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1   Introduction
In RAN2#98 meeting, the following agreements were made [1]:

	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


The PDCP duplication is introduced to improve the reliability of data transmission. However, it is not reasonable the reliability of BSR is less than the corresponding data. In this contribution, we will discuss the detailed procedure to enhance BSR reliability when duplication is configured. 
2   Discussion

2.1 BSR for packet duplication
Duplicated packets have been agreed to be transmitted via two different legs to improve the reliability. The PDCP PDU and its duplicate shall not be transmitted on the same carrier according to RAN2 agreements. Therefore, the gNB should schedule different grants on different carriers for the duplicated transmission. 

An issue is how to indicate to the network the buffer status information of different logical channels associated with a PDCP entity for packet duplication. In DC duplication, the two logical channels should be associated with two different MAC entities. Therefore, the buffer status information of two logical channels should be indicated to MN and SN separately. In CA duplication, a straightforward way to do this is that the gNB configures the two different LCGs for the two different logical channels associated with the PDCP entity for packet duplication. In this case, based on the LCG ID in the BSR, the gNB can be aware of the buffer size of the two LCGs containing the two legs separately.

Observation 1: It is up to gNB implementation to put two duplicated LCHs into different LCGs in order to schedule grants on different carriers for duplicate transmission. 
2.2 BSR trigger for duplication
In LTE, regular BSR is triggered when the data arrives in an empty logical channel with higher priority. As 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. According to the current BSR trigger procedure, when a packet arrives to the PDCP entity, both the two logical channels associated with the PDCP entity should consider it as new data and simultaneously trigger regular BSRs. In DC duplication case, the two regular BSRs are triggered in two MAC entities while in CA duplication case, the two BSRs are triggered in one MAC entity.
Observation 2: In both DC and CA duplication cases, according to the existing BSR trigger mechanism, once a packet arrives in the PDCP entity configured for packet duplication, both the two logical channels associated with the PDCP entity would consider it as new UL data and triggers two regular BSRs simultaneously.
2.3 SR/BSR transmission
In DC duplication case, as the two BSRs are triggered in two different MAC entities (i.e. SCG and MCG), there should be two separate SRs triggered in the two MAC entities and sent in different SR configurations, and then MN and SN will schedule two UL grants for the UE. Upon reception of the two grants, the UE will send two BSRs to MN and SN separately. Based on this procedure, SR/BSR/data can be transmitted twice and reliability in all these steps for scheduling and transmission can be improved.
Observation 3: In DC duplication, based on the existing agreements and procedure, SR/BSR/data can be transmitted twice and reliability can be improved in all the steps for scheduling and transmission.

It was agreed by RAN2 that different logical channels can be configured with different SR configurations. Which SR configuration is used depends on the logical channel which triggers the SR. 
For CA based packet duplication, the two logical channels can be configured with two SR configurations. In this way, when the duplicated logical channels trigger two regular BSRs, the two BSRs can further trigger two SRs separately to request separate UL grants on the two different carriers so that the data can be transmitted on different carriers. However, according to the existing procedure, once one BSR is reported, all the triggered BSRs shall be cancelled. It means that in CA duplication, only one BSR can be reported although two BSRs are triggered in a MAC entity and two UL grants are scheduled. This will make the reliability chain broken in the SR/BSR/data procedure. Once the BSR transmission fails, the gNB will not be able to get BSR from the UE until the periodical/retransmission BSR is triggered.
Observation 4: In CA duplication, if the two logical channels configured for packet duplication are configured with different SR configurations, SRs can be triggered and transmitted separately to request UL grants on different carriers.
Observation 5: In CA duplication, during the SR-BSR-data transmission procedure, BSR can only be transmitted once, while SR and data can be transmitted twice according to current mechanism. This makes the whole transmission chain unreliable.
2.4 BSR transmission for duplication
As discussed above, when duplication is enabled, two BSRs are separately triggered by the duplicated data. For packet duplication, the two logical channels can be configured to associate to different carriers.  In order to enhance reliability for BSR transmission, when one BSR is sent, the UE should not cancel all triggered BSRs. Similar to the data transmission, the BSR triggered by a logical channel can only be transmitted using the grant of which the carrier frequency is linked to the logical channel. In this way, the BSR can be transmitted twice. 

Proposal 1: When a BSR triggered by a logical channel is included in a MAC PDU, the BSR triggered by its corresponding duplicated logical channel should not be cancelled.

Proposal 2: The BSR triggered by a logical channel can only be transmitted using the grant of a carrier which is linked to this logical channel.
3   Conclusion

By discussing the BSR procedure for data duplication, we have the following observation:

Observation 1: It is up to gNB implementation to put two duplicated LCHs into different LCGs in order to schedule grants on different carriers for duplicate transmission.
Observation 2: In both DC and CA duplication cases, according to the existing BSR trigger mechanism, once a packet arrives in the PDCP entity configured for packet duplication, both the two logical channels associated with the PDCP entity would consider it as new UL data and triggers two regular BSRs simultaneously.

Observation 3: In DC duplication, based on the existing agreements and procedure, SR/BSR/data can be transmitted twice and reliability can be improved in all the steps for scheduling and transmission.

Observation 4: In CA duplication, if the two logical channels configured for packet duplication are configured with different SR configurations, SRs can be triggered and transmitted separately to request UL grants on different carriers.

Observation 5: In CA duplication, during the SR-BSR-data transmission procedure, BSR can only be transmitted once, while SR and data can be transmitted twice according to current mechanism. This makes the whole transmission chain unreliable.

Proposal 1: When a BSR triggered by a logical channel is included in a MAC PDU, the BSR triggered by its corresponding duplicated logical channel should not be cancelled.

Proposal 2: The BSR triggered by a logical channel can only be transmitted using the grant of a carrier which is linked to this logical channel.
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