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1. Introduction
At RAN2#83, the conditions to achieve per-user throughput gains close to the technology potential by inter-node UP aggregation (INUPA) were agreed [1]. This paper discusses some of the conditions shown below:
a) The load in the system is low to medium.
b) Users are distributed appropriately (number of UEs served by the macro cell is sufficiently low so that it has resource to allocate to pico UEs).
c) Bearer split is supported.
2. Discussion
· System load (low to medium):

The agreement a) was deduced from the throughput performance provided in [2]. In other words, it was thought that the attractive gain cannot be achieved under the high system load. These findings are true and have been known since Rel-10 CA, especially for the site reuse scenarios (CA scenario #1 - #3). For small cell deployments, another dimension to these observations can however be considered. Deploying small cells is motivated to cope with a huge amount of traffic in the densely-populated area. If the heavy traffic load is observed in a certain area, an operator will deploy a reasonable number of small cells. This would result in easing the traffic load per cell. In proportion to the number of small cells, the offered load in the system becomes lower resulting in the increase of average user throughput as shown in [3] (see Annex). As such, the condition of low-to-medium system load should not be interpreted as a negative condition, on the contrary is a realistic and reasonable condition for small cell deployments. The gain achieved by INUPA (compared to without CA case) can be interpreted such that operators can expect the throughput enhancement with the same number of small cells (i.e., cost effective) as shown in Fig.1. Therefore, the followings are observed and proposed:
Observation 1:
The low-to-medium load in the system is a reasonable assumption from deployment aspect since the system load becomes lower by deploying small cells.
Proposal 1:
The UP architecture for INUPA should be chosen aiming at throughput enhancements under the low-to-medium load.
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Fig.1: User throughput gain (50%-ile, Figure 4 in [2])
· User distribution:

Related to the agreement b), a question was raised whether both MeNB and SeNB radio resources have to be utilised for the same bearer. In other words, utilising SeNB resource was thought as sufficient. It is true and most likely that where the traffic is fully loaded, a UE will only receive radio resource allocation from one eNB . In contrast, the opportunity of allocating radio resources in more than one eNB will be increased under the low-to medium system load.This fact is obvious from the recent result of user throughput gain (e.g., Fig.1, Figure 7.1.1.1-4/5 in [1]). From Observation 1, the low-to-medium load  is a reasonable assumption from the deployment aspect of small cells. Thus, the followings are observed and proposed:
Observation 2:
User throughput can be enhanced by utilising MeNB radio resource together with SeNB for the same bearer in the likely small cell deployment.
Proposal 2:
The UP architecture for INUPA should be able to utilise both MeNB and SeNB resources for the same bearer.
· Throughput enhancements with multiple EPS bearers?

