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1   Introduction
In RAN2 #85 and #85bis meeting, the following agreements have been made:

	RAN2 #85
	· Do not support RLC UM bears in split bear

· RLC UM like reordering scheme is used for PDCP layer reordering in split bear

	RAN2 #85bis
	· The PDCP transmitter should not bring more than half the sequence number space in flight in order to avoid HFN de-sync. (as in legacy behaviour)
· The SeNB provides to the MeNB PDCP SNs of the successfully delivered PDCP PDUs (based on RLC AM state in SeNB) among the ones that it received from the MeNB.


Under the current dual connectivity architecture, some PDCP PDUs are transmitted via MeNB and others via SeNB. As a consequence of the above agreements, if one or more packets could not been transmitted successfully in time by one eNB, the transmission via the other eNB interface may be stalled inadvertently. The transmission stalling may happen even if the Uu interface between UE and one eNB is in very good condition. This undesirable performance degradation issue is referred to as skew issue for a split bearer in this contribution. The skew issue is further investigated based on these agreements, and several solutions are proposed.
2   Discussion

2.1   Skew issue
Figures 1 & 2 illustrate two possible scenarios when the skew issue may occur. In both examples, UE’s PDCP reordering window and MeNB’s PDCP transmission window are of the same size N, which is half of the PDCP SN space, and both windows include packets from 1 to N. Packets 1, 2, 3, and 4 are distributed to be transmitted via SeNB, and packets 5 through N via MeNB initially.
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Figure 1
 Scenario 1 of skew issue for a split bearer: air interface failure

In the scenario shown in Figure 1, UE receives all packets after a while, except for packet 1 due to air interface failure. SeNB RLC entity continues the ARQ retransmission of packet 1.
In the other scenario shown in Figure 2, UE receives packets 5 through N from MeNB, but no packets from SeNB yet due to temporary congestion/overload at SeNB.
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Figure 2
 Scenario 2 of skew issue for a split bearer: SeNB congestion

In both scenarios, since the lower edge of MeNB’s PDCP transmission window is stuck at 1, MeNB cannot transmit any PDCP PDUs beyond packet N. That is, MeNB could not transmit by itself or distribute to SeNB new packet any more, even if MeNB’s wireless link condition is very good. The precious resources over the air are wasted! Considering the non-stringent delay budget for split bear data, MeNB might be able to help SeNB (re)transmit packet 1 (and packets 2, 3 and 4 in scenario 2) and deliver packet(s) to UE in time. With the aid of MeNB, the PDCP reordering window would be pushed forward at UE side, and consequently the PDCP transmission window at MeNB is updated and subsequent new packets could be transmitted/distributed as soon as possible.
Proposal 1: MeNB may help SeNB  (re)transmit some packets if necessary.
2.2   How to trigger assisted (re)transmission 
In order to support MeNB’s assisted (re)transmission of packets originally assigned to SeNB, one issue is how to trigger the assisted (re)transmission at MeNB.
If the skew issue happens due to the air interface failure as shown in Figure 1, one simple solution to trigger the assisted transmission at MeNB is via the PDCP status report which could be generated by either SeNB or UE potentially. Some possible solutions are listed and compared in Table 1 below.
Table 1
PDCP status report triggers for assisted (re)transmission at MeNB
	
	Periodic trigger
	Event trigger

	SeNB generated
	Pros: 

· Simple, no extra Uu procedure

Cons: 
· SeNB needs to wait for the RLC status report from UE to generate the updated PDCP status report, which leads to more delay
· Extra X2 delay
	Pros:

· Simple, no extra Uu procedure

· Less reporting than periodic triggering, if configured appropriately.
· Timely triggering of the assisted (re)transmission possible
Cons:
· New triggering event to be defined/configured for SeNB

	UE generated
	Pros: 

· UE’s PDCP status report is the most accurate
Cons:
· Need an extra Uu procedure and some wireless resource
· RAN2 has agreed that UE should not transmit PDCP status report periodically
	Pros:

