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1	Introduction
In the last few meetings, there has been some discussions on how DC+CA PDCP duplication can be better defined in the Stage-2 specifications (TS 38.300). It is known that, as a DRB can be configured with more than two RLC entities in Rel-16, CA duplication could be configured on top of DC, meaning CA-duplication could be applied within each cell group involved. Currently we have the following text in TS 38.300:
	R2-2005162 (CR for TS38.300):
[bookmark: _Toc20388055][bookmark: _Toc29376135][bookmark: _Toc37232032]16.1.3	Packet Duplication
[bookmark: _Hlk42617612]……
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.
When CA duplication is deactivated for a DRB, the logical channel mapping restrictions of the primary and secondary logical channels are lifted for as long as duplication remains deactivated.
……



The main problem with the current text is that, the definition of “CA duplication” in DC+CA configuration is not clear. In particular, when CA-duplication is applied in SCG where the primary logical channel is absent, “deactivation of CA duplication” in SCG is rather ambigious. In other words, it is questionable whether LCH mapping restriction can be lifted for CA duplication in SCG. The considered DC+CA duplication is depicted in Figure 1.
[image: ]
Figure 1 DC+CA Duplication
2	Discussion
According to the current TS 38.300, CA duplication is deactivated for a DRB, LCH mapping restriction is lifted. Deactivation of CA duplication essentially means that only the primary RLC entity remains active, while all other RLC entities in the same cell group are deactivated. In Rel-16, CA duplication can be configured on top of DC, and there could be cases where the primary RLC is absent in the cell group with CA duplication. For instance, in the example shown in Figure 1, the primary RLC is not in the SCG, and hence this is not clear under what circumstance the CA duplication in the SCG can be deemed as “deactivated”.  More specifically, in what situations the LCH mapping restriction of allowed serving cells could be lifted in SCG. Note that, the primary RLC is configured per DRB, instead of per cell group, so it can only exist in only one of the cell groups.
To resolve this issue, there could be different options:
· Option 1: Disallow CA-duplication in the cell group that is not associated to the primary RLC
· Option 2: Disallow lifting LCH mapping restriction in the cell group that is not associated to the primary RLC.
· Option 3: Allow lifting LCH mapping restriction in the cell group that is not associated to the primary RLC, and further define the conditions where the LCH mapping restrictions can be lifted.
Option 1 essentially means that CA duplication can only be configured in the cell group with the primary RLC. Hence, there is no concern about how to lift LCH mapping restriction in the cell group without primary RLC at all, because there is always only one leg in such cell group. This option is obviously awkward as it limits flexibility of how duplication could be configured, which is not desired. Hence, in our view such option should not be considered. 
Option 2 forbids lifting LCH mapping restriction in the cell group without primary RLC in any case. Therefore, LCH mapping restriction does not change regardless of the leg activation state in the cell group. Although this option seems simple, it enforces a LCH in this cell group to only use a subset of serving cells even if it is the only active LCH in the cell group. This is indeed inefficient as it imposes resource allocation flexibility. 
Option 3 allows LCH mapping restriction to be lifted in the cell group without primary RLC, but it means some additional standardization effort is needed to identify alternative situations where CA duplication can be deemed as “deactivated” in the cell group, so LCH mapping restriction can be lifted even if the primary RLC is absent.
By comparison, Option 3 offers better flexibility and resource efficiency, in spite of the additional standardization work. However, the standard impact is minimal as we only need an additional condition where the LCH mapping restriction can be removed, which does not involve ASN.1 change. Hence, we think RAN2 should explore how Option 3 could be applied.
Proposal 1: Allow lifting LCH mapping restriction in the cell group that is not associated to the primary RLC, and further define the conditions where the LCH mapping restrictions can be lifted.
The next question is, how to define the condition where the CA duplication in a cell group without RLC entity can be regarded as “deactivated” and LCH mapping restriction can be thereby lifted. It is worth noting that, LCH mapping restrictions of allowed serving cells is applied to prevent two or more active duplication logical channels from mapping their data onto the resources pertaining to the same serving cell, which weakens channel diversity and therefore diminish the benefit of duplication. When there is only one logical channel remains active in the cell group, there is no concern about diversity as the copies of the packets are only handled by another cell group anyway. Thus, it makes sense to lift LCH mapping restriction of allowed serving cells whenever only one RLC entity remains active in the cell group, so the data from this only-active LCH in the cell group could be mapped to resources in any serving cell. Equivalently, for CA duplication in a cell group without primary RLC, the CA duplication can be deemed as deactivated if only one logical channel for the DRB remains activated in the cell group.
Proposal 2: CA-duplication in a cell group can be deemed as deactivated if only one logical channel for the DRB remains activated in the cell group, regardless of whether the cell group is associated to the primary RLC or not.
Proposal 3: For CA-duplication in a cell group, LCH mapping restriction of allowed serving cells is lifted when only one logical channel remains active in the cell group for a duplicated DRB, regardless of whether the cell group is associated to the primary RLC or not.

[bookmark: _GoBack]Based on the proposal, we provide CRs for TS38.300 and TS38.321 respectively in [2] and [3]. The proposed texts are copied below for convenience. Note that a cell group corresponds to a MAC entity at the UE, so the term “MAC entity” is used in the proposed text change to keep the consistency.
For TS 38.300, we propose the following text change [2]:
	
[bookmark: _Toc46502106]16.1.3	Packet Duplication
……
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 associated to a DRB configured with duplication 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 also be configured for either or both of the MAC entities 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 associated to a DRB 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 is deactivated for a DRBMAC entity (i.e. only one logical channel associated to the DRB in the MAC entity remains active), the logical channel mapping restrictions of the primary and secondary logical channels are lifted for as long as CA duplication remains deactivated in the MAC entity.



For TS 38.321, we propose the following text change [3]:
	[bookmark: _Toc46490326][bookmark: _Toc37296200][bookmark: _Toc29239841]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 when CA duplication is deactivated for this MAC entity; and
2>	allowedCG-List, if configured, includes the configured grant index associated to the UL grant; and
2>	allowedPHY-PriorityIndex, if configured, includes the priority index (as specified in clause 9 of TS 38.213 [6]) associated to the dynamic UL grant.
NOTE:	The Subcarrier Spacing index, PUSCH transmission duration, Cell information, and priority index are included in Uplink transmission information received from lower layers for the corresponding scheduled uplink transmission.




3	Conclusions
This paper discusses LCH mapping restriction for DC+CA duplication. In particular, whether we should allow lifting LCH mapping restriction for CA duplication in a cell group without primary RLC. If so, how the conditions should be defined. The following proposals are made:
Proposal 1: Allow lifting LCH mapping restriction in the cell group that is not associated to the primary RLC, and further define the conditions where the LCH mapping restrictions can be lifted.
Proposal 2: CA-duplication in a cell group can be deemed as deactivated if only one logical channel for the DRB remains activated in the cell group, regardless of whether the cell group is associated to the primary RLC or not.
Proposal 3: For CA-duplication in a cell group, LCH mapping restriction of allowed serving cells is lifted when only one logical channel remains active in the cell group for a duplicated DRB, regardless of whether the cell group is associated to the primary RLC or not.
We suggest modify the Stage-2 and MAC text to reflect these proposals in accordance to [2] and [3], to clarify UE behavior of lifting LCH mapping restriction of CA duplication in SCG.
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