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1
Introduction
The purpose of this email discussion is to gather company views on PDCP handling after split bearer reconfiguration towards MCG bearer.
In the second section some general comments are made. In the third one, the reconfiguration from split to MCG Bearer and temporary re-ordering is addressed. In Fourth section, some other issues related to split bearer reconfiguration are handled.
2
Background Information
2.1
Decisions

During last meeting (RAN2#86), it was agreed that:

=>
The PDCP starts reordering function immediately after receiving split bearer configuration message.

=>
At split bearer reconfiguration towards MCG bearer, MCG RLC is not re-established
=>
After split bearer reconfiguration towards MCG bearer, PDCP continues reordering operation for a short while.


- Until reordering buffer is emptied


- Until reordering buffer is emptied and next received PDU does not create SN gap


- Until a timer expires


- Until an explicit indication is received


- Left for UE implementation
The following takes those decisions into account for the discussion.
2.2
Types of reconfigurations
In our opinion, there are two cases of reconfiguration of a split bearer to MCG bearer: 

1) Reconfiguration involving a PDCP re-establishment. For example a HO to another (M)eNB while DC is configured. In this case, DC will be deconfigured together with the HO.
2) Reconfiguration not involving PDCP re-establishment. For example when a split Bearer is reconfigured to a MCG bearer but there is no change of MeNB.
Note that there could be PDCP re-establishment even if the bearer is kept as a split bearer, in case of MeNB key change for example. But this is not the purpose of the email discussion which is the reconfiguration of split bearer to MCG bearer.
Observation 1: There are two ways to switch from “split bearer” reordering to “legacy” re-ordering:

-
with PDCP re-establishment;
-
without PDCP re-establishment.
	Question 1: Do companies agree that there are two ways to switch from “split bearer” reordering to “legacy” re-ordering:

-
with PDCP re-establishment;

-
without PDCP re-establishment.

	Company
	YES/NO
	Comments

	Samsung
	Yes
	

	Nokia Networks, Nokia Corporation
	YES
	If there is a PDCP re-establishment, the legacy procedures can apply.

	Ericsson
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Broadcom
	Yes
	

	CATT
	Yes
	

	Fujitsu
	Yes
	

	Alcatel-Lucent/ Alcatel-Lucent Shanghai Bell
	Yes
	

	LG
	No
	We think ‘with PDCP re-establishment’ doesn’t need to be considered.

Upon HO to another (M)eNB, Split bearer is reconfigured to MCG bearer first, and then legacy PDCP re-establishment procedure is performed by HO.

	ITRI
	
	The first paragraph is about reconfiguring a split bearer to MCG bearer, but the observation/question is about swtihing reordering function from “split bearer” case to “legacy” case. We wonder what the purpose of this question is and what the relation between this question and the following questions is.

	III
	Yes
	

	ZTE
	Yes
	For HO case split bearer is deconfigured directly i.e. there is no temporary reordering and it is not necessary to fall back to MCG bearer.

	ETRI
	Yes
	

	NTT DOCOMO
	Yes
	

	NVIDIA
	No
	We agree that “there are two cases of reconfiguration of a split bearer to MCG bearer” (with or without PDCP reestablishment).
But we think “legacy” re-ordering currently only applies when there is a PDCP re-establishment.
If there is no PDCP re-establishment, the agreement is to have temporary split bearer reordering. The question seems to imply that after that we would need to apply legacy reordering, we believe it is not the case.

	Intel
	Yes
	

	Qualcomm
	Yes
	The re-establishment, when required, happens after the switch and corresponds to the legacy procedure.


2.3
PDCP Substates
Figure 1 below presents the PDCP “substates” according to latest discussions for a split bearer. 
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Figure 1: PDCP “substates”

The different transitions are illustrated below:

1 – Reconfiguration MCG to split Bearer

2 – Release of SeNB: Reconfiguration Split to MCG Bearer

3 – End of temporary re-ordering

4 – Handover in MeNB

5 – Handover in MeNB during temporary re-ordering

6 – Configuration of SeNB before the end of temporary reordering

7 – Regular HO

8 – Simultaneous MeNB/SeNB HO for example in case of change of KeNB in MeNB.
9 – SeNB HO


The different “substates” are the following:

-A- Legacy 
-B- Split Bearer, normal operation (with SCG RLC)
-C- Split Bearer, reconfigured to MCG bearer (without SCG RLC), but still doing split bearer re-ordering 
Question 2: Do companies agree on the modeling above

	Question 2: Do companies agree with modeling above

	Company
	YES/NO
	Comments

	Samsung
	No
	We agree it is good to start from a figure/state-diagram. We made a similar figure in R2-141940 figure 2. 

