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1.
Introduction

In RAN2#109 electronic meeting, the following agreement was made with an FFS:

	Agreements

· If Rel-16 MAC CE indicates all secondary RLC entities are deactivated for a DRB, the UE shall deactivate PDCP duplication for the DRB. FFS whether and how this has TS impact.


Actually in our understanding, this issue is somehow relevant to cell restriction after PDCP duplication deactivation, given that there is the following text in TS 38.321:
	5.4.3.1.2
Selection of logical channels

The MAC entity shall, when a new transmission is performed:

1>
select the logical channels for each UL grant that satisfy all the following conditions:

2>
the set of allowed Subcarrier Spacing index values in allowedSCS-List, if configured, includes the Subcarrier Spacing index associated to the UL grant; and

2>
maxPUSCH-Duration, if configured, is larger than or equal to the PUSCH transmission duration associated to the UL grant; and

2>
configuredGrantType1Allowed, if configured, is set to true in case the UL grant is a Configured Grant Type 1; and

2>
allowedServingCells, if configured, includes the Cell information associated to the UL grant. Does not apply to logical channels associated with a DRB configured with PDCP duplication within the same MAC entity (i.e. CA duplication) for which PDCP duplication is deactivated.


The text above means that, when PDCP duplication is deactivated, cell restriction would not apply to the DRB configured with CA duplication.

However, based on the definition of PDCP duplication in TS 38.300, it is NOT crystal clear what the relationships are among CA duplication, DC duplication and DC+CA duplication. As a consequence of this ambiguity, how to apply cell restriction in TS 38.321 is not crystal clear.
	When duplication is activated, the original PDCP PDU and the corresponding duplicate(s) shall not be transmitted on the same carrier. The primary and secondary logical channels can either belong to the same MAC entity (referred to as CA duplication) or to different ones (referred to as DC or DC+CA duplication). CA duplication can be configured together with DC duplication when duplication over more than two legs is configured in the UE. In CA duplication, logical channel mapping restrictions are used in MAC to ensure that the primary and secondary logical channels are not sent on the same carrier. When CA duplication is configured for an SRB, one of the logical channels associated to the SRB is mapped to SpCell.


Therefore, we will discuss the following issues in this contribution:

· Relationships among CA duplication, DC duplication and DC+CA duplication.
· Impacts to cell restriction after deactivation of PDCP duplication.
2. Discussion 
2.1
Relationships among different kinds of duplication 

In Rel-16, PDCP duplication is enhanced and up to 4 legs can be configured. According to the description in TS 38.300, three kinds of PDCP duplication are specified: CA duplication, DC duplication and DC+CA duplication. 

For DC duplication, the definition is that the primary LCH and the secondary LCH belong to different MAC entities. And for CA duplication, the definition is that the primary LCH and secondary LCH(s) belong to the same MAC entity. The above two kinds of duplication are easy to understand.

For DC+CA duplication, however, the definition requires clarification. The statement “CA duplication can be configured together with DC duplication when duplication over more than two legs is configured in the UE” seems to imply that DC+CA duplication can be regarded as a combination of CA duplication and DC duplication. But does this mean that DC+CA duplication can also be seen as CA duplication or DC duplication? 
As far as we consider, CA duplication can be seen as a part of DC+CA duplication, which fits the definition of CA duplication. It means that in DC+CA duplication, the duplication within each cell group (if configured) would be considered as CA duplication. In addition, DC+CA duplication can also be seen as one kind of DC duplication, i.e. DC+CA duplication is a special form of DC duplication.
Observation 1: In current TS 38.300, the relationship between CA duplication, DC duplication and DC+CA duplication is unclear.
Proposal 1: Clarify that in DC+CA duplication, the duplication within each cell group (if configured) is seen as CA duplication. 

Proposal 2: Clarify that DC+CA duplication is one kind of DC duplication.
Detailed clarifications will be found in the attached TP for TS38.300.
2.2
Impacts to cell restriction after deactivation of PDCP duplication  

With the relationships among different duplications clearly defined, we can further look into the cell restriction applied in MAC specs:

	allowedServingCells, if configured, includes the Cell information associated to the UL grant. Does not apply to logical channels associated with a DRB configured with PDCP duplication within the same MAC entity (i.e. CA duplication) for which PDCP duplication is deactivated.


According to Proposal 1, the above statement should also apply to CA duplication within a DC+CA duplication. But how to understand the deactivation of CA duplication within a DC+CA duplication?  