With the bear split option 1/2, multiple EPS bearers have to be established for throughput enhancements. It implies that users can enjoy throughput enhancements only when multiple services/applications requiring different QoS are activated. Typically, users enjoy and are aware of one service/application especially for packet based service. Hence, it would not be a likely scenario. If throughput enhancements are aimed at one service/application with option 1/2, the existing QoS concept in LTE has to be changed. This is because multiple EPS bearers with the same QCI cannot be established as specified in [4] below:
An EPS bearer is the level of granularity for bearer level QoS control in the EPC/E-UTRAN. That is, all traffic mapped to the same EPS bearer receive the same bearer level packet forwarding treatment (e.g. scheduling policy, queue management policy, rate shaping policy, RLC configuration, etc.). Providing different bearer level packet forwarding treatment requires separate EPS bearers.
If multiple EPS bearers with the same QCI are established for one service/application, P-GW will have a new role to split IP packets into those EPS bearers. The logic to select an EPS bearer on which each IP packet is delivered is also required at P-GW though it may be up to implementation. Alternatively, the same service/application could be mapped with multiple EPS bearers with different QCI. However, this would require new Traffic Flow Table (TFT) mechanism so that the U-plane data for the same service can be mapped and split into multiple EPS bearers with different QCI.
Subsequently, the followings are observed:
Observation 3-1:
The use case where multiple services/applications requiring different QoS are running would not be a likely scenario for throughput enhancements.
Observation 3-2:
For option 1/2, the existing QoS concept in LTE has to be changed if throughput enhancements are aimed at one service/application.
· Throughput enhancements in TCP layer:
At the #83 meeting, another observation on the technology potential of INUPA was found that the gain becomes remarkable in case of large file transmission while it is marginal for small file transmission [5]. From this result, a question is raised which case should be targeted for the UP architecture selection. One of the reasons on the increasing traffic in mobile networks is a growth trend of multimedia services, e.g., video streaming. For instance, the total download size of a whole movie with high resolution would be 1 Gbyte. As such, it would be quite reasonable that throughput enhancements are targeted for the large file transmission. If small data transmission were still dominant, e.g., web browsing, traffic growth would not be significant and so the existing technologies would be sufficient. If the large file transmission is targeted, the TCP congestion avoidance phase is dominant during the file download time [1]. With the TCP CUBIC algorithm which is widely employed and used in Android OS, the congestion window growth is independent of RTT in the congestion avoidance phase [6]. Due to this characteristic, TCP throughput enhancements can be expected even with the presence of Xn latency (5 to 30 ms). Hence, the following is observed:
Observation 4:
Large file download is a key driver of the current mobile traffic growth. For this case, TCP throughput enhancements can be expected even with the presence of Xn latency.
· UL throughput enhancements:
At the #83 meeting, it was pointed out that throughput enhancements for UL had not been agreed. It is worthwhile discussing and making a consensus at this meeting. Basically, it is desirable to achieve throughput enhancements for both directions. Considering the current status that 2 UL CA band combinations are being discussed and supposed to specify from Rel-12, INUPA should be able to support UL throughput enhancements as well as DL. On the other hand, the traffic trend seems still asymmetric between downlink and uplink. Furthermore, if bearer split is introduced for UL, some of MAC features would be complicated. For instance, reported buffer size in BSR has to be split between MeNB and SeNB. Otherwise, more UL radio resources than needed may be assigned for the UE [7]. Although it could be up to UE implementation, UE is anyway required to implement some logic to split the reported buffer size. If it is managed by the network, some interaction between MeNB and SeNB would be required [8]. Token bucket algorithm in LCP needs to take the transmission over different eNBs into account [8]. From these aspects, if support of bearer split (option 3) for both directions in Rel-12 is felt as a concern due to the tight schedule, the higher priority should be given to DL. UL throughput enhancements may be deprioritised. Therefore, the followings are observed and proposed:
Observation 5:
It is desirable that throughput enhancements by INUPA can be achieved for both directions. However, UL throughput enhancements may require larger specification work and discussion time than DL in the WI phase.
Proposal 3:
If support of throughput enhancements for both directions is challenging due to the tight Rel-12 time schedule, DL should be prioritised and UL may be deprioritised.
3. Summary and proposal
This paper discussed some of the conditions on throughput enhancements by INUPA. In summary, the followings were observed and proposed:
Observation 1:
The low-to-medium load in the system is a reasonable assumption from deployment aspect since the system load becomes lower by deploying small cells.
Observation 2:
User throughput can be enhanced by utilising MeNB radio resource together with SeNB for the same bearer in the likely small cell deployment.
Observation 3-1:
The use case where multiple services/applications requiring different QoS are running would not be a likely scenario for throughput enhancements.

Observation 3-2:
For option 1/2, the existing QoS concept in LTE has to be changed if throughput enhancements are aimed at one service/application.
Observation 4:
Large file download is a key driver of the current mobile traffic growth. For this case, TCP throughput enhancements can be expected even with the presence of Xn latency.

Observation 5:
It is desirable that throughput enhancements by INUPA can be achieved for both directions. However, UL throughput enhancements may require larger specification work and discussion time than DL in the WI phase.

Proposal 1:
The UP architecture for INUPA should be chosen aiming at throughput enhancements under the low-to-medium load.
Proposal 2:
The UP architecture for INUPA should be able to utilise both MeNB and SeNB resources for the same bearer.
Proposal 3:
If support of throughput enhancements for both directions is challenging due to the tight Rel-12 time schedule, DL should be prioritised and UL may be deprioritised.
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Annex: Average DL user throughput with CA (Fig.3 in R2-132103)
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Fig.A1: Average DL user throughput with CA
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