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1. Introduction
A new WI on Dual Connectivity enhancements was approved at RAN #67 [1]. The following objectives are in the realm of RAN2:
· UL bearer split.

· UE reporting method on the SFN and subframe offset between MeNB and SeNB.
According to the suggested work plan, RAN2 starts to look into the U-plane aspects of UL bearer split, whereas the SFN/subframe reporting is planned to start after RAN2 #91 by email discussion [2]. This paper summarises the overall U-plane aspects of UL bearer split by recalling the discussion history and the agreements in Rel-12.
2. Discussion
How UL bearer split can be realised in terms of PHY/MAC/PDCP was extensively discussed by email in Rel-12 [3]. As the outcome of email discussion, several proposals were made, however they were not discussed in the on-line session . In this section, each proposal is reviewed taking into account what was agreed for Rel-12 DC.
2.1. Logical Channel Priority
The followings were proposed during the email discussion in Rel-12 [3]:
· Separate buckets are used for DL/UL bearer split.

· To reflect RLC status PDUs in the BSR for DL/UL bearer split, no new mechanisms are introduced, each MAC entity can rely on existing buffer size calculations at RLC.
After deciding to support the split bearer only in DL, the followings were agreed at the #87bis meeting [4]:
· Separate buckets shall be used for split bearers.
· It is up to network configuration to ensure that RLC status reports do not get stuck in UL.
In light of these facts, it is quite reasonable to follow the past proposals and agreements for UL bearer split as well. The followings are proposed:
Proposal 1:
RAN2 is respectfully asked to confirm that separate buckets shall be used for UL split bearers.
Proposal 2:
RAN2 is respectfully asked to confirm that for UL bearer split, it is up to network configuration to ensure that RLC status reports do not get stuck in UL.
2.2. Scheduling Request
In Rel-12 DC, two independent SR procedures can run in parallel according to the introduction of two MAC entities. With this principle, all of the companies who joined the email discussion thought that the existing SR mechanism is sufficient for DL/UL bearer split. As such, the following is proposed:
Proposal 3:
The Rel-12 SR triggering mechanism is sufficient to handle the arrival of PDCP PDUs for UL bearer split.
2.3. Uplink Power Control
For Rel-12 DC, two types of power control mode were introduced to support synchronous and unsynchronous network operations [5]. It does not matter the bearer type (i.e., split or SCG), since both of them looks the same from the power control point of view that two PUSCHs are transmitted simultaneously towards different eNBs. The same proposal was made during the email discussion in Rel-12. Thus, the following is proposed:
Proposal 4:

No additional power control scheme is required for UL bearer split.

2.4. PDCP buffers
During the Rel-12 email discussion, the queuing mechanism of PDCP buffers was discussed. The question was whether the UE maintains one PDCP buffer or two separate buffers for MeNB and SeNB into which incoming UL data is split. The majority view was to maintain one PDCP buffer since the separate buffer cannot utilise the available UL grant in a flexible way. For instance, even if an UL grant has a spare capacity after accommodating the buffered PDCP data, it cannot be used for the data buffered into the separate queue. Therefore, the following is proposed:
Proposal 5:

The UE maintains one PDCP buffer per split bearer.
2.5. BSR
The most contentious issue in Rel-12 was the mechanism to calculate the data available for transmission at PDCP. There were four alternatives proposed in Rel-12 below:
Alt.1:

Double reporting [6]

The same amount of available data is reported to both eNBs. Coordination between the two eNBs is required to assign UL resources across them. An example is to negotiate the split ratio of UL resources. The split ratio is determined and configured when a split bearer is configured, e.g., based on the ratio of the system bandwidth between the two eNBs. The split ratio could be updated according to the UL throughput history, for instance. With this alternative, the direction of PDCP data transmission is not restricted, i.e., the UE transmits PDCP PDUs toward the eNB which provides a UL grant.
Atl.2:

Single reporting [7, 8]
The all available data is reported to one eNB (MeNB or SeNB). One eNB which received a BSR shares the BS to the other eNB. For instance, the received BSR is forwarded as it is or the eNB forwards the rest of BS after deciding the UL resources on itself. With this alternative, the direction of PDCP data transmission is not restricted, i.e., the UE transmits PDCP PDUs toward the eNB which provides a UL grant.
Alt.3:

Split data reporting [9]
The amount of available data is split into two and reported to MeNB and SeNB respectively. The split ratio is obtained from the eNB by the RRC signalling. Alt.1, i.e., double reporting can be covered by setting the ratio to 100:100. The proposal to include the available data in RLC only can also be covered by setting the ratio to 0:0 [3]. With this alternative, the direction of PDCP data transmission may or may not be restricted, i.e., the UE transmits the certain number of PDCP PDUs toward each eNB which is determined by the split ratio.
Alt.4:

Threshold based splitting [10]
If the amount of available data exceeds a threshold, the UE reports a buffer status to both MeNB and SeNB; one is equal to the threshold value and the other is the exceeded data over the threshold. Otherwise, the UE reports a buffer status to one eNB (MeNB or SeNB). With this alternative, the direction of PDCP data transmission may or may not be restricted, i.e., the UE transmits the certain number of PDCP PDUs toward each eNB which is determined by the threshold.
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Figure 1:

Alternatives of BSR for UL bearer split

In this sub-clause, qualitative analysis is attempted to narrow down the alternatives.
With regards to eNB scheduler response to BSR, namely the latency for the eNB to issue an UL grant upon receiving the BSR, Alt.2 has a drawback since it requires forwarding the BS to the other eNB. Due to the latency of non-ideal backhaul, an UL grant from the eNB which obtained the BS via non-ideal backhaul is delayed. The delayed UL grant would result in deteriorating the UL throughput or wasting the UL resources in the worst if the UE has already transmitted all the buffered data to the another eNB. In contrast, the other alternatives do not have such a drawback since a BSR is reported to each eNB on the air.
With regards to UE implementation, Alt.2 has no impact since the BSR mechanism is the same as in Rel-12. Although Alt.1 is different from the existing BSR, it is not so complex as the BSR is just duplicated and sent to the two eNBs. Alt.3 and 4 requires the most implementation efforts among the alternatives as it requires to split the BSR using a threshold (for Alt.4). 
With regards to eNB implementation for UL resource coordination, there would not be significant difference among Alt.1/2/3 because anyway the coordination mechanism to decide the split ratio of UL grant or BSR is needed. The complexity of the coordination mechanism depends on whether the split ratio is (semi-)static or dynamic during the split bearer operation. Alt.4 may not require the eNB coordination during the split bearer operation as long as the threshold is appropriate.

With regards to the signalling overhead on the air, Alt.2 is the least overhead as it is the same as in Rel-12. Alt.4 can achieve the 2nd least overhead due to the threshold approach. In contrast, Alt.1/2 always sends a BSR to both eNBs. In addition, Alt.3 requires RRC signalling if the split ratio is modified during the operation of split bearer.
Table 1: Summary of qualitative comparison
	Comparison item
	Alt.1
	Alt.2
	Alt.3
	Alt.4

	eNB scheduler response to BSR
	
Smaller delay than Alt.2
	
Large delay due to non-ideal backhaul
	
Smaller delay than Alt.2
	
Smaller delay than Alt.2

	UE implementation
	
Duplicate BSR
	
Same as in Rel-12
	
Split ratio
	
Split ratio + threshold

	eNB implementation for UL resource coordination
	 <-> 
Required
	 <-> 
Required
	 <-> 
Required
	
Not required

	Signalling overhead on the air
	
2 BSRs
	
Same as in Rel-12
	
2 BSRs + RRC
	 <-> 
1 or 2 BSRs


Table 1 summarises the above comparison. From the eNB scheduler response aspect, Alt.2 seems not a viable solution. If Alt.1 is compared to Alt.3, the difference comes from the UE implementation and signalling overhead on the assumption that the similar level of eNB coordination is required for UL resource coordination. In that sense, Alt.1 can be selected. With regards to the comparison between Alt.1 and 3, it is a bit premature to select one of them from the above qualitative analysis. It is also not clear if which alternative can achieve better UL throughput gain. Consequently, the following is proposed:
Proposal 6:

The following alternatives of BSR are studied for further.
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Alt.4:

Threshold BSR splitting
3. Summary and proposal
This paper investigated the overall U-plane aspects of UL bearer split. In conclusion, the followings were proposed:
Proposal 1:
RAN2 is respectfully asked to confirm that separate buckets shall be used for UL split bearers.

Proposal 2:
RAN2 is respectfully asked to confirm that for UL bearer split, it is up to network configuration to ensure that RLC status reports do not get stuck in UL.
Proposal 3:
The Rel-12 SR triggering mechanism is sufficient to handle the arrival of PDCP PDUs for UL bearer split.
Proposal 4:
No additional power control scheme is required for UL bearer split.
Proposal 5:
The UE maintains one PDCP buffer per split bearer.
Proposal 6:

The following alternatives of BSR are studied for further.
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Alt.4:

Threshold BSR splitting
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