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1. Introduction
In this contribution, we’d like to discuss our considerations on flow control, which aim to discuss the interworking between PDCP and RLC located in MeNB and SeNB respectively.
2. Discussions
2.1. Possible interworkings between PDCP and RLC
Based on the current agreement of DC, the bearer splitting will only be applied for DRBs mapped on RLC-AM mode. According to the existing PDCP and RLC specification, some interworkings exist between PDCP and RLC:

· When the discard timer expires, PDCP should send discard indication to RLC, if the corresponding PDCP PDU has already been submitted to lower layer.

· RLC will send an indication to the PDCP of successful delivery of the RLC SDU.

Besides that, there maybe also need of flow control, which is used by MeNB for DL data splitting. 

Observation 1: Three kinds of interworking between PDCP and RLC are identified: PDCP discard indication, RLC indication of delivery and flow control.
2.2. The necessity of the above interworkings
PDCP discard indication is used to indicate the RLC to discard the corresponding SDUs if RLC has not transmitted them yet, in order to guarantee the traffic QoS or the congestion control. If this indication is abandoned, PDCP can only wait RLC to deliver all of the SDUs which PDCP has submitted to RLC, no matter what the situation is. This may lead to the high traffic latency or congestion.

Observation 2: PDCP discard indication is important.
RLC indication of delivery is used to confirm the success of transmitting PDCP PDUs. If it was omitted, the PDCP will never know about the transmitting status of the PDUs (split into SeNB). 

As a direct result, all of the discard timers in PDCP layer corresponding to these PDUs will expire. There will be lots of PDCP discard indication over the Xn, and most of them maybe invalid.

Furthermore, if PDCP can’t confirm the status of the split PDCP PDUs (i.e. PDUs submitted to RLC layer in SeNB), it will consider all of them to be the data available for transmission until the discard timers expire. If there is a buffer for these PDUs in the PDCP, the buffer will be more crowed than before. When a re-establishment happened in PDCP, all of PDUs in the buffer should be re-transmitted, unless it has been confirmed by PDCP STATUS REPORT. However, PDCP STATUS REPORT is not mandatory, i.e. it is configurable. If no REPORT is configured, obviously more PDUs will be re-transmitted, even most of them have been received by UE.

From the above analysis, we can see that if no RLC indication of delivery over Xn is adopted, the performance of PDCP may be impacted.

Observation 3: RLC indication of delivery is beneficial for PDCP performance.

Flow control mechanism has drawn some attention of some companies in former meetings. But there is still no final conclusion in RAN2 and RAN3.

In our opinion, this mechanism is necessary for bearer splitting in PDCP. PDCP need to know the transmission capability of SeNB to make the dynamic splitting policy. The capability of SeNB is closely relevant to the scheduling of SeNB, and it is variable with time. 

If no flow control mechanism, PDCP has no idea of the status of RLC in SeNB. If SeNB is congested, the subsequent SDUs from MeNB will be overflowed or discarded. On the opposite side, if SeNB has sufficient resources but MeNB only submit a fraction of data to SeNB inappropriately, the throughput of DC will be degraded.

Hence, it is necessary to introduce extra flow control mechanism between PDCP and RLC over Xn. For example, the SeNB may send the acceptable volume to the SeNB whenever it thinks necessary.
Observation 4: Flow control mechanism plays an important role in increasing the throughput of DC. For example, the SeNB may send the acceptable volume to the SeNB whenever it thinks necessary.
Based on the above observations, it can be proposed that:

Proposal 1: Three kinds of interworking between MeNB and SeNB are necessary to be standardised, i.e. PDCP discard indication, RLC indication of delivery and flow control mechanism.
2.3. Are the interworkings on CP or UP?
All the interworkinga are closely related to the UP transmission, and they can be imaged to have the characteristics of time-varying and frequency. If the messages are on CP, e.g. as X2 signalling, it may result into CPU overload in MeNB. In addition, using CP signalling will also increase the coupling between CP and UP. Furthermore, it is not necessary to guarantee the same reliability as much as that of CP signalling. Losing interworking data will not lead to much barrier to the UP transmission.

Therefore, transferring on UP is more proper than CP. 

Proposal 2: Interworking between MeNB PDCP and SeNB RLC could be transferred via UP.

Since the X2 UP protocol is built on GTP-U, it is natural to think of using GTP-U signalling to transfer the above information. In this case, the UP data and corresponding interworking data (could also seen as UP status data) can be transferred in the same tunnel, just like an ‘in-band’ control.

However, the enchantment of GTP-U is out of RAN scope. So it is proposed to send LS to CT4 for confirmation.

Proposal 3: It is proposed to use GTP-U to transfer interworking information, and correspondingly an LS to CT4 for confirmation is also needed.
3. Conclusion and proposals
In this contribution, we discussed our further considerations, which aim to discuss the interworking between PDCP and RLC located in MeNB and SeNB respectively. Then we have the following observations and proposals.
Observation 1: Three kinds of interworking between PDCP and RLC are identified: PDCP discard indication, RLC indication of delivery and flow control information.
Observation 2: PDCP discard indication is important.

Observation 3: RLC indication of delivery is beneficial for PDCP performance.

Observation 4: Flow control mechanism plays an important role in increasing the throughput of DC. For example, the SeNB may send the acceptable volume to the SeNB whenever it thinks necessary.
Proposal 1: Three kinds of interworking between MeNB and SeNB are necessary to be standardised, i.e. PDCP discard indication, RLC indication of delivery and flow control information.

Proposal 2: Interworking between MeNB PDCP and SeNB RLC could be transferred via UP.

Proposal 3: It is proposed to use GTP-U to transfer interworking information, and correspondingly an LS to CT4 for confirmation is also needed.
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