· 
The figure in R2-141940 is a bit simpler in that it assumes no separate state C. Is there a need for distinsghuishing state C in this discussion ? I.e. we assume the reordering during this state will be the same as in state B. Also we would assume in the spec we are not going to create a separate section for describing the same re-ordering twice. So could we remove state C (i.e. steps 2 and 6 start/end in same state) ? 
· 
The figure proposed here seems to give a bit of an incomplete (and as a result maybe a bit misleading) overview ? I.e. it shows PDCP re-establishment for some cases but not for other cases. E.g. it seems no re-establishment is needed in case of SCG release if we follow the steps in the figure (B-2-> C -3-> A). However at a receiver, RLC flushing will happen and a status report will have to be triggered somewhere in this sequence so some kind of re-establshment lseems required also in this case ?

· 
Maybe a bit less relevant for the re-ordering discussion, but also in case of step 9 a kind of re-establishment action is needed ?
[SAM2]: In response to reply from NSN: It seems our understanding of what is needed in the end is quite aligned. No strong feeling whether we should pursue this further in this email discussion or in the next meeting. But in general there seem so many open issues for DC user plane that it might be good to increase common understanding wherever possible…

	Nokia Networks, Nokia Corporation
	YES
	The table has been drafted to help the discussion on the reconfiguration, not to be included in the specifications. Thus, we think that it is still relevant to take into account state C for which there is no SCG RLC. However, we agree that this will be treated the same way in the specifications as state B.

The current specs only define one kind of PDCP re-establishment, and it is that which the proposed state model refers to. But it is true that in some transition, a kind of “light PDCP re-establishment” is needed, and the figure can be enhanced by adding more description (focusing on split(MCG reconfiguration):

2- Status report is sent.UE sends missing PDU on the UL

We agree that in case of step 9, there is SCG-RLC release and establishment, and a status PDU has to be sent But it is not linked with split(MCG reconfiguration.

	Ericsson
	Yes
	We are OK with the figure. We think state C is important to model, in particular in this discussion on continued reordering, e.g. for reordering buffer transitions discussed in Question 6. This does not mean that these states need to be reflected in the PDCP specifications in the same way. We don’t think that a new partial PDCP reestablishment is needed when RLC is flushed, it can be handled localized by RLC reestablishment.

	Huawei, HiSilicon
	Yes
	The illustration of these state transitions is helpful for the discussion of PDCP operation on split bearer.

	Broadcom
	Yes
	The figure looks a good starting point for the discussion but we suppose all the states in the figure won’t be reflected in the specification.

	CATT
	Yes
	There is no need to state substate “C” in the specification, as it can be considered as part of substate “B”.

	Fujitsu
	Yes
	The figure looks a good starting point. We also think that (1) all the states may not be reflected in the specification, (2) SCG-RLC release and re-establishment would be considered rathen than “light PDCP re-establishment”, and (3) KeNB change of MeNB during the state C may occur.

	Alcatel-Lucent/ Alcatel-Lucent Shanghai Bell
	No
	It seems the introduction of the state diagram is to assist the email discussion, however only very few places of the email discussion use reference back to the state diagram. 

	LG
	No
	We think Transition 1,2,3, and 7 cover all possible scenarios.

· Transition 4 can be replaced by 2(3(7.

· Transition 5 can be replaced by 3(7

· Transition 6 can be replaced by 3(1

· Transition 8 can be replaced by 2(3(7

· Transition 9 can be replaced by 2(3(1.
We think 1 and 2 are obvious, and 7 is legacy behaviour. So, we shoud focus only on 3 in this e-mail discussion.

	ITRI
	No
	This figure is good for studying the related issues. But, we also agree with LG that some transitions can be replaced. For transition 6 and 9, the reasonable way is to stop re-ordering first before being configured to a split bearer again. Therefore, it is not necessary to have a separated state C. In other words, state C can be part of state B.

	III
	Yes
	This model clearly presents all of the possibility of state transition. When SeNB is released, it still left some out of sequence PDUs in the reordering buffer. However, in such status the reordering function should not be turned off immediately. Hence, the state C should exit.

