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1   Introduction
In RAN2#101 and RAN2#101bis meeting, the following agreements related to PDCP duplication impact on Bj were made in NR, which have  never been discussed in LTE.
	Agreements in RAN2#101

1 FFS Bj is reset when duplication is activated. 

2 There is no enhancement for PBR execution. For a split bearer, one PBR value is used regardless of whether duplication is activated or deactivated.
3
If PDCP duplication is deactivated, the “allowed cells” LCP restriction is removed for both primary and secondary RLC and secondary RLC leg remains active 

4
The MAC spec will capture the “allowed cells” restriction removal
Agreement in RAN2#101bis

-
Chair: No agreement to change


In this contribution, we will discuss whether PDCP duplication have any impact on the the variable Bj used during LCP in LTE. 
2   Discussion

During LCP procedure, UE will maintain a variable Bj for each logical channel j. This variable is used to determine whether to multiplex the data from a logical channel in the grant so that the PBR requirement of the logical channel can be guaranteed. The detailed procedure is specified in the TS 36.321:
	The MAC entity shall maintain a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × TTI duration for each TTI, where PBR is Prioritized Bit Rate of logical channel j. However, the value of Bj can never exceed the bucket size and if the value of Bj is larger than the bucket size of logical channel j, it shall be set to the bucket size. The bucket size of a logical channel is equal to PBR × BSD, where PBR and BSD are configured by upper layers.

The MAC entity shall perform the following Logical Channel Prioritization procedure when a new transmission is performed:

-
The MAC entity shall allocate resources to the logical channels in the following steps:

-
Step 1: All the logical channels with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to “infinity”, the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);

-
Step 2: the MAC entity shall decrement Bj by the total size of MAC SDUs served to logical channel j in Step 1;

NOTE:
The value of Bj can be negative.

-
Step 3: if any resources remain, all the logical channels are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.


According to the above description, once the logical channel is established, the Bj begins to increase by PBR × TTI with the upper limit of the bucket size, i.e. PBR × BSD, regardless of the status of the logical channel. In this case, one issue was raised that when duplication is deactivated, Bj would continue to increase without any consumption, which will lead to imbalance Bj for the two legs. There are some options proposed  by some companies in NR:

Alternative 1. Reset Bj to 0 upon duplication de-activation;

Alternative 2. Reset Bj to 0 upon duplication activation;

Alternative 3. Reset the Bj for the secondary RLC to the same value for the Bj of the primary RLC when duplication is activated;
Alternative 4. Stop updating Bj for the secondary RLC when duplication is deactivated, and continue updating when duplication is activated.

Alternative 5. No specification, Bj for secondary RLC continues updating when duplication is deactivated;

First, for DC duplication, after deactivation of the duplication, the split operation may be applied. In this case the secondary RLC entity would continue to be used, so Bj should not be reset upon either duplication deactivation.
Observation 1: For DC duplication, Bj should not be reset upon duplication deactivation, as split operation may be applied after duplication deactivation.
For CA duplication, after deactivation of packet duplication, there could be some data left in the secondary LCH. The MAC entity should continue allocating grants for the LCH to transmit these remaining data, so the Bj should not be reset or stop updating Bj for the secondary RLC after duplication deactivation.

Another possibility is to reset Bj when duplication is reactivated for CA duplication. It seems working but may not be necessary. Normally packet duplication is activated as there is a risk to use only one LCH to meet the QoS requirement for e.g. URLLC. If Bj is not reset, when duplication is re-activated, the secondary LCH may be with a large Bj, which actually has benefits in terms of latency for transmission using the secondary LCH. Given the Bj is maintained to meet the average PBR requirement, Bj starting from 0 or from another value does not matter too much. On the other hand, considering packet duplication is usually used for URLLC services, it makes less sense to reset Bj when duplication is activated.
Observation 2: For CA duplication, it is not reasonable that Bj should be reset upon duplication deactivation or stop updating Bj for the secondary RLC, as there could be remaining data left in the secondary logical channel.
The motivation of alternative 1-4 is to avoid the imbalance of the token size between primary leg and secondary leg when duplication is re-activated resulting in SN gap between the two RLCs, since the secondary LCH may be with a large Bj, which may create an artificial high priority. However, large value of Bj is not a real issue, while the Bj is just to provide the possibility of scheduling and the Bj can be incremented only up to its maximum bucket size (PBR x BSD). The smart UL scheduling can used to avoid the SN gap between primary leg and secondary leg. 
Additionally, in RAN2#101bis meeting for NR, the conclusion is still to do nothing changed and it is applicable for LTE. Therefore, for LTE we propose:
Proposal: For both DC and CA duplication, there is no need of special handling of Bj when PDCP duplication activated/deactivated.

3   Conclusion

By discussing the Bj accumulation for PDCP duplication, we have the following observations and proposal:
Observation 1: For DC duplication, Bj should not be reset upon duplication deactivation/re-activation, as split operation may be applied after duplication deactivation.

Observation 2: For CA duplication, Bj should not be reset upon duplication deactivation, as there could be remaining data left in the secondary logical channel.

 Proposal: For both DC and CA duplication, there is no need of special handling of Bj when PDCP duplication activated/deactivated.
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