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1 Introduction
Since previous RAN2 meetings, most of issues for UL bearer split have been concluded, but there still is a remaining issue to be further clarified, i.e, is it allowed to configure a split bearer with other bearers in a LCG in support of uplink split? How does configuring multiple radio bearers with different bearer types to a LCG affect the data transmission performance of a DC UE.
In this contribution, we provide some observations and proposals on this issue.
2 Discussion
To clarify how configuring multiple radio bearers with different bearer types to a LCG affects the data transmission performance of a DC UE, there are the following two cases to be considered:
First, is it allowed to configure multiple split bearers (with the same data path) to a LCG?
Assuming there are two UL split bearers to be configured to a LCG, the threshold configured by MeNB are Th1 and Th2 respectively, and data path is MCG, Th1 < Th2. The size of PDCP buffer for the two logical channels are D1 and D2 respectively, and the sum of them is D, there is the following two cases to be considered:
· Case 1: D < Th1+Th2
· Case 2: D > Th1+Th2

As MeNB is unable to distinguish the buffer size of each logical channel in a LCG based on BSR reported, the MeNB can only decide how to provide UL grant to UE according to the relationship between the D value and the sum of two threshold values. For Case 1, it may be considered that MeNB has sufficient resources to schedule the data volume under Th1+Th2. Then the MeNB should provide full UL grant to the UE. But for SeNB, in order to prevent the occurrence of over-scheduling, it should not provide UL grant to the UE, although in this case the buffer size of one logical channel maybe has exceeded the corresponding threshold value. As a kind of conservative scheduling strategy the SeNB is allowed to provide UL grant to the UE only when the BS value in BSR reported towards SCG is more than Th1+Th2. 
But for Case 2, it can be further subdivided into the following several cases:
· Case 2-1: D1 > Th1 and D2 > Th2
In this case, the BS value in BSR reported towards SCG must be more than Th1+Th2. Then MeNB sends the UL grant =Th2 + Th1 to the UE, while SeNB sends the UL grant = D - (Th1 + Th2) to the UE, Accordingly the over-scheduling problem can be avoided.
· Case 2-2: D1 < Th1, but the BS value in BSR reported towards SCG > Th1 + Th2. 
In this case, the processing at side of network is the same as the Case 2-1. 
·  Case 2-3: D2 < Th2, and the BS value in BSR reported towards SCG < Th1 + Th2.

