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1 Introduction
The following agreements have been obtained in RAN2#91 meeting for data transmission of UL split bearer:
· PDCP data indication to MAC is based on the amount of data at the time of indication
· BSR triggering is based on the legacy BSR triggering rule

· PDCP data transmission is based on the amount of data in PDCP and the threshold at the time of UL grant reception
· If the amount of PDCP data is less than the threshold, the PDCP entity indicates the actual amount of PDCP data to configured MAC and 0 to non-configured MAC.

In this contribution, we will further investigate some remaining issues of PDCP data transmission for UL split bearer. 
2 Discussion
According to the agreement that “PDCP data transmission is based on the amount of data in PDCP and the threshold at the time of UL grant reception”, PDCP layer should get UL grant information or data transmission indication information for PDCP data transmission from MAC layer. 
Proposal 1: MAC layer should provide data transmission indication information to PDCP layer for UL split bearer.
The CR in [1] captures the current agreements, but certain aspects need more clarification and there may be some impacts on MAC specification:

· When data transmission indication information or UL grant information should be delivered to PDCP layer?
· How to allocate radio resource to the spilt bearer during LCP procedure? 
2.1 When data transmission indication should be delivered to PDCP layer
A UE may deliver data transmission indication information or UL grant information either at the moment when it obtains the UL grant from PDCCH, or when LCP is performed at MAC entity. 
In the former approach, PDCP does not know how many PDCP packets should be delivered into lower layer because UL grants may not be totally utilized by the split bearer. If PDCP delivers too many PDCP packets into one link, the PDCP packets transmission in this link will be delayed due to shortage of resource. On the other hand, the allocated radio resources in another link will possibly be wasted. Hence, the latter approach is more sensible, because MAC entity can let PDCP know the exact amount of data to be multiplexed in MAC TB for the split bearer based on LCP procedure. In this way, PDCP layer will not deliver too many/less PDCP packets to each CG. 
Currently RLC layer has been able to obtain the notification of a transmission opportunity, together with the total size of the RLC PDU(s) to be transmitted in the transmission opportunity. Similarly, PDCP layer can also obtain notification of a transmission opportunity from MAC for a radio bearer, together with the total size of the PDCP PDU(s) to be transmitted in the transmission opportunity.
Proposal 2: Data transmission indication information should be delivered to PDCP layer based on LCP procedure.
Proposal 2bis: PDCP layer can obtain notification of a transmission opportunity from MAC for a radio bearer, together with the total size of the PDCP PDU(s) to be transmitted in the transmission opportunity.
2.2 How to allocate radio resource to split bearer during LCP procedure
Generally, the following two options may be considered: 
· Option 1: A MAC entity allocates resource to a split bearer during LCP procedure, regardless of whether or not BSR relevant to the split bearer has been reported in the MAC entity.
· Option 2: A MAC entity allocates resource to a split bearer during LCP procedure, only if the BSR relevant to the split bearer has been reported in this MAC entity.
In order to compare these two options, the following example is illustrated in the Figure 1:

· RRC configures that PDCP transmits PDCP PDU for UL bearer split only towards SeNB when PDCP data amount is less than a threshold;
· Two MCG bearers and one split bearer are configured. And MCG bearer 1 (not shown in figure 1) has the highest priority, and the split bearer (shown in green) has higher priority than another MCG bearer 2 (shown in yellow).
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Figure 1: data transmission with option 1



