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1 Introduction 
RAN2 achieved following agreement in RAN2#85 meeting:
=>RLC UM like reordering scheme (with a t-Reordering timer) is used for PDCP layer reordering in case of split bearers.

But in RAN2#85bis modelling issue was raised i.e. whether pull model (RLC UM mode) or push model (RLC AM mode) should be introduced. 
As for the detail reordering scheme RAN2 agreed:
=>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. 
=>FFS which PDCP PDU SN(s) exactly to report based on what trigger (all delivered or only a subset)
In this paper both modelling issue and detail reordering scheme are discussed and concluded that both pull model and push model can work. Furthermore pull model is better in terms of UP performance.
2 Background: RLC re-ordering scheme
2.1 RLC-UM mode (pull model)
In RLC UM mode, the data packets are transmitted in one direction i.e. there is no feedback from receiver as indicated in Figure 1.

[image: image1.emf]Transmitter receiver


Figure 1 RLC UM mode 
The reordering window can be depicted in Figure 2. In Section 5.1.2.2.1 [1] reordering window is defined as following:
-
a SN falls within the reordering window if (VR(UH) – UM_Window_Size) <= SN < VR(UH);

-
a SN falls outside of the reordering window otherwise.

The reordering window consists of area 1, 2, 3 (note: VR(UX) and VR(UR) belongs to area 2). Area1 stands for SNs which were delivered to upper layer, if received. If newly received packets falls within this area, it will be discarded. It may not exists i.e. VR(UR) may equal to be VR(UH) – UM_Window_Size.Area2 stands for packets under reordering i.e. t-re-ordering timer is running for those packets. Area 3 stands for newly received packets without reordering yet.
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Figure 2 UM mode re-ordering (pull model)
The reordering window will be pulled only when one packet is received out of current reordering window! When packet whose SN=VR(UR) is received only related variable i.e. VR(UR) and VR(UX) are updated while reordering window is not pulled. When T-reordering timer expires packets within area2 will be delivered to upper layer i.e. some non-received packets will be lost therefore. 
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Figure 3 how is reordering window moved.
The transmitter has no idea which packet is received in receiver side due to lack of status report. If one packet is later for re-ordering i.e. it falls within area 1, it is discarded. If a packet is too later i.e. it falls behind the area1, then the protocol fail because it will be taken as new packet. In order to avoid protocol failure transmitter need control its output rate e.g. no more than half SN space should be sent within T-reordering .
2.2 RLC-AM mode (push model)
The transmitter in RLC AM mode can learn the situation in receiver thanks for polling scheme. 
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Figure 4
In section 5.1.2.3.2 [1] reordering window is defined as following:
The receiving side of an AM RLC entity shall maintain a receiving window according to state variables VR(R) and VR(MR) as follows:

-
a SN falls within the receiving window if VR(R) <= SN < VR(MR);