In this case, considering the network side is unable to distinguish D1 or D2 based on BSR report, as a kind of conservative scheduling strategy, MeNB may just send the UL grant = Th1 + Th2; and SeNB is keeping not to schedule UL data. Thus from system performance point of view, the problem of over-scheduling can be avoided, but the under-scheduling problem arises.
Observation 1: When multiple uplink split bearers (with the same data path) are configured to a LCG, the problem of over-scheduling can be avoided by using conservative scheduling strategy
In general, the under-scheduling problem becomes serious when the D value is close to 2 * (Th1 + Th2) and the Sum of Th1 and Th2 is high (if the D value is above 2 * (Th1 + Th2), that means the BS value reported towards SeNB must be above Th1 + Th2). In this case, the uplink transmission of the split bearer having more data will be delayed. 
For solving this problem, the MeNB may adjust the threshold of the radio bearer leading to under-scheduling problem. For instance, according to the above assumption, this situation mainly arises in case D1 >> Th1 and D2 < Th2. The MeNB may improve Th1 so that more grants is provided to the UE by the MeNB. Accordingly the impact of under-scheduling problem is reduced.
Observation 2: When multiple uplink split bearers (with the same data path) are configured to a LCG, the problem of under-scheduling may arise but it can be reduced by adjustment of threshold
In summary, by using the above scheduling strategy, in all cases MeNB only provides grants < = the sum of thresholds of all the split bearers configured to a LCG to UE. And SeNB can schedule the remaining part of data only when the BS value in BSR reported towards SCG is more than the sum. The over-scheduling problem can be avoided, and the network side can correct the under-scheduling problem later according to the actual data transmission situation. Thus, configuring multiple split bearers (with the same data path) to the same LCG has a minor bad effect on system performance. In addition, this operation can avoid limiting the number of split bearers configured for a DC UE as the maximum number of LCG is 4. Therefore, from radio resource configuration point of view this operation should be allowed.
Proposal 1: From radio resource configuration point of view it should be allowed to configure multiple split bearers (with the same data path) to the same LCG
Second, is it allowed to configure multiple radio bearers with different transmission types to a LCG?
Here, typical configuration cases include MCG bearer and split bearer, or split bearer (data path is MCG) and split bearer (data path is SCG), etc. Taking the combination between MCG bearer and split bearer for example, we may give the following analysis.
Assuming there are two radio bearers, one is MCG bearer, another is split bearer (data path is MCG and threshold is TH), to be configured to a LCG. The size of PDCP buffer for the two logical channels are D1 and D2 respectively, and the sum of them is D, the following two cases can be considered:
· Case 1: D < TH
· Case 2: D > TH
For Case 1, MeNB provides full grant to the UE according to the BS value in BSR reported towards MCG, and SeNB does not schedule the UE since no BSR is reported towards SCG.
For Case 2, if D2 < Th, the processing is similar with Case 1.No over-scheduling issue arises in this case. However, if D2 > TH, Because MeNB is unable to distinguish between D1 and D2, and it may be assumed that the threshold of MCG bearer is infinity, then MeNB shall send full grant to the UE. If SeNB sends grant = the BS value in BSR reported towards SCG to the UE, then the over-scheduling issue arises.
Observation 3: When multiple radio bearers with different transmission types are configured to a LCG, e.g, MCG bearer and split bearer, the problem of over-scheduling can not be avoided
Given all that, configuring multiple radio bearers with different transmission types to a LCG will have a bad impact on the uplink data transmission of a DC UE, thus this configuration is not recommended in support of uplink bearer split. However, considering such limitation can be achieved by network implementation, then for simplification it is not proposed to limit it in specification. 
In addition, the following configurations also are not recommended from system performance point of view:
· Configuring multiple split bearers with different data path to a LCG;

· Configuring the RBs supporting split bearer in UL and the RBs not supporting split bearer in UL to a LCG;
Proposal 2: It is proposed not to configure multiple radio bearers with different transmission types to a LCG, but leave such limitation up to network implementation
The text proposal for the above clarification is provided in the following appendix.
3 Conclusion
According to the above analysis, we have the following observations and proposals:
Observation 1: When multiple uplink split bearers (with the same data path) are configured to a LCG, the problem of over-scheduling can be avoided by using conservative scheduling strategy
Observation 2: When multiple uplink split bearers (with the same data path) are configured to a LCG, the problem of under-scheduling may arise but it can be reduced by adjustment of threshold
Proposal 1: From radio resource configuration point of view it should be allowed to configure multiple split bearers (with the same data path) to the same LCG
Observation 3: When multiple radio bearers with different transmission types are configured to a LCG, e.g, MCG bearer and split bearer, the problem of over-scheduling can not be avoided
Proposal 2: It is proposed not to configure multiple radio bearers with different transmission types to a LCG, but leave such limitation up to network implementation
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5 Text Proposal
From TS 36.300
M.1
Dual Connectivity operation
For Dual Connectivity, the UE is configured with two cell groups (CGs). A CG may only include cells that are associated to the same eNB and those cells are synchronized at the eNB level similar as for carrier aggregation. Two operations are defined: synchronous and asynchronous DC. In synchronous DC operation, the UE can cope with a maximum reception timing difference up to at least 33µs between CGs. In asynchronous DC operation, the UE can cope with a maximum reception timing difference up to 500µs between CGs.
When DC is deployed, frame timing and SFN are aligned among the component carriers to be aggregated within a CG, and may or may not be aligned between different CGs.
NOTE:
For DC UE, configuring multiple bearer(s) supporting PDCP data transfer split in uplink with same configured path in a LCG have no impact on uplink transmission performance, but configuring with other bearer(s) of different type (including different bearer type, different configured path or different split type) in a LCG would have bad impact on uplink transmission performance. How to configure multiple radio bearers to a LCG is left up to eNB implementation.
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