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1 Introduction

In last RAN2#101 meeting, the impact of duplication on MAC has been discussed, the related agreements are as follows:
Agreements

1. For activating PDCP duplication, the current BS calculation doesn’t need to be changed for both CA and DC cases. 

2. FFS Bj is reset when duplication is activated.

3. In case of deactivating PDCP duplication, the current BS calculation doesn’t need to be changed for both CA and DC cases. 

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

5. There is no enhancement for PBR execution. For a split bearer, one PBR value is used regardless of whether duplication is activated or deactivated.

6. The UE shall not flush the HARQ buffer when packet duplication is deactivated

7. FFS if duplication MAC CE is de-coupled from SCell deactivation MAC CE.    
8. BWP switching does not impact packet duplication
Based on the agreement, we agreed the current BSR trigger is enough as a baseline. However, it’s not decided yet whether there is an issue for the CA duplication case. In this paper, we further discuss the topic.

2 Discussion

In last meeting, it was agreed as a baseline no new BSR trigger should be introduced for duplication, and an FFS was left to identify possible issue for CA duplication. For a DRB configured with CA duplication, there are two RLC entities associated with the same PDCP entity, the protocol architecture is as follows. 
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Figure 1 CA duplication protocol architecture

DRB configured with CA duplication is expected to be able to support low latency and high reliability services, e.g., URLLC. In order to improve the reliability, the duplicated PDCP PDUs are transmit through the two legs and mapped to different carrier. The priorities configured for these two LCHs are probably the same otherwise it’s useless to duplicate the data since high priority LCH can always transmit faster than the low priority LCH.

Observation 1 For CA duplication, the priority configured for the two associated LCHs are probably the same. 

For the delay requirement, the URLLC data should be scheduled as soon as possible. If based on dynamic scheduling, the BSR should be triggered on time when new data arrival, so that the network can be aware of the buffer status on time and the suitable grant can be scheduled. Meanwhile, if the regular BSR can be triggered on time, the corresponding SR can be triggered so that even if there are no available resources the UE can be scheduled as soon as possible.
Observation 2 For URLLC, it’s important to trigger the regular BSR on time, so that the urgent data can be scheduled as soon as possible. 

If following the current BSR triggers as above, for CA duplication, there are several cases which may delay the regular BSR triggering when the new data available for LCHs associated with CA duplication bearer:
Case 1: new data arrival when the buffer is empty:

For the initial state when CA duplication is configured and activated, the buffer for RLC entities and PDCP entity should be empty. When new data is arrived in PDCP layer, the PDCP will indicate PDCP data volume to both legs as shown in the following [5.6, TS 38.323]:

If the transmitting PDCP entity is associated with two RLC entities, when indicating the PDCP data volume to a MAC entity for BSR triggering and Buffer Size calculation (as specified in TS 36.321 [4]), the transmitting PDCP entity shall:

-
if pdcp-Duplication is configured and activated:

-
indicate the PDCP data volume to the MAC entity associated with the primary RLC entity;

-
indicate the PDCP data volume excluding the PDCP Control PDU to the MAC entity associated with the secondary RLC entity;
From MAC perspective, when judging whether to trigger regular BSR or not [5.4.5, TS 38.321], the following conditions will not be met so the regular BSR will no be triggered even if the new data is arrived for CA duplication bearer. The reason is if two LCHs (e.g., LCH1 and LCH 2) are associated with a CA duplication bearer and with the same priority, when the MAC entity has new UL data for LCH1, at the same time the LCH2 contains available UL data even though the data is new for LCH 2 based on the PDCP behaviour. Based on the following condition, LCH1 with new data does not have higher priority than LCH 2 with available data, so the regular BSR is not triggered.
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 higher priority than the priority of any logical channel 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';

Observation 3 Regular BSR is not triggered when new data arrival for a CA duplication bearer, if the two associated LCHs have the same priority. 

