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1. Introduction
In RAN2#83bis meeting, some companies proposed to only have the DL bearer split in Rel-12 SCE HL. The main intention is to simplify the functionality of bearer split, and reduce the impacts brought by the UL bearer split. In this contribution, the functional differences between DL and UL bearer splits are analyzed in the following sections.
2. Discussion 

2.1. Comparison on the UL options of UP architecture 3C

According to the online meeting discussion during RAN2#83bis, we could have the following 3 options for the UL while using UP architecture 3C (the following analysis is based on the RLC AM mode):

· Option 1 (Figure 1): The UE supports both DL and UL bearer split.

· Option 2 (Figure 2): For one DRB, the UE only supports DL bearer split, and does not support UL bearer split.

· Option 3 (Figure 3): The UE only supports bearer split for DL DRB (DL data transmission), not for UL DRB (UL data transmission).\

The protocol architecture of Option 1/2/3 are given as the follows:
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Figure 1: Option 1
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Figure 2: Option 2
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Figure 3: DL DRB with bearer split and UL DRB without bearer split
A comparison table (which is based on the analysis below) for these options is given in Table 1.

Table 1: Comparison between UL options for 3C
	
	Option 1
	Option 2
	Option 3

	(1) Improvement on the UL per-user throughput
	(
	(
	(

	(2) Enhancement on RLC Statues Report and Polling
	(
	(
	(

	(3) Distinguish the UL DRB from the DL DRB for RLC AM mode 
	(
	(
	(

	(4) UL impacts on MAC and PHY
	(
	(
	(

	(5) Distinguish/route the PDCP PDUs/SDUs per eNB within one PDCP entity
	(
	(
	(


(1) Improvement on the UL per-user throughput 
According to the simulation results given in [1] and [2], the DL bearer split can improve the per-user throughput within an EPS bearer. According to the discussion during previous meetings, the per-user throughput gain of bearer split is achieved by using flow control. If there is no flow control, it seems that there is no gain for the per-user throughput. Some simulation results for the bearer split without flow control can also be found in [3]. For the data transmission of the UL bearer split, the UE has one PDCP entity and two RLC entities for the same EPS bearer. Within the UE, the flow control mechanism can still be applied to achieve a better UL per-user throughput, as illustrated in Figure 1. Then the UE can control the packet flow to be more adaptive to the air-interface channel condition and load conditions between MeNB and SeNB. This can be realized by sending BSRs to MeNB and SeNB with different buffer size. The UE can allocate different amount of PDCP SDUs/PDUs for MeNB and SeNB based on the flow control. As the flow control is within the UE, there is no need to standardize any flow control signaling within the UE. The information exchange across different layers within a UE can be left to the UE implementation. Furthermore the flow control within the UE has no concern on the non-ideal backhaul as the DL flow control.  
(2)  Enhancement on RLC Statues Report and Polling
For the RLC AM mode [4], for Option 2, the RLC Status report has to be sent to the peer RLC entity, and the polling bit also needs to be sent to the peer RLC entity to trigger the RLC Status report. However, if the UE only has DL bearer split as shown in Figure 2, we need to manage how to send the RLC Status Report from the UE to the SeNB RLC entity. As the polling bit is mostly sent due to the case that the RLC entity has not received the RLC Status Report from the peer RLC entity for a relative longer period, and the UE shall response the RLC Status the polling is quite sensitive the transmission latency. The non-ideal backhaul latency may have impacts on the polling performance.
(3) Distinguish the UL DRB from the DL DRB for RLC AM mode

For RLC AM mode, the UE will be configured with one PDCP entity (as shown in Annex 1) and one RLC entity (as shown in Annex 2) which are used for both UL and DL. This means that even if we configure the UE with only DL DRB bearer split as Option 3, many functions of UL data transmission have already be supported. For Option 3, the DL DRB is only used for the DL data transmission, and the UL DRB is only used for the UL data transmission. According to the current specification [5], the UE will always have a DRB with paired UL and DL configuration in RLC AM mode. Then we need to have different DRB configuration to distinguish the DL DRB and the UL DRB, as the current specification does not distinguish the DRB in terms of DL/UL in RLC AM mode. Option 2 also has the same issue.
(4) UL impacts on MAC and PHY 

If the DL DRB supports bearer split, the RLC Status Report and Polling for SeNB can be sent to the peer RLC entity of SeNB directly through the Uu interface between the UE and the SeNB, as shown in Figure 3. However the RLC PDU containing the RLC Status Report is considered by the MAC entity as a normal MAC SDU which has no difference with other MAC SDUs containing the data payload. As the RLC PDU containing the RLC Status Report is also sent to SeNB in Option 3, the impacts on the MAC and PHY layers of Option 3 are the same as Option 1. Considering the BSR report, as the UL RLC Status Report (which needs the BSR to be sent to the eNB corresponds to the bearer) in Option 3 also needs to be sent to the peer entity, there is no big difference between Option 1 and Option 3. Although Option 1 does not support UL bearer split, it can still have UL transmission through either MeNB or SeNB. As such this issue is also available for Option 2.
(5) Distinguish the PDCP PDUs/SDUs per eNB within one PDCP entity

One benefit for Option 2/3 might be that the UE does not need to distinguish the PDCP PDUs/SDUs per eNB within one PDCP entity (more details can be found in [7] [8]), as the UE has no upper layer data (e.g. IP packet) sent through the split bearer. Option 1 requires the UE to support the UL data routing at the PDCP so as to support the UL bearer split. Option 2/3 does not need such funtion as the UE has no bearer split at the PDCP (as shown in Figure 3).From our understanding, there are lots of ways to distinguish the PDCP PDUs/SDUs per eNB within one PDCP entity. For exmple, the UE can allocate one buffer for MeNB and one buffer for SeNB for one PDCP entity. 
3. Conclusion
In this contribution, we analyze the UL bearer split from the perspectives of performance and functionality. Based on the obove comparisons, there is no big difference between Option 1and 3 considering the functional complexity, but Option 1 is able to provide better per-user throughput at the UL. For Option 2, the non-ideal backhual latency for the transmission of RLC Status Report and Polling could cause more issues which should be discussed further. Thus we think that the UL bearer split should be supported along with the DL bearer split.

Proposal: It is proposed to have both DL and UL bearer split.
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Annex 1

The following diagram is extracted from TS 36.323 [6]:
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Annex 2

The following diagram is extracted from 36.322 [4]:
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Figure 4.2.1.3.1-1: Model of an acknowledged mode entity
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