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1 Introduction

In RAN2#97bis, only one MAC entity required for duplication in CA case has been agreed [1].

Agreements for duplication in CA case
1. PDCP duplication solution for CA requires only one MAC entity.

2. logical channel mapping restrictions need to be introduced to handle duplicates in within one MAC entity (CA).
And in RAN2 #98, it has been agreed that the RRC configured 2 duplicated LCHs are mapped to different carriers in CA duplication case [2].

	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


On the other hand, in RAN2 #101 meeting, the agreement for BSR trigger condition to support packet duplication was conclued as below [3]:

	Agreements for BSR trigger condition to support packet duplication
1    As a baseline, no new BSR trigger condition is introduced to support packet duplication.  FFS if there is a problem to address for CA


In this contribution, we will further discuss whether there is a problem to use the existing BSR trigger condition for CA duplication case and conclude with some proposals.
2 Discussion
For duplication in CA case (as showed in fig1), when PDCP duplication is configured for a radio bearer by RRC, an additional duplicated RLC entity will be established and a primary RLC entity out of the two will also be indicated by RRC. And only one MAC entity is required. What’s more, a mapping of the 2 duplicate LCHs to different carriers will also be configured by RRC. 
Upon activation of packet duplication via a duplication activation/deactivation MAC CE, the PDCP entity corresponding to this RB will duplicate a data packet into two same copies and send them to the two RLC entities associated with this RB, respectively.  And the duplicated data packets will be sent through the two different RLC entities, thus through different carriers to the receiver, respectively. 

Upon deactivation of packet duplication, the duplication operation in the transmitting PDCP entity will be stopped and the new data will only be transmitted to the primary RLC entity. And the transmitting PDCP entity should indicate to lower layers to discard all PDCP PDUs provided for duplicate transmission to the secondary RLC entity.
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Fig 1.  Duplication in CA case
An important motivation to use duplication is to improve the reliability and reduce the latency for URLLC service. Since URLLC service is sensitive to transmission latency and always has a tight requirement for latency, it is important that the gNB scheduler has timely notification of arrival of new UL data bursts for quick UL scheduling. A timely BSR enables the gNB scheduler to keep knowledge on the UE buffer status.
Observation 1: For duplication, it is important that the gNB can be timely notified of the arrival of new UL data.
Since packet duplication is usually used for some high priority services, e.g. URLLC, so the logical channels for packet duplication should also configured with higher priority. What’s more, as the primary and secondary LCHs are used to transmitted the same data packets and serve the same RB, it is expected that they are equivalent and configured with the same priority.
Acording to the current regular BSR trigger mechanism, a regular BSR is triggered when the data arrives in an empty logical channel with higher priority, i.e., the priority of the LCH is higher than any of the LCHs that already have data available for transmission.
For CA duplication, according to the current regular BSR trigger mechanism:

· When duplication is activated:
The duplicated data packets will be sent through the two LCHs for duplication, thus through different carriers to the receiver, respectively.
Since the data of the two LCHs is transmitted through different carriers according to the mapping restriction configured by RRC, the transmission qualities of the two legs may be different, thus results in different transmission rates. For example, if the transmission of the secondary LCH is slower than that of the primary LCH, it is possible that the primary LCH is empty but there is still data available for transmission stuck in the secondary LCH.
Arrival of a new UL data burst at the primary LCH which is empty would then not trigger a regular BSR, even if the priority of the primary LCH is higher than any of the LCHs (except for the secondary LCH)that already have data available for transmission and is associated with the same MAC entity as the primary LCH.

The data available for transmission stuck in the secondary LCH may prevent regular BSR triggering, thus delay the scheduling of the UL transmission.
Hence, it appears that, for some high priority services, e.g. URLLC, gNB configures duplication for it (i.e., configures a secondary LCH for the primary LCH) to improve the reliability and reduce the latency of transmission. However, when the transmission of the secondary LCH is slower than that of the primary LCH and there is data stuck in the secondary LCH, the regular BSR triggering opportunity of the primary LCH will be reduced, thus increase the delay of UL transmission.
Although a periodic BSR or padding BSR may inform gNB the arrival of the new UL data later, there will be some delay and could not be timely enough. For some latency sensitive services, e.g. URLLC, the delay may be intolerable.
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Fig 2. Current regular BSR triggering in CA duplication activation case
Observation 2: The data stuck in a LCH may prevent regular BSR triggering when a new data arrives for the corresponding RB configured with duplication, even if the other LCH associated is empty, thus delay the scheduling of the UL transmission.
Basing on the discussion above, it seems reasonable that, upon arrival of new data for an empty LCH used for CA duplication (i.e., allowedServingCells of the LCH is configured), when checking the priorities of the LCHs with available data to decide whether to trigger a regular BSR, ignore the paired duplicated LCH.
Proposal 1: Upon arrival of new data for an empty LCH used for CA duplication, when checking the priorities of the LCHs with available data to decide whether to trigger a regular BSR, ignore the paired duplicated LCH.
3 Conclusion

In this contribution, we discuss discuss whether there is a problem to use the existing BSR trigger condition for CA duplication case. Proposals and observations are given as follows:

Observation 1: For duplication, it is important that the gNB can be timely notified of the arrival of new UL data.
Observation 2: The data stuck in a LCH may prevent regular BSR triggering when a new data arrives for the corresponding RB configured with duplication, even if the other LCH associated is empty, thus delay the scheduling of the UL transmission.
Proposal 1: Upon arrival of new data for an empty LCH used for CA duplication, when checking the priorities of the LCHs with available data to decide whether to trigger a regular BSR, ignore the paired duplicated LCH.
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5 Annex TP for 38.321
5.4.5
Buffer Status Reporting
A BSR shall be triggered if any of the following events occur:

-
the MAC entity has new UL data available for a logical channel which belongs to an LCG; and either

-
the new UL data belongs to a logical channel with allowedServingCells not configured and with higher priority than the priority of any logical channel containing available UL data which belong to any LCG; or
-
the new UL data belongs to a logical channel with allowedServingCells configured and with higher priority than the priority of any logical channel (except for the logical channel associated with the same PDCP entity) containing available UL data which belong to any LCG; or
-
none of the logical channels which belong to an LCG contains any available UL data.


in which case the BSR is referred below to as 'Regular BSR';