To solve this, it is simple to clarify the wording that when comparing the priority with any logical channel, those logical channel(s) should already containing available UL data rather than containing new available data. This is what LTE does when comparing the priority of any logical channel containing available UL data, and the wording can be as follows:
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 higher priority than the priority of any logical channel already 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';

Proposal 1 When comparing the priority of the LCH with new UL data with priorities of any other logical channels, those logical channels should already contain available UL data before the new data arrival.
Case 2: new data arrival when there are data already buffered:

In this case, there is already data available for either of the LCHs or both LCHs associated with CA duplication bearer, e.g., due to data blockage. Besides, there could be data already available in other LCHs which are not associated with duplication bearer but with the same priority as the LCHs associated with CA duplication bearer. In either case, the regular BSR can not be triggered on time either.

Observation 4 Regular BSR is not triggered when new data arrival for a CA duplication bearer if there is data available for other LCHs with the same priority.  

These are not the expected behaviour, since the new arrival data for the URLLC should be served on time. If the regular BSR is delayed, network is not able to identify the buffer status of the LCH. The padding BSR, periodic BSR and BSR triggered by retxBSR-timer can be used in these cases, however it would be too late for the URLLC. 
Besides, if the regular BSR is not triggered on time, the corresponding SR can no be triggered for which the associated LCH(s) can not get the suitable resources as soon as possible. We have spent quite some time to discuses the case that when there are available UL-SCH resources available, whether the SR should be triggered. The main motivation is to make the URLLC new data be scheduled as soon as possible when there are eMBB resources available. However, if the regular BSR is not triggered on time for URLLC new arrival data, this new enhancement is useless since SR can not be triggered without BSR.
To solve the delayed regular BSR trigger, one possible way is, on top of the current BSR triggers, to enable the regular BSR to be triggered even if the new UL data belongs to a duplicated logical channel with equal priority as the highest priority of any other logical channels containing available UL data.  
Proposal 2 To enable the regular BSR to be triggered if the new UL data belongs to a duplicated logical channel with equal priority as the highest priority of any other logical channels containing available UL data.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
For CA duplication, the priority configured for the two associated LCHs are probably the same.
Observation 2
For URLLC, it’s important to trigger the regular BSR on time, so that the urgent data can be scheduled as soon as possible.
Observation 3
Regular BSR is not triggered when new data arrival for a CA duplication bearer, if the two associated LCHs have the same priority.
Observation 4
Regular BSR is not triggered when new data arrival for a CA duplication bearer if there is data available for other LCHs with the same priority.
Proposal 1
When comparing the priority of the LCH with new UL data with priorities of any other logical channels, those logical channels should already contain available UL data before the new data arrival.
Proposal 2
To enable the regular BSR to be triggered if the new UL data belongs to a duplicated logical channel with equal priority as the highest priority of any other logical channels containing available UL data.


4 Annex
[Change start]
5.4.5
Buffer Status Reporting
The Buffer Status reporting (BSR) procedure is used to provide the serving gNB with information about UL data volume in the MAC entity.
RRC configures the following parameters to control the BSR:

-
periodicBSR-Timer;

-
retxBSR-Timer;

-
logicalChannelSR-DelayTimerApplied;
-
logicalChannelSR-DelayTimer;

-
logicalChannelGroup.

Each logical channel may be allocated to an LCG using the logicalChannelGroup. The maximum number of LCGs is eight.

The MAC entity determines the amount of UL data available for a logical channel according to the data volume calculation procedure in TSs 38.322 and 38.323 [3] [4].

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 which is not associated with a non-split RB configured with duplication; and either

-
the new UL data belongs to a logical channel with higher priority than the priority of any logical channel already 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';

-
the MAC entity has new UL data available for a logical channel which belongs to an LCG and which is associated with a non-split RB configured with duplication; and either

-
the new UL data belongs to a logical channel with higher priority than or equal priority as the highest priority of any other logical channel(s) already 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';
-
UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC CE plus its subheader, in which case the BSR is referred below to as 'Padding BSR';
-
retxBSR-Timer expires, and at least one of the logical channels which belong to an LCG contains UL data, in which case the BSR is referred below to as 'Regular BSR';

-
periodicBSR-Timer expires, in which case the BSR is referred below to as 'Periodic BSR'.
[Change end]
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