· UE’s PDCP status report is the most accurate 
· Timely trigging possible
Cons:
· Need an extra Uu procedure and some wireless resource


Considering the reliable network planning and smart RRM configuration, the multiple ARQ retransmissions failures between SeNB and UE may not happen very frequently. Furthermore, the PDCP window stalling due to air interface failure scenario in Figure 1 is not a normal case, so the periodic report/trigger is not needed, and should be excluded.
If the skew issue happens due to the temporary congestion/overload at SeNB as shown in Figure 2, it may be detected in a timely manner through DeliveryTimer configuration at SeNB [2]. Here the DeliveryTimer value reflects the delay budget assigned to SeNB. If it is configured properly for a PDCP PDU distributed to SeNB, MeNB may still have chance to retransmit this PDCP PDU upon receiving SeNB’s indication of the DeliveryTimer expiration of the corresponding PDCP PDU. This is extremely helpful if SeNB is congested temporarily, because the potential PDCP reordering delay and/or PDCP PDU losses experienced by the UE can be reduced significantly if the reassignment of PDCP PDUs is done in a timely manner. Hence, the assisted retransmission can be effectively triggered using DeliveryTimer based event.
Proposal 2: Assisted (re)transmission request is event triggered.
Another issue is which entity is responsible to generate the assisted (re)transmission request.
If the skew issue is due to air interface failure, the responsible entity may be SeNB or UE. According to the current agreement, SeNB provides to the MeNB indications in format of PDCP SNs of the successfully delivered PDCP PDUs. According to the simulation assumption of flow control periodicity, the period of such indication is 5ms [1]. This interval is smaller than the time interval UE needs to acquire an UL grant by SR, so it is more reasonable for SeNB to generate the assisted retransmission request. If the X2 indication period is longer, the solution of UE generating the request is better.
Proposal 3: For the scenario when the skew issue is due to air interface failure, if frequent indication of PDCP delivery status over X2 interface is configured, the assisted (re)transmission request is preferred to be generated by SeNB. Otherwise, the assisted (re)transmission request is preferred to be generated by UE.
If the skew issue is due to the temporary congestion/overload at SeNB, SeNB is supposed to have better knowledge of the situation and generates assisted (re)transmission request accordingly. In addition, SeNB may be allowed to determine at its own discretion whether and when to report the PDCP PDU with delivery overtime to MeNB. For example, to align with the leagcy RLC discard procedure, SeNB may report a delivery overtimed PDCP PDU if no segment of the corresponding RLC SDU has been mapped in a RLC data PDU yet. For a delivery overtimed PDCP PDU which is included in a RLC data PDU partially or wholly, SeNB will continue transmitting the PDU to UE until success in the end or delivery failure over the air.
Proposal 4: For the scenario when the skew issue is due to SeNB congestion/overload, SeNB may send a delivery overtime indication to MeNB upon the expiry of DeliveryTimer, so that MeNB may help the (re)transmission of the PDCP PDU in case of SeNB congestion.
2.3   How to proceed RLC receiving window in UE

If MeNB (re)transmits the pending PDCP PDU for SeNB successfully, the PDCP window in MeNB will be updated. However, for the air interface failure scenario in Figure 1, the RLC window is still stuck in SeNB and UE. The RLC retransmission of packet 1 continues from SeNB to UE, untill the maximum number of RLC retransmission attempts is reached at SeNB eventually. Such behaviour is not desirable, so the RLC retransmission between SeNB and UE shall be stopped in time. 

One simple solution to handle UE’s RLC receiving window is shown in Figure 3:
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Figure 3
PDCP status indication procedure in UE

In this example, UE PDCP entity receives the retransmitted packet 1 from the green RLC entity, but is not sure whether this packet is originally transmitted via MeNB or SeNB. Thus it indicates to the yellow RLC entity that PDCP PDU of packet 1 have been received successfully together with all PDCP PDUs before packet 1, and requests the yellow RLC entity to update its RLC receiving window accordingly when applicable.

