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1. Introduction

gNB schedules UL transmission based on BSR. The uplink pending data reported by UE in BSR (buffer status report) may not be completely transmitted in source side during handover. This paper proposes to transfer remaining BSR to target in handover. 
2. Discussion

Figure 1 is the handover procedure as defined in section 9.2.3 of TS 38.300. 
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Figure 1: Handover procedure
In handover preparation phase, UE context is transferred to the target in step 3. 

BSR has information of UL pending data for each LCG as shown below (pictures from 38.321).
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Figure 6.1.3.1-1: Short BSR and Short Truncated BSR MAC CE
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Figure 6.1.3.1-2: Long BSR, Long Truncated BSR, and Pre-emptive BSR MAC CE

For a LCG, UE may have reported X bytes pending UL data in BSR. Before UE switches to target (before step 8), source gNB may have successfully scheduled D bytes of UL data for this LCG. Then, there are X-D bytes remaining for the LCG based on the UE reported BSR. We call it remaining BSR. The remaining BSR is not transferred in step 3 and neither in the following procedure.

Observation 1: Remaining BSR information is not transferred to target in handover.

Without the pending UL data information, gNB blindly grants resource for UL transmission until UE reports new BSR. The UL grant may be either too big or too small. Unnecessary big UL grant leads to radio resource waste. 

If the UL grant is too small, the UE may report BSR using it and wait for further UL grant. This increases the UL delay.

Observation 2:  Without the pending UL data information, the target gNB blindly grants resource for UL transmission until UE reports new BSR. The UL grant may be either too small or too large.
Observation 3: Too small UL grant increases UL traffic delay. Too large UL grant leads to radio resource waste. 

After source gNB stops transmission, it sends SN Status Transfer message to target gNB. If source gNB can include remaining BSR in the SN Status Transfer message as below, the above blind UL grant issue can be resolved. 

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	ignore

	Source NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated for handover at the source NG-RAN node and for dual connectivity at the NG-RAN node from which the DRB context is transferred.
	YES
	reject

	Target NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated for handover at the target NG-RAN node and for dual connectivity at the NG-RAN node to which the DRB context is transferred.
	YES
	reject

	DRBs Subject To Status Transfer List
	M
	
	9.2.1.14
	
	YES
	ignore

	Remaining BSR
	O
	
	OCTET STRING
	Container of Buffer Status Report MAC CE as defined in 3GPP TS 38.321 [35], derived by subtracting transmitted uplink data from UE reported Buffer Status Report.
	YES
	ignore


Following alternative solutions were discussed for UL delay reduction:

· 2-step RACH: with the introduction of 2-step RACH in R16, early reporting BSR in MsgA was discussed. This is not a good choice because MsgA capacity is very small and expensive. We should not rely on MsgA for BSR early reporting;
· SPS/CG: This solution cannot resolve the blind UL grant issue.
· Conservative scheduling: Big grant in first available UL scheduling opportunity, this wastes radio resource.

The SN Status Transfer message is backhaul message and therefor transfer remaining BSR has no cost on air interface.
Observation 4: Transfer remaining BSR in backhaul is more efficient than the alternative solutions.  
Proposal 1: Include remaining BSR in the SN Status Transfer message.
3. Conclusions
The following observations have been made in this document:
Observation 1: Remaining BSR information is not transferred to target in handover. 
Observation 2:  Without the pending UL data information, the target gNB blindly grants resource for UL transmission until UE reports new BSR. The UL grant may be either too small or too large.
Observation 3: Too small UL grant increases UL traffic delay. Too large UL grant leads to radio resource waste. 

Observation 4: Transfer remaining BSR in backhaul is more efficient than the alternative solutions.  
Based on the observations and analysis, we have following proposal.

Proposal 1: Include remaining BSR in the SN Status Transfer message.
The associated CR is provided in R3-210343.
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