by maintaining separate available or unavailable indications corresponding to SDUs in the same buffer).

Proposal 3: The TX PDCP entity that is configured to perform packet duplication should always indicate data availability to both the MAC entities configured for SCG and MCG, irrespective of the buffer status threshold. 

Proposal 4: In CA deployment case, the MAC entity has to send the same MAC SDU across multiple serving cells for logical channel configured to perform packet duplication.

Proposal 5: eNB should be informed either in the SR or the BSR that it has data availability from logical channels that require packet duplication (e.g. using LCG). eNB controls how the packet duplication is distributed over the serving cells based on the provided UL grants.

Proposal 6: The number of duplications is controlled by the eNB via UL grant(s) received in the L1 signalling for the serving cells that will send the MAC PDU containing the duplicated MAC SDU(s). 

Proposal 7: When a UL grant for packet duplication is received, the LCP prioritises the MAC SDUs from the logical channels requiring duplication when multiplexing different logical channels. 
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