Upon receiving the indication from PDCP entity, the yellow RLC entity may check the status of its receiving buffer: the first PDCP SN right after the first gap in RLC receiving buffer can be deduced and is denoted by Z in Figure 4. The yellow RLC entity also keeps the last PDCP SN that has been delivered to PDCP layer, which is denoted by Y in the figure. The PDCP SN gap between Y and Z is associated with the first gap in RLC receiving buffer, and filling this gap may require the reception of packets from MeNB and/or SeNB. If the PDCP indication of Figure 3 implies that all PDCP PDUs in this gap have been received successfully by the PDCP entity, the yellow RLC entity should push the lower edge of the RLC receiving window to the next hole.


[image: image4.emf]X X+1 ... X+N

RLC Receiving window

RLC receiving window

X X+1 ... X+N

X-2 X-3

The first PDCPSNafter the first gap: Z

The last PDCP SN: Y

If all PDCP SNsbetween Y and Z havebeen received as 

indicated by PDCP entity, RLC window should bepushed.

X-2 X-3

Figure 4 

RLC window push procedure at UE
Proposal 5: UE shall update RLC receiving window when it receives the assisted retransmission packet from MeNB.
2.4   How to proceed RLC transmitting window in SeNB
Besides the receiving window in UE, the RLC transmitting window in SeNB should also be updated. If the assisted retransmission is requested by SeNB, SeNB knows that it does not need to (re)transmit the corresponding packet any more. Consequently, SeNB shall stop the RLC retransmission if applicable and push the transmission window accordingly.
Proposal 6: If the assisted retransmission is requested by SeNB, SeNB should stop the RLC retransmission if applicable and push the RLC transmission window accordingly.
If the assisted retransmission is requested by UE, either MeNB or UE is responsible to inform SeNB to stop the RLC retransmission of the corresponding packet. Two alternatives are given in Figure 5.
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Figure 5
Two alternatives to stop RLC retransmission in SeNB

· Alternative 1: Indication from UE
With this alternative, UE transmits the indication once its RLC receiving window has been pushed successfully as described in Section 2.3. The indication may be sent in the format of a pseudo RLC status report as illustrated in Figure 6. Upon receiving the pseudo RLC status report, SeNB pushes its RLC transmission window too. The main advantage of this alternative is that it is simple and requires no modification to Uu messages.
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Figure 6
UE’s indication to SeNB
· Alternative 2: Indication from MeNB
With this alternative, MeNB transmits packet 1, receives the corresponding RLC status report, and concludes that UE has received packet 1 successfully. As a result, MeNB informs SeNB to stop packet 1 related RLC retransmission and push the RLC transmission window. Obviously, this indication may be slower than Alternative 1, but does not introduce extra requirements to UE action. 
Considering the limited delay budget, we prefer Alternative 1.

Proposal 7: If the assisted retransmission is requested by UE, UE shall indicate SeNB to stop the corresponding RLC retransmission and push the SeNB’s RLC transmission window accordingly.
3   Conclusion
This contribution discusses the skew issue for a split bearer, and proposes the following:
Proposal 1: MeNB may help SeNB (re)transmit some packets if necessary.
Proposal 2: Assisted (re)transmission request is event triggered.
Proposal 3: For the scenario when the skew issue is due to air interface failure, if frequent indication of PDCP delivery status over X2 interface is configured, the assisted (re)transmission request is preferred to be generated by SeNB. Otherwise, the assisted (re)transmission request is preferred to be generated by UE.
Proposal 4: For the scenario when the skew issue is due to SeNB congestion/overload, SeNB may send a delivery overtime indication to MeNB upon the expiry of DeliveryTimer, so that MeNB may help the (re)transmission of the PDCP PDU in case of SeNB congestion.
Proposal 5: UE shall update RLC receiving window when it receives the assisted retransmission packet from MeNB.
Proposal 6: If the assisted retransmission is requested by SeNB, SeNB should stop the RLC retransmission if applicable and push the RLC transmission window accordingly.
Proposal 7: If the assisted retransmission is requested by UE, UE shall indicate SeNB to stop the corresponding RLC retransmission and push the SeNB’s RLC transmission window accordingly.
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