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1 Introduction

RAN2#85 discussed PBR operation for 3C bearer without consensus. Common bucket model is one of candidates. This contribution analyses the drawbacks of the common bucket approach and proposes a way-forward to adopt separate bucket approach.  
2 Discussion
Drawbacks of common bucket approach

As pointed out in [85#22][LTE/DC] UL bearer split, couple of drawbacks were identified as below.

· Uplink transmission towards one Cell Group drains the bucket tended to be used for the other cell group.
· Not complying with the independent MAC entity/operation
· Not complying with the current signalling structure
Since the latter two drawbacks are more about specification details, we would focus on the first one in this paper. It is argued that PBR is per-RB parameter which would be true in terms of its intention. If prioritisedBitRate is set to 32 kBps and bucketSizeDuration to 100 ms, token will increase 32 Byte every TTI up to 3200 Byte. In the common bucket model, the token (which may be between 0 ~ 3200 Byte) will be consumed by uplink transmission either in the MCG or in the SCG. Assuming DC is configured with the split ratio of x%: 100-x%. The uplink transmission would be ideally split by x % and [100-x] %. If the total throughput is close to PBR, the split would be fair between cell groups (i.e. x % of tokens consumed by MCG and [100-x] % of tokens consumed by SCG). If the total throughput is well exceeding PBR(which would be a general case when DC is configured), the token will be mostly consumed by the dominant cell group. The problem is more visible if the split ratio is configured to 0: 100. In general, even a single PDCP SDU transmission in the SCG may drain token bucket completely. For MCG transmission to take any token, two things need to be guaranteed; 1) no PDCP SDU is transmitted for certain time duration before MCG RLC L2 ACK transmission and 2) the inter-arrival time between PDCP SDUs is long enough to allow sufficient token to be collected. It wouldn’t be common that both points are met together in high data rate communication. 
Observation 1: Common bucket approach would starve the uplink transmission in one cell group if split ratio is configured to 0: 100.
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One can argue that it doesn’t matter because the PBR is guaranteed in bearer level regardless of one cell group’s starvation. However, it matter in practice because PBR would be more valuable in MCG for L2 ACK which would be a key factor to ensure the benefit of DL split. 
Separate bucket approach
The intention of PBR is to guarantee at least x kBps minimum data rate for a certain bearer. It actually doesn’t matter whether the minimum data rate is achieved by which cell group’s transmission. For an operator to guarantee e.g. 32 kBps minimum data rate for a DRB, there would multiple ways with separate bucket approach.  

	uplink data rate of the concerned DRB are URmcg and URscg in each cell group

	
	PBR of MCG
	PBR of SCG
	Note

	Configuration 1
	16 KBps
	16 KBps
	Bearer level PBR is guaranteed if URmcg + URscg > 32 KBps; Achieving 32 KBps uplink data rate in SCG would not be difficult even without PBR

	Configuration 2
	8 KBps
	32 KBps
	

	Configuration 3
	32 KBps
	0 KBps
	


In dual connectivity, guaranteeing certain minimum data rate would be easier even without the aid of PBR because the uplink in SCG would provide higher data rate due to lower number of UEs and higher spectral efficiency. 

Observation 2: Providing bearer level minimum data rate would be easier in dual connectivity; hence the need for fine tuning of PBR is not required.  
PBR is already defined as per-logical channel parameter. In dual-MAC model, text relevant to PBR operation in MAC would be reused as they are. Hence no specification change is expected with the separate bucket approach.
Observation 3: No RRC change is required to introduce the separate bucket solution to the current specification.
3 Conclusion
Based on the following observations;

Observation 1: Common bucket approach would starve the uplink transmission in one cell group if split ratio is configured to 0: 100.
Observation 2: Providing bearer level minimum data rate would be easier in dual connectivity; hence the need for fine tuning of PBR is not required.  
Observation 3: No RRC change is required to introduce the separate bucket solution to the current specification.
It is proposed to adopt the separate bucket approach, which provides the sufficient means to fulfil the intention of the PBR and brings less specification impacts.
Proposal 1: PBR is configured separately for each of logical channels of a split bearer.
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