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Introduction
In RAN2#101 meeting, the issue of the lack of BSR trigger upon new data arrival for an URLLC LCH mapped on a duplicated DRB over CA was initially discussed online based on [1], which resulted in the following FFS:
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

The issue was further acknowledged by other companies’ contributions at RAN2#101bis [2]-[5]. In this contribution, we further analyse the different solutions proposed online and offline by some companies based on the current MAC, and conclude that none is sufficient to address the issue efficiently. Therefore we propose a simple fix to the specification. 
Discussion
1.1. [bookmark: _Ref510173852]Description of the issue
One initial motivation of supporting packet duplication was to address the tight latency requirements of URLLC traffic. Therefore, it is logical that once the duplication is configured for a DRB carrying URLLC data, the network should be aware of new data arrival for such DRB as soon as possible. Support of URLLC data in NR MAC resulted in new designs for UE’s MAC to address such traffic type with a particular treatment, e.g.:
· LCP restrictions were introduced to map data from such logical channels to appropriate UL grants (e.g. based on grant numerology, latency, etc)
· A sophisticated scheduling request (SR) mechanism was designed to specifically address SRs issued from URLLC logical channels, so that network can quickly respond with an appropriate UL grant.
· Conditional SR trigger upon availability of coming UL-SCH was refined to not delay any SR triggered by an URLLC LCH.   
However, the current BSR trigger mechanism upon new data arrival is still reflecting the legacy behavior, as captured in TS38.321 [6] Section 5.4.5:

	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';
-	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'.



Now, an URLLC service mapped on a DRB configured with CA duplication is served with two logical channels from the same MAC entity, expected to be configured with the same priority. As soon as any of the two logical channels has (even little) pending data for transmission while the other LCH has no more pending data, the above yellow-highlighted condition is not fulfilled and no BSR is triggered (Figure 1, left).



[bookmark: _Ref509505138]Figure 1: BSR not triggered upon new URLLC data arrival
Observation 1: New data arrival of a URLLC service mapped onto a CA-duplicated DRB may not trigger a BSR even though one of the serving LCHs has no pending data for transmission.

But an even more worrisome issue is, as pointed out in [2], that even when none of the duplicated LCHs have any pending data, a BSR will not be triggered by new data coming for the URLLC DRB. Indeed, as shown in Figure 1 right, any time the MAC entity has new data available for this DRB, this data is instantly made available simultaneously for each associated LCH, thus excluding each other from triggering BSR.

Observation 2: As currently specified, any new data arrival of an URLLC service mapped onto a CA-duplicated DRB never triggers a BSR.
1.2. Possible solutions based on current MAC
When discussed online and offline, some companies suggested different solutions based on the current MAC specification. We discuss these solutions below.
· Periodic BSR
Clearly, if the regular BSR, normally triggered upon new data arrival, is not triggered or delayed, the network will eventually be aware of the new data from the periodic BSR. However the current minimal value of the periodicBSR-Timer is 1ms which may be considered too long as reaction time for new URLLC data. In addition, although possible, we do not think it is a spectral and power efficient solution to configure the periodicBSR-Timer to such minimal value for the lifetime of a URLLC channel. 
Observation 3: The periodic timer does not provide a fast-enough reaction time for URLLC and is an inefficient and costly solution, from spectral efficiency and power consumption perspectives. 
· Configuring configured grants on both legs
Configured grants are indeed one of the new features NR provides in support of URLLC services. However, considerable time and efforts were spent in enhancing the legacy the SR mechanism in support of URLLC data. Therefore it would defeat the purpose of all these efforts to consider that only configured grants can serve URLLC data. In addition, configured grants also have their limitations, e.g. the size and MCS of the grant is fixed, the period cannot be too short, etc…
Observation 4: Configured grants cannot be considered as the only NR tool for serving URLLC data.
· Periodically provide the empty leg with dynamic grants
This solution is very similar to the configured grant approach, except it is more dynamic and flexible: dynamic grants can be provided at any rate to the empty leg with sufficient allocation size and adapted MCS. However the same remark can be made about the SR mechanism and, in addition, it looks quite costly in terms of PDCCH load, and even though the grant can be skipped, it is not expected to be used by anyone else, hence it results in lot of wasted UL resources. Flooding a UE with dynamic scheduling is not appropriate for addressing this issue.
Observation 5: Flooding a UE with dynamic scheduling is not appropriate for addressing this issue.
1.3. [bookmark: _Ref513640452]Proposed fix
It results from the above analysis that no existing solution satisfactorily addresses the issue described in Section 2.1. Therefore we suggest a minor fix in the BSR trigger procedure to properly address the duplicated bearer over CA: it only requires adding an exception to the condition “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” for the twin LCH of a duplicated bearer.
Proposal 1: Add an exception to the condition for BSR trigger “the new UL data belongs to a logical channel with higher priority… which belong to any LCG” for the twin LCH of a duplicated bearer.
A resulting proposed TP is 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, except, if allowedServingCells is configured and applies to the logical channel, the logical channel, if any, 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';
-	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'.


Conclusion
This contribution further analyzes the issue of the lack of BSR trigger upon new data arrival for an URLLC LCH mapped on a duplicated DRB over CA raised in [1]- [5]. The resulting observations and proposal are as follows. We also provided a TP in Section 2.3 and an associated CR [7] based on the latest rapporteur’s CR [6].
Observation 1: New data arrival of a URLLC service mapped onto a CA-duplicated DRB may not trigger a BSR even though one of the serving LCHs has no pending data for transmission.
Observation 2: As currently specified, any new data arrival of an URLLC service mapped onto a CA-duplicated DRB never triggers a BSR.
Observation 3: The periodic timer does not provide a fast-enough reaction time for URLLC and is an inefficient and costly solution, from spectral efficiency and power consumption perspectives. 
Observation 4: Configured grants cannot be considered as the only NR tool for serving URLLC data.
Observation 5: Flooding a UE with dynamic scheduling is not appropriate for addressing this issue.
Proposal 1: Add an exception to the condition for BSR trigger “the new UL data belongs to a logical channel with higher priority… which belong to any LCG” for the twin LCH of a duplicated bearer.
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