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1 Introduction

In the last RAN2 meeting (#83-bis), alternative 1A and 3C were chosen as the way forward for User plane architecture. Architecture 1A does not involve any “Split Bearer”, for 3C however the BSR calculation/ reporting for the Split bearer needs to be discussed. This contribution takes a closer look at the related aspects.
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Figure 1: Split Bearer UE Protocol Architecture
2 Discussion
2.1 Architecture1A: 

For the case of U-Plane architecture 1A where no bearer split is considered, the BSR reporting is rather straight forward. In this case, UE should simply reuse the legacy BSR reporting separately per each involved eNB. Since, an UL grant received from one eNB can only be used to transmit the data of the radio bearers which are configured between UE and this eNB; the BSR reporting should also mirror this. For the “dual MAC” approach, which is our preference, each MAC entity reports a legacy-like BSR.

Proposal 1: For architecture alternative 1A the legacy BSR calculation/ reporting is performed independently per involved eNB.
2.2 Architecture 3C:

For Arch. Option 3C, it seems reasonable to assume that the RLC transmission/ Re-Tx should be continued only towards the corresponding eNB and therefore:
Proposal 2: RLC Buffer Occupancy is reported only to the corresponding eNB.

Also, the UL grant assignment to the UE should be in line with the actual buffer requirement i.e. for 100 Bytes BO at the UE PDCP, the eNBs should not be led into each assigning 100 Bytes UL grant to the UE. 

Proposal 3: PDCP Buffer Occupancy is not counted twice in BSR calculation by the UE (so that each Byte of PDCP BO is honored only once by the network).

In the following, the paper proposes 4 different alternatives for BSR calculation/ reporting. Alternative 1 and 2 are based on a Ratio; for convenience let us take a ratio of 0.4 such that eNB1 is reported 40% of the PDCP BO and eNB2 is reported 60% of PDCP BO.
For further discussion, let us consider the following example:
	RLC-1 Buffer Occupancy
	RLC-2 Buffer Occupancy
	PDCP Buffer Occupancy

	A
	B
	P


Alternative 1: Fixed ratio derived by the network and signaled to the UE. UE uses this ratio to segregate the PDCP BO that needs to be reported to each eNB.

	UE reporting to eNB1
	UE reporting to eNB2

	A + 0.4*P
	B + 0.6*P


This allows network control on offloading and therefore also facilitates testable requirements. In addition, the signaled ratio could be used to indicate use of only 1 link (eNB) in the UL (e.g. Ratio = 0, UE sends UL data to only eNB1; Ratio = 1, UE sends UL data to only eNB2).
Alternative 2: UE implementation derives the ratio (abiding by the Proposal 2 and 3) and uses this ratio to segregate/ report the PDCP BO. Additionally, the ratio may be signaled to the network so that it can estimate how much scheduling the UE may receive from the other node. The derivation of the Ratio itself in the UE may inhibit testable requirements.
Alternative 3: UE reports the Split-Bearers’ complete PDCP BO to the network and MeNB/ SeNB decide internally in what ratio they may serve the UE. 

	UE reporting to eNB1
	UE reporting to eNB2

	A + P
	B + P


However, the eNB cannot be sure about the RLC and PDCP BO contributions (individually) in the reported BSR and therefore a proportionate serving the UE between eNB1 and eNB2 cannot correctly work out.  
Alternative 4: Another extension of Alternative 3 could be as below, to report “complete” buffer status to each eNB but it also suffers from the same problem and additionally goes against Proposal 2 and 3 which should serve as basic principles.
	UE reporting to eNB1
	UE reporting to eNB2

	A + P; B + P
	A + P; B + P


Further, in alternatives 3 and 4, the network must use a separate/ different logical channel group for such split-bearer(s) otherwise the eNB may not be able to conclude about the contribution of split and non-split bearers in the reported BSR.
From the above discussion it is clear that there are problems with respect to facilitating testable requirements (Alt. 2), in-accuracy and network restriction in using LCG (Alt. 3 and 4). Therefore, we prefer Alt. 1 as the alternative for BSR calculation/ reporting. This Alternative has further the benefit that it makes Secondary eNB implementation simple such that it need not receive any Ratio/ BSR information on Xn from MeNB but rather honor the UE’s BSR in a straightforward way as in Rel. 8/ 9/ 10.
Proposal 4: Alt. 1 (Fixed Ratio derived by the network and signaled to the UE) is selected as the alternative for BSR calculation/ reporting. 
When this ratio is derived by the network and signaled to the UE could be left to the network’s implementation. However, it is FFS if RRC/ Layer-2 signalling should be used for this purpose.
As a final aspect, it does not make sense to split the UL bearer unless the UL traffic is above a certain threshold. This threshold could be configured to the UE by the network. Until this threshold is met, the UE could keep reporting the complete BSR and therefore receive grant, transmit data only towards one of the eNB/ link. Which eNB/ link should be used for this purpose could also be configurable or specified.
Proposal 5: Split the UL bearer only when the UL traffic for the Split Bearer is above a certain threshold.
3 Conclusions
This paper discussed the BSR calculation/ reporting for Arch. 1A and the Split bearer (Arch. 3C). Following proposals are made:
Proposal 1: For architecture alternative 1A the legacy BSR calculation/ reporting is performed independently per involved eNB.

Proposal 2: RLC Buffer Occupancy is reported only to the corresponding eNB.

Proposal 3: PDCP Buffer Occupancy is not counted twice in BSR calculation by the UE (so that each Byte of PDCP BO is honoured only once by the network).

Proposal 4: Alt. 1 (Fixed Ratio derived by the network and signalled to the UE) is selected as the alternative for BSR calculation/ reporting. 

Proposal 5: Split the UL bearer only when the UL traffic for the Split Bearer is above a certain threshold.
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