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1 Introduction

In RAN2#97 meeting, packet duplication below PDCP in CA scenarios was discussed. RAN2 agreed to use PDCP duplication also in CA cases with the following agreements [1].

Agreement:

-
For DL and UL, duplication solution for CA case uses PDCP duplication to more than 1 logical channel so that the duplicated PDCP PDUs are sent over different carriers.

FFS whether this is a single or two MAC entities

In RAN2 #97bis, the following agreements were achieved for PDCP duplication for CA case [2]:
Agreements:

1: RRC configures PDCP for duplication and the radio protocols of the UE with separate RLC entities and logical channels to handle duplicates (referred to as “legs”)

2: only one additional leg is configured for PDCP duplicates.

3: the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same transport block.

FFS whether in CA case to support PDCP duplicates on the same carrier with some restriction to prevent them from being transmitted on the same transport block. (Noting that we have already agreed that they can be sent on different carriers)

4:
PDCP duplication solution for CA requires only one MAC entity.

5:
logical channel mapping restrictions need to be introduced to handle duplicates in within one MAC entity (CA).

In this contribution, we discuss the MAC modelling for PDCP duplication in CA cases. 
2 Discussion
It has already been agreed that RRC configures PDCP for duplication and the radio protocols of the UE with separate RLC entities and logical channels to handle duplicates (referred to as “legs”). And only one additional leg is configured for PDCP duplicates. However, the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same transport block. PDCP duplicates can be sent on different carriers in CA case. Whether in CA case to support PDCP duplicates on the same carrier with some restriction to prevent them from being transmitted on the same transport block is still FFS. And PDCP duplication solution for CA requires only one MAC entity [3].
The carriers associated to one MAC entity can be divided into two groups as follows:

Group 1: For any cell of this group, only one LCH (leg) can be mapped to it.
Group 2: For any cell of this group, both of the two LCHs (legs) can be mapped to it.

For the cells in Group 1, since only one LCH (leg) can be mapped to it, when there is a grant from the cell, the TB to be transmitted on the corresponding resource can only include the data from the LCH mapped to the cell.
However, for the cells of Group 2, although both of the two LCHs (legs) can be mapped to it, when there is a grant from the cell, the TB to be transmitted on the corresponding resource should only include the data from one LCH. Because it has already been agreed in RAN2 #97bis that the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same transport block. If that rule were to be strictly followed at MAC (the sublayer responsible for generating the content of the transport blocks), MAC would have to be able to identify the PDCP PDUs, resulting in increased complexity. A more practical restriction would therefore consist in only ensuring that PDUs of the different legs are not sent in the same transport block. That is to say the logical channels of the different legs shall not be transmitted on the same transport block.  
Proposal 1: One TB should only include the data from one of the LCHs with duplicate for PDCP duplication in CA.
While, the above proposal seems to be the same as the previous agreement that the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same transport block. However, it is also possible that the data from two logical channels are transmitted in one TB, but the duplicates are not transmitted in the same TB. Actually, our proposal is one straightforward method for the implementation of the agreement. 
For the cell of Group 2, when there is a grant for the cell, the TB to be transmitted on the corresponding resource should only include the data from one LCH. It is still a question to select which LCH of the two LCHs with duplicate to be transmitted in the TB. The criterion for LCH selection is listed as follows.
1. LCH with larger Bj should be selected.
2. LCH with larger buffer size should be selected.
3. If the Bj or the amount of data of the two LCHs are the same, it is up to implementation for the selection of LCH.

Based on the above discussions, we make the following proposal:

Proposal 2: For the two LCHs with duplicates, the one with larger Bj and larger buffer size should be selected. If the Bj or the amount of data of the two LCHs are the same, it is up to implementation for the selection of LCH.
3 Conclusion

In this paper, we discuss the MAC modelling for PDCP duplication in CA cases. 
Proposal 1: One TB should only include the data from one of the LCHs with duplicate for PDCP duplication in CA.
Proposal 2: For the two LCHs with duplicates, the one with larger Bj and larger buffer size should be selected. If the Bj or the amount of data of the two LCHs are the same, it is up to implementation for the selection of LCH.
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