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1 Introduction

In RAN2 #97bis, the following agreement has been reached on SR/BSR:
Agreements on SR/BRS
-
The SR should at least distinguish the “numerology/TTI type” of the logical channel that triggered the SR (how this is done is FFS).   

-
The existing LTE BSR framework is used as baseline for NR BSR framework.  Further enhancements at least related to numerologies and granularity and can be further discussed.
In this contribution, we propose enhancements to triggering and cancellation conditions for BSR. 

2 Discussion
2.1 Enhancements to triggering conditions
In the LTE baseline, new data triggers BSRs only if it arrives in an empty buffer or its priority is higher than the ones reported in the last BSR.  Otherwise, BSRs (except padding BSRs) are sent periodically, independent from data arrivals or UL transmissions.  A major limitation of this design is that if new data belongs to the same or lower-priority logical channel (LCH) reported in the last BSR, it will not be reported until the next periodic BSR.  If there is no subsequent new data of higher-priority arrives to trigger a BSR, the data in low priority LCHs could risk being underserved, because the gNB is not aware of the new data.   To prevent possible underserving, periodic BSRs need to be configured with short periods.  But short reporting periods can result in redundant reports and thus excessive overheads.  For these reasons, we believe event based reporting is more efficient than the periodic BSR in the LTE baseline and should be added to NR.  This idea also has been discussed in several recent contributions [2]
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Ideally, a BSR should be included in a MAC PDU if there has been any new data, irrespective of its priority, since the last BSR.  This enhancement helps keep gNB informed with the latest buffer status. However, since new data could arrive frequently, this approach could potentially result in high overheads.  We think this problem can be fixed by adding extra conditions on when a BSR can be included in a MAC PDU, based on whether reporting is critically needed or it does not make up much overhead:  

· Condition 1:  If a received UL grant is larger than a configured threshold, i.e. if a BSR makes up only a very small overhead, then UE should include a BSR in that MAC PDU;

· Condition 2:  If the amount of new data is N times more than what are reported in the last BSR. In this case, since the change in buffer size is large, a BSR should be sent as soon as possible to update the network;

· Condition 3:  When the amount of data that is reported in the last BSR but has not been scheduled drops below a threshold.    
This event-triggered BSR should be an addition, instead of a replacement, to different types of BSRs defined in the LTE baseline.  For example, periodic BSRs can still work together with the existing retx_BSRs to help avoid deadlock situations in case of SR or BSR failures.  But we’d recommend to extend the default period of periodic BSRs, so that they are not triggered in most cases.  
Proposal 1:  In addition to BSR triggering conditions defined in the LTE baseline, a UE should include a BSR in a MAC PDU if there has been new data since the last BSR and one of the following conditions are met: 
· The received UL grant is larger than a threshold K1;

· The amount of new data is K2 times more than what is reported in the last BSR;
· The amount of data that is reported in the last BSR but has not been scheduled yet drops below a threshold K3.  
The thresholds K1, K2 and K3 should be configured by network. 

2.2 Enhancements to cancellation conditions
In the LTE baseline, a BSR is cancelled if the UL grant(s) in a TTI can accommodate all buffered data available for transmission but is not sufficient to accommodate a BSR and its subheader.
BSR cancellation helps avoid unnecessary segmentation, which is important for scheduling small amount of high-priority data.  For example, suppose a UE has 10 bytes of data waiting to be sent. A periodic BSR is triggered before a UL grant is received. Suppose the grant provides just enough resources to include the 10-byte data and MAC subheaders, but not enough to include the BSR. If the BSR is included in the MAC PDU, then only 6 bytes of data can be sent in the first transmission and the remaining 4 bytes have to wait until the next MAC PDU, which unncessarily increases latency. In this type of cases, BSR cancellation is useful and important.
On the other hand, BSR cancellation does have an impact on processing time. When preparing a MAC PDU with a BSR included, the UE first pre-calculates the total size of all MAC subheaders and MAC control elements in the PDU (i.e. the overheads).  When it recevies a UL grant, it deducts the size of the overheads from the granted resources. Then the remaining resources determines how much data can be sent, and the LCP procedure is performed based on that.  In the last step before sending out the MAC PDU, UE checks if the BSR should be cancelled.  If that is the case, then UE has to repeat the process of building the MAC PDU and the LCP procedure.  Therefore, if BSR cancellation does happen, it can nearly double the processing time.  This extra step can become even more challenging when UE has multiple UL grants to process in a TTI.  In that case, UE has to wait until all UL grants are processed before it can start building MAC PDUs, which means it would leave much less time for rebuilding MAC PDUs should BSR cancellation is required. 
For the reasons described above, we propose to relax the BSR cancellation requirement when UE receives multiple UL grants, i.e. UE can decide whether to cancel a BSR based on the budget it has for the processing time, even if the condition for cancellation is met. Unlike the case for high-priority data explained earlier, we do not expect this relaxed condition to have a significant impact on the efficiency of UL transmission. This is because if a UE has multiple transport blocks to send, BSR is only a very small percentage of overhead. And the resulting segmentation has only a small impact on the transmission efficiency, as a large amount of data is already sent in one TTI.
Proposal 2:  When a UE receives only one UL grant in a TTI, the BSR cancellation condition should be the same as that in the LTE baseline.  Otherwise, UE should have the option to decide if a BSR should be canceled and this decision should be implementation dependent.
3 Summary
Based on the above discussions, we recommend RAN2 discusses the following proposals:
Proposal 1.  In addition to BSR triggering conditions defined in the LTE baseline, a UE should include a BSR in a MAC PDU if there has been new data since the last BSR and one of the following conditions are met: 

· The received UL grant is larger than a threshold K1;

· The amount of new data is K2 times more than what is reported in the last BSR;

· The amount of data that is reported in the last BSR but has not been scheduled yet drops below a threshold K3.  
The thresholds K1, K2 and K3 should be configured by network. 

Proposal 2.  When a UE receives only one UL grant in a TTI, the BSR cancellation condition should be the same as that in the LTE baseline.  Otherwise, UE should have the option to decide if a BSR should be canceled and this decision should be implementation dependent.
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