-
a SN falls outside of the receiving window otherwise.
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Figure 5 AM reordering window
The received packet will be discarded either because it falls out of the reordering window or duplication is detected. The reordering window will not be moved forwarded unless packet with SN=VR(R) is received. The transmitter can try to avoid sending a packet out of window by polling scheme i.e. to learn what is VR(R). When T-reordering timer expired VR(MS) is updated to show reordering of some packets is finished and transmitter should retransmit them once related status report is received. The reordering window is however not moved forward. So it is possible that one packet may arrive at receiver side after T-reordering timer expired.
3 PDCP re-ordering scheme
In RAN2#85 meeting following agreement was achieved;
0
We do not support RLC UM bearers in split mode.
2
From RAN2 point of view we do not want continuous PDCP status reporting from the UE to the MeNB.
This means transmitter can’t learn the reordering situation in received side directly. But since only RLC AM mode is supported in this release of dual connectivity, DPCP can learn the reordering situation indirectly due to the fact that RLC can indicate to the PDCP layer what happened over the Uu interface with some extra delay.
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Figure 6
One important difference between PDCP reordering functionality and RLC AM mode reordering is that PDCP PDU may be discarded. It could be done by PDCP-M or by RLC-S due to different reason. PDCP PDU could be also lost over X2 interface between PDCP-M and RLC-S with rare rate.
At last meeting two alternatives are proposed to do the PDCP reordering;
Alt1: RLC UM like i.e. pull model
Alt2: RLC AM like i.e. push model
Pull Model of RLC UM can be reused exactly the same. However for push model some modification must be done. This is because push reordering window will be blocked when one PDCP PDU is discarded by network. In order to not block push reordering window one solution is to move forward the reordering window when T-reordering timer expired. In addition variable VR(MS) is not needed because no regular status report is needed for PDCP reordering.
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Figure 7
Observation1: push model can be reused with the modification i.e. reordering window is moved forward when T-reordering expired by updating VR(R) correspondingly.
One of the consequences of this modification is that one PDCP PDU will be discarded when it arrives after related T-reordering timer has expired as indicated in Figure 7.
Observation2: updated push model will result in packet loss when it arrives after T-reordering expires
At last meeting RAN2 also agreed that “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)”. However it is not clear how this is achieved and how it is related to both pull model and push model.
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Figure 8
In Figure 8 T-reordering timer should be set in such way that it covers the worse case. The worse case depends on what kind of algorithm is used by PDCP-M. In Figure 8 it is assumed the maximum timing difference between RLC-M and RLC-S covers the duration when one PDCP PDU is sent out by PDCP-M to RLC-S till the maximum times of RLC retransmission is reached. It should be noticed MeNB can set proper T-reordering timer only when it also know the detail radio parameter like maximum RLC/MAC retransmission time of SeNB.
Figure 8 shows PDCP-M can estimate it will normally receive feedback information after t1+t2 after corresponding PDCP DPU is transmitted. So during t1+t2 it can send out PDCP PDUs within half PDCP SN space. Then if corresponding ACKs are received PDCP-M can continue to step forward otherwise it should stop transmitting to make sure either this PDCP PDU is discarded by RLC-S (if allowed) or it is received successfully. So ACK information is always needed. 
Proposal1: RLC entities should feedback ACK information of PDCP PDU to PDCP-M to enable control of PDCP SN space on the fly
RAN2 agreed that only RLC AM mode is supported in SeNB. According to current RLC AM scheme downlink RLC PDU will not be discarded once its transmission is started. It also means it is possible that one PDCP PDU arrive at receiver side after T-reordering timer expired because RLC retransmission could last for many times i.e. no limitation when e.g. sudden degradation of radio link occurs around the street corner.
Observation3: it is possible that one PDCP PDU will arrive later after T-reordering timer expires
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Figure 9 too late PDCP PDU with SN=L
It is assumed that PDCP SN L is later for reordering window. For pull model PDCP-M shall not send out a PDCP PDU whose SN is higher than L+ reordering window otherwise PDCP PDU L will fall out of reordering window and may cause HFN de-synchronization. According to proposal1 PDCP-M is able to do it based on ACK information. Actually RLC entity who is expecting PDCP PDU L is blocked at this moment. So PDCP-M can control this by controlling another RLC entity.
For push model PDCP-M shall do exactly the same operation. Before T-reordering timer expired PDCP PDU whose SN higher than L + reordering window will be discarded because they fall out of reordering window. After T-reordering timer expired reordering window is moved forward. If PDCP PDU whose SN higher than L + reordering window is received reordering window may move forward in such way that PDCP PDU L falls within reordering window again. In this case HFN de-synchronization may also happen.
So for both pull model and push model PDCP-M shall not send out more PDCP PDUs when one or more PDCP PDUs are pending over Uu interface even T-reordering expires. So NACK information from RLC entities doesn’t help anything i.e. it can’t help to step forward of transmitting window and reordering window.
Observation4: NACK information from RLC entity is not necessary
Observation5: pull model and push model has the same performance when treating late PDCP PDU
The story is different when one PDCP PDU is discarded e.g. by PDCP-M. In this case reordering window of pull model can be still pulled forward by PDCP-M. But for push model the reordering window will not move forward until T-reordering timer expires. It is also possible for RLC-S to discard PDCP PDU if such kind of PDCP PDU is stored in SeNB for too long time.
Observation6: pull model is better when treating discarded PDCP PDU by either PDCP entity or RLC-S entity.
Proposal2: PDCP reordering should use pull model
Proposal3 RLC-S should also report to MeNB which PDCP PDUs are discarded by SeNB, if any
4 Conclusion 
Observation1: push model can be reused with the modification i.e. reordering window is moved forward when T-reordering expired by updating VR(R) correspondingly.
Observation2: updated push model will result in packet loss when it arrives after T-reordering expires
Observation3: it is possible that one PDCP PDU will arrive later after T-reordering timer expires
Observation4: NACK information from RLC entity is not necessary
Observation5: pull model and push model has the same performance when treating late PDCP PDU
Observation6: pull model is better when treating discarded PDCP PDU by either PDCP entity or RLC-S entity.
Proposal1: RLC entities should feedback ACK information of PDCP PDU to PDCP-M to enable control of PDCP SN space on the fly
Proposal2: PDCP reordering should use pull model
Proposal3 RLC-S should also report to MeNB which PDCP PDUs are discarded by SeNB, if any
5 Reference
[1] 36.322 v11
[2] R2-141178  PDCP window handling for Dual connectivity; NSN, Nokia Corporation; Disc; 

[3] R3-140614  Flow Control over the X2 interface for split bearer
[4] R2-140243  PDCP reordering in dual-connectivity Samsung
_1461150397.vsd
Transmitter


receiver



_1461150399.vsd
PDCP-M


RLC-M


PDCP


RLC-M


RLC-S


RLC-S



_1461150401.vsd
PDCP-M


RLC-S


RLC-S-UE


PDCP-UE


t1


T-reordering


t2



_1461150402.vsd
VR(UR)


VR(UH)


VR(UX)


N=VR(UH)-UM_Window_Size


1


2


3


Late packet



_1461150403.vsd
SN=0


VR(MR)


VR(R)


VR(X)


VR(H)



_1461150400.vsd
SN=0


VR(MR)


VR(R)


VR(X)


VR(H)



_1461150398.vsd
SN=0


VR(MR)


VR(R)


VR(MS)


VR(X)


VR(H)



_1461150395.vsd
VR(UR)


VR(UH)


VR(UX)


N=VR(UH)-UM_Window_Size


1


2


3



_1461150396.vsd
VR(UR)


VR(UX)


N=VR(UH)-UM_Window_Size


1


2


3


VR(UH)


N=VR(UH)-UM_Window_Size



_1461150394.vsd
Transmitter


receiver



