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1   Introduction
Agreements in RAN2 that have impacts on LCP are as follows:
In RAN2#84 meeting:

=> UE side MAC entity is configured per Cell Group, i.e. one MAC for MCG and the other MAC for SCG.
=> RLC STATUS PDUs are transmitted to corresponding eNBs via the corresponding Uu interface.

In RAN2#85bis meeting:
=>
We do not support UL bearer split in Rel-12 assuming that it causes less complexity and helps the progress of the WI. 

=>
For split bearers, the network configures via RRC over which link the UE transmits UL PDCP data. 

 This contribution addresses the LCP issues to be specified and provides the corresponding text proposals.
2   Discussion
Common or separate token bucket model

With two separate MAC entities for MCG and SCG, LCP should be carried out per MAC entity for MCG bearers and SCG bearers. For the split bearer, between common and separate token bucket model for LCP, a majority of companies preferred the separate bucket approach (17 vs. 8). The main drawback of the common bucket model is the potential starvation issue for RLC status report. With common bucket model, interactions are also needed between MAC entities for every TTI, e.g., for determination of Bj. Separate bucket model has no starvation issue, less specification impact and more aligned with dual MAC entity architecture. If separate bucket model is utilized, a uniform LCP scheme can be applied per MAC entity to all kinds of bearers. That is, LCP of MCG MAC applies to MCG bearer and MCG part of split bearer, and LCP of SCG MAC applies to SCG bearer and SCG part of split bearer.
Proposal 1: Separate token bucket model should be used for the split bearer.
Proposal 2: A uniform LCP scheme is applied per MAC entity to all kinds of bearers: LCP of MCG MAC for MCG bearer and MCG part of split bearer, and LCP of SCG MAC for SCG bearer and SCG part of split bearer.
PBR configuration
For MCG bearer and SCG bearer, it is natural to have MeNB and SeNB to determine their PBRs, respectively.

Proposal 3: MeNB and SeNB decide the PBR configurations of MCG bearers and SCG bearers, respectively.
According to the agreement that UL PDCP data of a split bearer are only transmitted to the configured eNB, the PBR for the configured link should meet the original data rate requirement of the E-RAB. For the other link which only carries the RLC status report, the PBR can be configured to “infinity” to avoid unnecessary latency or starvation. Since the data amount of RLC status report is very limited, this would have insignificant impact on the rate control of other logical channels located on the same MAC entity.
Proposal 4: The logical channel of the link carrying UL PDCP data is configured with the original PBR of the split bearer.
Proposal 5: PBR is configured to “infinity” for the logical channel of the link carrying only RLC status report of the split bearer.

Logical channel priority

In RAN2#85 meeting, it was agreed:

The logicalChannelIdentity are allocated independently by MeNB and SeNB and do not share a common pool among the two MAC entities.
Each eNB should be responsible for its own radio resource allocation. Hence, it is reasonable that logical channel priority is carried out in MeNB and SeNB separately. That is, MeNB is responsible for the prioritization of MCG bearer and MCG part of split bearer; and SeNB is responsible for the prioritization of SCG bearer and SCG part of split bearer. Like MCG bearer or SCG bearer, split bearer has only one logical channel to carry its UL data packet. Hence, there is no interaction between MCG and SCG logical channels. Therefore, coordination between eNBs is not needed to negotiate a priority order between logical channels of MeNB and SeNB MAC entities. 
Proposal 6: Logical channel priorities are allocated independently by MeNB and SeNB.
3   Conclusion
This contribution analyzes LCP related issues in Dual Connectivity, with the following proposals:
Proposal 1: Separate token bucket model should be used for the split bearer.
Proposal 2: A uniform LCP scheme is applied per MAC entity to all kinds of bearers: LCP of MCG MAC for MCG bearer and MCG part of split bearer, and LCP of SCG MAC for SCG bearer and SCG part of split bearer.
Proposal 3: MeNB and SeNB decide the PBR configurations of MCG bearers and SCG bearers, respectively.

Proposal 4: The logical channel of the link carrying UL PDCP data is configured with the original PBR of the split bearer.

Proposal 5: PBR is configured to “infinity” for the logical channel of the link carrying only RLC status report of the split bearer.
Proposal 6: Logical channel priorities are allocated independently by MeNB and SeNB.

A TP for MAC specification is provided in section 5.
4   Reference
[1] R2-141102, “[85#22] Discussion on UL bearer split (NSN)”
5   TP for MAC specification

TS 36.321 V12.2.1 (2014-06)
5.4.3.1
Logical channel prioritization

The Logical Channel Prioritization procedure is applied when a new transmission is performed by a MAC entity.

RRC controls the scheduling of uplink data by signalling for each logical channel: priority where an increasing priority value indicates a lower priority level, prioritisedBitRate which sets the Prioritized Bit Rate (PBR), bucketSizeDuration which sets the Bucket Size Duration (BSD).

The UE shall maintain a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × TTI duration for each TTI, where PBR is Prioritized Bit Rate of logical channel j. However, the value of Bj can never exceed the bucket size and if the value of Bj is larger than the bucket size of logical channel j, it shall be set to the bucket size. The bucket size of a logical channel is equal to PBR × BSD, where PBR and BSD are configured by upper layers.

The UE shall perform the following Logical Channel Prioritization procedure when a new transmission is performed by a MAC entity:

-
The UE shall allocate resources granted for the MAC entity to the logical channels of the MAC entity in the following steps:

-
Step 1: All the logical channels with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to “infinity”, the UE shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority  logical channel(s);

-
Step 2: the UE shall decrement Bj by the total size of MAC SDUs served to logical channel j in Step 1

NOTE:
The value of Bj can be negative.

-
Step 3: if any resources remain, all the logical channels are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.

-
The UE shall also follow the rules below during the scheduling procedures above:

- 
the UE should not segment an RLC SDU (or partially transmitted SDU or retransmitted RLC PDU) if the whole SDU (or partially transmitted SDU or retransmitted RLC PDU) fits into the remaining resources; 

-
if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill the grant as much as possible;

-
the UE should maximise the transmission of data.

-
if the UE is given an UL grant size that is equal to or larger than 4 bytes while having data available for transmission, the UE shall not transmit only padding BSR and/or padding (unless the UL grant size is less than 7 bytes and an AMD PDU segment needs to be transmitted).

The UE shall not transmit data for a logical channel corresponding to a radio bearer that is suspended (the conditions for when a radio bearer is considered suspended are defined in [8]).

For the Logical Channel Prioritization procedure, the UE shall take into account the following relative priority in decreasing order:
-
MAC control element for C-RNTI or data from UL-CCCH;

-
MAC control element for BSR, with exception of BSR included for padding;

-
MAC control element for PHR or Extended PHR;

-
data from any Logical Channel, except data from UL-CCCH;

-
MAC control element for BSR included for padding.

NOTE:
When the UE is requested to transmit multiple MAC PDUs in one TTI, steps 1 to 3 and the associated rules may be applied either to each grant independently or to the sum of the capacities of the grants. Also the order in which the grants are processed is left up to UE implementation. It is up to the UE implementation to decide in which MAC PDU a MAC control element is included when UE is requested to transmit multiple MAC PDUs in one TTI.
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