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1. Introduction
This paper discusses whether UL data is transmitted to one eNB only or split across eNBs [1].
2. Discussion
When DL DRB splitting is applied, the following options for UL can be considered:
Option 1:

UL DRB splitting.
Option 2:

UL data is transmitted to either MeNB or SeNB [2].

Option 3:

UL data is always transmitted to MeNB.


NOTE:

RLC STATUS PDUs are transmitted to corresponding eNBs via the corresponding Uu interface [1].
According to the simulation analysis provided in [3], UL DRB splitting is likely to outperform the non-splitting case in the low-to-medium system load. On the other hand, the quantified gain looks different compared to the one of DL DRB splitting (e.g., Figure 7.1.1.1.2-1 in TR 36.842). Perhaps, it is due to the limited UE transmission power as guessed in [4]. Complexities in terms of BSR, LCP and PDCP reordering were raised in the past meetings. For these features, solutions for UL DRB splitting could be specified. However, it would require a certain time to converge and form opinions on the solution having reasonable complexities. In light of the tight Rel-12 schedule, it is worthwhile assessing the urgent need of UL user throughput enhancements.
Table 1 shows the statistics of data traffic in Japanese mobile networks [5]. These statistics were measured on 6 mobile operator networks. The amount of UL data traffic was increased considerably in a year as well as DL. Nevertheless, the traffic trend is still asymmetric such that DL data traffic is much heavier than UL. From the observed traffic trend, DL throughput enhancements are deemed urgent and of higher priority. As such, the following is proposed:
Proposal 1:

UL DRB splitting should be deprioritised in Rel-12.
Table 1:
Statistics of mobile network traffic in Japan (data only, September 2013) [5]

	Measured traffic
	Uplink
	Downlink
	UL:DL ratio

	Average traffic counted on GGSN/EPC per month

(Increase from the last year)
	56.6 Gbps
(+ 72 %)
	489.8 Gbps
(+ 65 %)
	1 : 8.7

	Average traffic per user per month

(Increase from the last year)
	389 bps
(+ 60 %)
	3363 bps
(+ 54 %)
	1 : 8.6


If UL DRB splitting is agreed to deprioritise, the remaining options are Option 2 and 3. Option 3 seems too restrictive so that SeNB (small cells) cannot be used to accommodate UL data traffic at all. The UL system capacity remains the same as in the macro only network. In contrast, Option 2 enables to offload UL data traffic to small cells. Even though the amount of UL data traffic is not heavier than DL, Rel-12 Dual Connectivity should be able to address the growing traffic as shown in Table 1. 
Table 2 shows the results of system level simulation in terms of UL throughput performance. 4 small cells operating 3.5 GHz are randomly deployed per a macro cell operating 2 GHz. For Option 2, a UE selects a serving cell based on RSRQ. The other simulation assumptions are found in the Annex section. According to the RSRQ based cell selection, 80 % of UEs are offloaded to small cells for Option 2, while all UEs use a macro cell to deliver UL data for Option 3. As a result, average user throughput for Option 2 is 4.4 times higher than Option 3. Total throughput per macro area is 5.3 times higher as well. From operator’s perspective, Option 2 can be a cost-effective solution as the number of deployed small cells. Even for Option 3, the same throughput performance as Option 2 can be achieved by setting a cell in SeNB to PCell. However, this requires inter-frequency handover between MeNB and SeNB which would incur the mobility robustness and the signalling load issues studied under the SCE SI [6]. The assumption should be the same in the SI phase that mobility is served by the macro cell layer. Furthermore, Option 2 is configured by RRC. In other words, the UL data path is configured semi-statically rather than dynamic change, e.g., TDM based switching. Consequently, the following is proposed:
Proposal 2:

UL data should be transmitted to either MeNB or SeNB only while DL DRB is split.
Proposal 3:

UL data path should be able to change by RRC reconfiguration.
Table 2:
Throughput performance comparison between Option 2 and 3
	UP data path options
	Macro UE ratio
	Average user throughput (Mbps)
	5 % user throughput (Mbps)
	Total throughput per macro area (Mbps)

	Option 2
	20 %
	4.60
	1.86
	59.67

	Option 3
	100 %
	1.04
	0.57
	11.29


If Option 2 is agreed to work on, there are the following two cases:

Case 1:

UL data is transmitted to MeNB while DL DRB is split.
Case 2:

UL data is transmitted to SeNB while DL DRB is split.
For Case 1, UL/DL U-plane data flow is illustrated in Fig.1(a). For Case 2, two alternatives can be considered as illustrated in Fig.1(b) and 1(c). That is either Alt.1A or 2C for UL, while DL is Alt.3C [6]. In any of these cases, there is no specification impact to MAC and RLC [2]. With regards to PDCP, if UL DRB is configured towards SeNB by Alt.1A, there are a few cases that PDCP control PDUs have to be forwarded from SeNB to MeNB [2]. This is due to the fact that PDCP is located in different eNBs as illustrated in Fig.1(b). In contrast, such an issue does not exist for Alt.2C as PDCP is located in the same eNB as illustrated in Fig.1(c). Furthermore, the following additional PDCP features required for the DRB split operation are not necessary for UL:
· Radio bearer mapping and PDCP PDU split (at UE).

· PDCP PDU reordering for different RLC streams (at MeNB).
Since Alt.2C can be regarded as a sub-option of Alt.3C, it would be sensible to support Option 2 by Alt.2C. This approach also enables smooth migration to UL DRB splitting in future. Therefore, the following is proposed:
Proposal 4:

U-plane architecture Alt.2C should be adopted while DL DRB is split.
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(a) UL DRB on MeNB

(b) UL DRB on SeNB by Alt.1A
(c) UL DRB on SeNB by Alt.2C

Fig.1:

Architecture alternatives for UL DRB handling Option 2
3. Summary and proposal
With regards to UL DRB handling for Dual Connectivity, This paper proposed as follows:
Proposal 1:

UL DRB splitting should be deprioritised in Rel-12.
Proposal 2:

UL data should be transmitted to either MeNB or SeNB only while DL DRB is split.
Proposal 3:

UL data path should be able to change by RRC reconfiguration.

Proposal 4:
U-plane architecture Alt.2C should be adopted while DL DRB is split.
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Annex
Simulation assumptions

	Parameters
	Assumptions

	Cell deployment
	Marco cell: hexagonal grid, 3 sectors per site, case 17 Macro sites, wraparound

Small cell: Random deployment, 4 cell / macro sector

	Minimum 2D distance
	Small-small: 20 m, Small-UE: 5 m

	Cell selection
	RSRQ

	Total BS Tx power
	Macro cell: 46 dBm, Small cell: 30 dBm

	System bandwidth
	10 MHz

	Carrier frequency
	Macro cell: 2 GHz, Small cell: 3.5 GHz

	Distance-dependent path loss/penetration/shadowing
	Macro cell: ITU Uma, Small cell: ITU Umi

	Traffic model
	Full buffer

	UE distribution
	10 UEs/sector, outdoor UE only

	UE receiver
	MMSE

	UE moving speed
	3 km/h

	Antenna configuration
	1x2

	Control delay
	6 ms

	Total UE Tx power
	Maximum 23 dBm, α = 0.9, P0 = -90

	Overhead
	SRS period: 5 ms, 4 PRBs for PUCCH

	Target BLER
	10 %
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