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1. Introduction
In email disc [85#22] after RAN2#85, the impacts on MAC functions for bearer split were discussed. During the email discussion, it was questioned how to report BS for the PDCP PDU when UL bearer split is configured. In the summary of the email discussion [1], the majority indicated the preference to the semi-static split based on ratio. However, we think that such the ratio based split has concerns from resource efficiency of the small cell perspective. In this contribution, the splitting scheme to potentially maximize the resource efficiency is addressed.
2. Discussion 
2.1. Need for threshold evaluation
In bearer split, two RLC entities are created for one EPS bearer utilising the radio resources in MeNB and SeNB to achieve the higher throughput. Since in the current specification, UE reflects the amount of data size in RLC buffer and PDCP buffer. One of the discussion points in the email discussion was how to report the amount data size of PDCP SDUs to MeNB and/or SeNB. In the discussion, several candidates were proposed and the majority selects to report the amount of split PDCP SDUs size based on the specific ratio. The main benefit is that the over allocation of UL grant from MeNB and SeNB can be avoided without eNB’s BS coordination. But, as indicated in [2], if UE splits the BS even when the total amount of the data is not so large (e.g., just a TCK ACK), both MeNB and SeNB provides UL grant independently based on the reported BS from UE. For a small data, the benefit of UL bearer split is not so attractive. Instead, it is sufficient to transmit UP data towards one eNB. For instance, if the UE is well inside the small cell coverage, it is sensible to transmit UL on the small cell as much as possible in purpose of UP offload to the small cell and UP battery saving (less pathloss can save the more transmission power). Therefore, unless UE has large amount of data, UE should transmit UL data toward SeNB. 
Proposal1: UL bearer split should be applied if the amount of available data exceeds a threshold; Otherwise, UL data should be transmitted towards one eNB.
Proposal2: For the UE configured with UL bearer split, The MeNB should be able to tell the threshold and the eNB to which UL data is transmitted until the data volume exceeds the threshold.

2.2. Threshold based splitting
If we use splitting approach and threshold evaluation, the UE will report BS as following (the split ratio between MeNB and SeNB is 20% : 80%, threshold is 1000 byte). Note that for simplicity, the BS re-calculation which may be needed after UL transmission toward either eNB is not considered in this example.
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Fig.1 Ratio based splitting

If eNB gives the UL grant strictly based on the BS reported from UE, UE will transmits UL PDCP PDUs with ratio 20% and 80%.  However, this scheme cannot utilise the radio resources in the small cell sufficiently, since UE will transmit PDCP PDU toward MeNB even while SeNB has more headroom of capacity to serve the UE. Here the headroom means the difference between the bandwidth delay product of eNB and amount of data size of UL data prepared/reported for the eNB. As indicated in the previous section, from UP offload and UE battery saving perspective, UE should consume the capacity of the small cell as much as possible. Thus, the threshold based splitting is suitable scheme. In this scheme, UE reports BS and transmits UL data toward one eNB (e.g., SeNB in Fig.2) unless the total amount of data exceeds the configured threshold. When the total amount of UL data exceeds the threshold, UE reports BS and transmits the extra UL data toward another eNB (e.g. MeNB in Fig.2). 

[image: image4.emf]Threshold

(1000 byte)

UE

MeNB SeNB

BS = 0 byte

 
[image: image5.emf]Threshold

(1000 byte)

UE

MeNB SeNB

BS = 200 byte

BSR

(200byte)

 
[image: image6.emf]Threshold

(1000 byte)

UE

MeNB SeNB

BS = 1200 byte

BSR

(1000byte)

BSR

(200byte)


Fig.2 Threshold based splitting

With this scheme, UE can maximize the usage of the capacity served by the small cell. Even with ratio based splitting, UE can utilise the radio resource of small cell. For example, by using the ratio with heavier weight for SeNB, e.g., MeNB:SeNB = 5% : 95%, UE will transmit a large amount of UL data toward SeNB. But, since MeNB cannot be aware of the UL data which should be actually transmitted toward MeNB, the total capacity (provided to the UE) usage cannot be maximized. Another possible way is over-reporting of BS using the ratio e.g., MeNB:SeNB = 50% : 150%. With this scheme, MeNB can aware of the UL data while UE can transmit a large amount of UL data toward SeNB. However, this scheme has risk of the over-allocation of UL grant, which is not desirable in macro cell. 
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Fig.3 Usage of capacity served by MeNB and SeNB
Another challenge for the static-split ratio approach is that actual amount of data for available data may not always fit into the configured split ratio. This is due to the fact that PDCP layer does not perform the segmentation and just routes the PDCP PDUs to either MeNB or SeNB as it is. An example is illustrated in Fig.4. If the total available data in PDCP/RLC does not fit into the configured split ratio, the UE may report the BS more than the actual status. The UE implementation, of course can minimise the over reporting as much as possible. For example in Fig.4, the UE can skip to report BS for PDCP PDU #1 and report for other PDUs, e.g., 500 bytes to MeNB and 400 bytes to SeNB. The over assigned UL grant can also be used for padding BSR. Nevertheless, there would still remain the wasted radio resource.
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Fig.4 BSR calculation based on static split ratio

In contrast, the threshold based splitting can avoid such an over resource allocation as illustrated in Fig.5.
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Fig.5 BSR calculation based on threshold
From above, for UL bearer spit, the threshold based split should be used to maximize the usage of the capacity of the small cell avoiding the over-allocation of UL grant. Therefore, the following mechanism is proposed.
Proposal3: For the threshold based UL bearer split, if the amount of available data exceeds the threshold, the UE reports the BS as follows:

1) The BS equal to the threshold to the configured eNB

2) The exceeded data over the threshold to another eNB

3. Summary and proposal
In this contribution, we discussed the splitting scheme to maximize the resource efficiency and followings are proposed:
Proposal1: UL bearer split should be applied if the amount of available data exceeds a threshold; Otherwise, UL data should be transmitted towards one eNB..

Proposal2: The MeNB should be able to tell the threshold and the eNB to which the UE reports the BS.
Proposal3: For the threshold based UL bearer split, if the amount of available data exceeds the threshold, the UE reports the BS as follows:

1) The BS equal to the threshold to the configured eNB

2) The exceeded data over the threshold to another eNB
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