In order to make it clearer, we show two scenarios in Figure 1. According to the agreement, if all secondary RLC entities are deactivated, PDCP duplication are deactivated. Take scenario as example, when RLC4 is deactivated, CA duplication for MAC2 is deactivated. But PDCP duplication is not deactivated as not all secondary RLC entities are deactivated in this case. Still the cell restriction should be lifted from RLC3 as no duplicated packets requires so. Thus there is a contradiction with the highlighted part in the running MAC CR as cell restrictions are lifted while PDCP duplication is still activated. Scenario 2 has the similar issue.
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Figure 1: Scenarios of DC+CA duplication 
We think the intention of cell restriction is to prevent duplicated packets from being transmitted in a same TB in case of CA duplication. In this sense, cell restrictions should be lifted when and only when CA duplication is deactivated. This principle can also be applied to CA duplication within DC+CA duplication as illustrated in Section 2.1. 
Proposal 3: The parameter allowedServingCells does not apply to logical channels associated with a DRB configured with CA duplication within this MAC entity when the CA duplication is deactivated.
A minor change to address this issue will be:
The simple change to TS 38.321 to address this issue can be:

	2>
allowedServingCells, if configured, includes the Cell information associated to the UL grant. Does not apply to logical channels associated with a DRB configured with PDCP CA duplication within the same this MAC entity (i.e. CA duplication) for which PDCP and the CA duplication is deactivated.


3. Conclusion
In this contribution, we present our views on the duplication enhancement to the support of IIoT new use cases and have the following proposals.
Observation 1: In current TS 38.300, the relationship between CA duplication, DC duplication and DC+CA duplication is unclear.
Proposal 1: Clarify that in DC+CA duplication, the duplication within each cell group (if configured) is seen as CA duplication. 

Proposal 2: Clarify that DC+CA duplication is one kind of DC duplication.
Proposal 3: The parameter allowedServingCells does not apply to logical channels associated with a DRB configured with CA duplication within this MAC entity when the CA duplication is deactivated.

A text proposal to TS 38.300 is attached below.
4. Text Proposal for TS38.300
16.1.3
Packet Duplication
When duplication is configured for a radio bearer by RRC, at least one secondary RLC entity is added to the radio bearer to handle the duplicated PDCP PDUs as depicted on Figure 16.1.3-1, where the logical channel corresponding to the primary RLC entity is referred to as the primary logical channel, and the logical channel corresponding to the secondary RLC entity(ies), the secondary logical channel(s). All RLC entities have the same RLC mode. Duplication at PDCP therefore consists in submitting the same PDCP PDUs multiple times: once to each activated RLC entity for the radio bearer. With multiple independent transmission paths, packet duplication therefore increases reliability and reduces latency and is especially beneficial for URLLC services.
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Figure 16.1.3-1: Packet Duplication

NOTE:
PDCP control PDUs are not duplicated and always submitted to the primary RLC entity.

When configuring duplication for a DRB, RRC also sets the initial state of PDCP duplication (either activated or deactivated). After the configuration, the PDCP duplication state can then be dynamically controlled by means of a MAC control element and in DC, the UE applies the MAC CE commands regardless of their origin (MCG or SCG). When duplication is configured for an SRB the state is always active and cannot be dynamically controlled. When configuring duplication for a DRB with more than one secondary RLC entity, RRC also sets the initial state of each of them (i.e. either activated or deactivated). Subsequently, a MAC CE can be used to dynamically control whether each of the configured secondary RLC entities for a DRB should be activated or deactivated, i.e. which of the RLC entities shall be used for duplicate transmission. Primary RLC entity cannot be deactivated. When duplication is deactivated for a DRB, all secondary RLC entities associated to this DRB are deactivated. When a secondary RLC entity is deactivated, it is not re-established, the HARQ buffers are not flushed, and the transmitting PDCP entity should indicate to the secondary RLC entity to discard all duplicated PDCP PDUs.

Editor’s note: For NR-DC, it is FFS how the nodes can coordinate RLC entities activation/deactivation between each other (pending RAN3 discussions)

When activating duplication for a DRB, NG-RAN should ensure that at least one serving cell is activated for each logical channel of the DRB; and when the deactivation of SCells leaves no serving cells activated for a logical channel of the DRB, NG-RAN should ensure that duplication is also deactivated.

When duplication is activated, the original PDCP PDU and the corresponding duplicate(s) shall not be transmitted on the same carrier. The logical channels associated with a same radio bearer can either belong to the same MAC entity (referred to as CA duplication) or to different ones (referred to as DC duplication). CA duplication can be configured together with DC duplication when duplication over more than two RLC entities is configured in the UE, which is called DC+CA duplication. DC+CA duplication is also DC duplication, and in DC+CA duplication, the duplication within each cell group (if configured) is CA duplication. In CA duplication, logical channel mapping restrictions are used in MAC to ensure that different logical channels are not sent on the same carrier. When CA duplication is configured for an SRB, one of the logical channels associated to the SRB is mapped to SpCell.

When CA duplication in a MAC entity is deactivated for a DRB, the logical channel mapping restrictions of the logical channels associated with the MAC entity are lifted for as long as the CA duplication remains deactivated.

When an RLC entity acknowledges the transmission of a PDCP PDU, the PDCP entity shall indicate to the other RLC entity(ies) to discard it. In addition, in case of CA duplication, when an RLC entity restricted to only SCell(s) reaches the maximum number of retransmissions for a PDCP PDU, the UE informs the gNB but does not trigger RLF.
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