Figure 2: data transmission with option 2
With option 1, MAC entity allocates radio resource to split bearer and deliver data transmission indication information to PDCP layer as long as an UL split bearer is configured. However, one main disadvantage is the UL grant intended for another bearer is possibly grabbed by the split bearer and QoS of the other bearer will be impacted. As shown in the Figure 1, we assume MCG entity obtains some UL grants after BSRs of MCG bearer 1 and MCG bearer 2 are reported in TTI X0, but PDCP data of the split bearer is not reported as the threshold is not crossed. However, MAC entity will allocate radio resource for all logical channel with Bj>0 [2]. Therefore, MCG MAC entity will allocate radio resource for split bearer, too. Then, PDCP will transmit PDCP packets of split bearer (#4, 5, 6 and 7) using the allocated resources from MCG MAC entity if the PDCP data amount of split bearer is above the threshold in TTI Y0 when receiving data transmission request from MCG MAC. The PDCP packets of MCG bearer 2 (#6, 7, 8 and 9) will possibly not be transmitted due to lower logical channel priority. It should be noted that the split bearer may not trigger BSR reporting in MCG even when its PDCP data amount rises above the threshold, as it has lower priority than MCG bearer 1. Therefore, there is no additional UL grants to be utilized, and the data transmission of MCG bearer 2 may be impacted.
Further, when the next BSR reporting is triggered in TTI X1 as shown in the Figure 3, it is still possible that the PDCP data amount of split bearer is less than the threshold, especially if some PDCP packets of the split bearer have been transmitted with MCG UL grants. Therefore, buffer statuses of the split bearer will not be reported to the MeNB. But in TTI Y1, when receiving data transmission indication from MAC, the PDCP data amount exceeds the threshold. Then PDCP packets of the split bearer will be transmitted in MCG link again. This kind of mismatch between the PDCP data amount when BSR is triggered and the PDCP data amount when receiving data transmission indication impacts the data transmission of MCG bearer 2. In addition, the MeNB will often observe that the radio resources are not being scheduled sufficiently. On the contrary, the scheduled radio resources on the SeNB often cannot be fully utilized. Therefore, there will be serious challenge on eNB scheduler implementation. 
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Figure 3: Disharmony between BSR reporting and PDCP data transmission
With option 2, MAC entity will allocate resource to a split bearer during LCP procedure and deliver UL grant information to PDCP layer, only if BSR associated with this MAC entity is reported in this MAC entity. If BSR relevant to split bearer is only reported to SeNB when PDCP data amount is less than the threshold, only the SCG MAC allocates radio resource for the split bearer during LCP procedure and delivers UL grants to PDCP layer. The MCG MAC will not allocate radio resource for the split bearer and PDCP layer will not get the UL grant information from MCG MAC entity. In this way, PDCP layer will not deliver data to MCG lower layer, and data transmission of MCG bearer 2 will not be impacted. Only if double BSR reporting is performed to MeNB and SeNB when PDCP data amount is above the threshold, both MCG MAC entity and SCG MAC entity will allocate radio resource for the split bearer and deliver the UL grants information to PDCP layer. The PDCP layer then submit data to both CGs according to the data transmission request or UL grants reception information from two MAC entities. 

Proposal 3: A MAC entity allocates radio resource to the split bearer during LCP procedure and delivers data transmission indication to PDCP layer if a BSR relevant to the UL split bearer has been reported in this MAC entity.
3 Conclusion
In this contribution, we further investigated the PDCP PDUs delivery issue and have the following proposal.

Proposal 1: MAC layer should provide data transmission indication information to PDCP layer for UL split bearer.
Proposal 2: Data transmission indication information should be delivered to PDCP layer based on LCP procedure.
Proposal 2bis: PDCP layer can obtain notification of a transmission opportunity from MAC for a radio bearer, together with the total size of the PDCP PDU(s) to be transmitted in the transmission opportunity.
Proposal 3: A MAC entity allocates radio resource to the split bearer during LCP procedure and delivers data transmission indication to PDCP layer if a BSR relevant to the UL split bearer has been reported in this MAC entity.
The text proposals to TS36.323 and TS 36.321 are attached below:

-----------------------------------------------------------------------------------------------------------------------------------

Text proposal to TS 36.323:
4.3.2
Services expected from lower layers

For a detailed description of the following functions see [5].

-
acknowledged data transfer service, including indication of successful delivery of PDCP PDUs;

-
unacknowledged data transfer service;

-
in-sequence delivery, except at re-establishment of lower layers;
-
duplicate discarding, except at re-establishment of lower layers;

-

notification of a transmission opportunity for a radio bearer, together with the total size of the PDCP PDU(s) to be transmitted in the transmission opportunity.
-----------------------------------------------------------------------------------------------------------------------------------

Text proposal to TS 36.321:
4.3.1
Services provided to upper layers

This clause describes the different services provided by MAC sublayer to upper layers.

-
data transfer

-
radio resource allocation
-
data transmission indicaiton informaiton for a radio bearer after allocating radio resources
5.4.3
Multiplexing and assembly

5.4.3.1
Logical channel prioritization

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

-
The MAC entity shall allocate resources to the logical channels in the following steps:

-
Step 1: All the logical channels with Bj > 0 except for that one associated with a split bearer whose buffer status is not incldued in the last BSR reproting, are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to “infinity”, the MAC entity 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 MAC entity 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 of the associated MAC entity;

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

-
the UE should maximise the transmission of data.

-
if the MAC entity is given an UL grant size that is equal to or larger than 4 bytes while having data available for transmission, the MAC entity 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 MAC entity 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 MAC entity 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, Extended PHR, or Dual Connectivity PHR;

-
MAC control element for Sidelink BSR, with exception of Sidelink BSR included for padding;
-
data from any Logical Channel, except data from UL-CCCH;

-
MAC control element for BSR included for padding;

-
MAC control element for Sidelink BSR included for padding.
NOTE:
When the MAC entity 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 MAC entity is requested to transmit multiple MAC PDUs in one TTI. When the UE is requested to generate MAC PDU(s) in two MAC entities in one TTI, it is up to UE implementation in which order the grants are processed.

4 Reference

[1]  R2-154315, Introduction of UL split bearer in PDCP, LG Electronics Inc., Nokia Networks, Ericsson, MediaTek Inc., Panasonic, ZTE, CATT, Samsung, NTT DOCOMO
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