	ZTE
	No 
	By mixing HO case is bit complicated to discussion the issue in this email discussion. In addition transition 6 is really a corner case

	ETRI
	No
	This state diagram seems to be helpful for discussion of PDCP operation for split bearer. However, we think that substate “C” looks like a part of substate “B” in specification and further discussion is needed whether all the transitions on above diagram are required or not. 

	NTT DOCOMO
	
	We think that the figure will be helpful to have common understanding. We agree with Broadcom that this will not be reflected in the spec.

	NVIDIA
	Yes
	We think it is a good figure to discuss all the possible scenarios.

	Intel
	Yes
	The figure is helpful for the email discussion, while it might not be necessary to reflect such state transition in specification.

	Qualcomm
	No
	Several transitions seem overly complex and need clarifications, in our view:

· 4: The re-establishment occurs in (7) and is as in legacy PDCP;

· 5: The re-establishment occurs in (7) and is as in legacy PDCP;
· 8: not needed. MeNB HO will trigger switch to (A) and re-establishment (7).

In general, we think that any transitions involving changes in MeNB (HO, KeNB change) can be dealt with bylegacy re-establishment procedure. 


3
Discussions

3.1
Single RRC message

When a HO is performed in legacy releases, only one downlink RRC message is enough for the UE to trigger it. In the case of RB reconfiguration from split bearer to MCG bearer, the same approach should be taken: a single RRC message should be enough to perform the reconfiguration.
Question 3: Do companies agree that it should be desirable to reconfigure a split bearer to a MCG bearer using a single RRC message? 
	Question 3: Do companies agree that it should be desirable to reconfigure a split bearer to a MCG bearer using a single RRC message?

	Company
	YES/NO
	Comments

	Samsung
	Yes
	

	Nokia Networks, Nokia Corporation
	YES
	Having multiple RRC messages makes the procedure heavy and mixed UP and CP operations.

	Ericsson
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Broadcom
	Yes
	

	CATT
	Yes
	

	Fujitsu
	Yes
	

	Alcatel-Lucent/ Alcatel-Lucent Shanghai Bell
	
	Single RRC message for the bearer re-configuration seems logical. However, this should be discussed incooperation to RRC message structuring, not in this email discussion.

	LG
	Yes
	RRC aspect is under discussion in another e-mail thread.

	ITRI
	Yes
	Does it mean that the reconfiguration (split bearer to MCG bearer) can be part of HO command? If yes, we think it is possible.

	III
	Yes
	

	ETRI
	Yes
	

	NTT DOCOMO
	Yes
	

	NVIDIA
	Yes
	

	Intel
	Yes
	

	Qualcomm
	Yes
	


3.2
When to stop re-ordering

The behavior of PDCP when a Bearer is re-configured from split bearer to MCG bearer was discussed, and it was agreed that there would not be MCG-RLC re-establishment, based on an assumption that that would require the reset of MCG-MAC in order to flush the data being transmitted for the corresponding Logical Channel, which was considered too complex, or to selectively flush the HARQ which was also considered as complex.
Some possible triggers for the end of the re-ordering have been proposed [1]:

1. Until reordering buffer is emptied

2. Until reordering buffer is emptied and next received PDU does not create SN gap

3. Until a timer expires

4. Until an explicit indication is received

5. Left for UE implementation
It has also been proposed to leave the re-ordering running until the next re-establishment of PDCP (i.e. in terms of the PDCP-substate model in section 2.3, there would only be the transitions 5 and 6, but not 3). It can be considered as proposal 4 where the indication is an instruction to carry out PDCP re-establishment:
6. The re-ordering continues until PDCP re-establishment.

Some other proposal can also be made:

7. Other 
Question 4: Which of the 7 alternatives above do companies prefer to stop re-ordering? 
	Question 4: Which of the 7 alternatives above do companies prefer to stop re-ordering? 

	Company
	Preference
	Comments

	Samsung
	2
	[SAM2]: In response to NSN: We have a question on how alternative 6 would work ? Could you explain the sequence of steps for alternative 6 ? E.g. at SCG release, the SCG-RLC will delivery out of sequence PDU’s to MeNB. Probably UE should trigger a PDCP status report to inform the MeNB about the lost PDCP PDU’s (this “light” PDCP re-establishment). It seems at this stage you want to continue using “split-bearer-reordering” on the MCG bearer ? Then you assume that there is a next re-establishment to follow some time later? Is it still related to this SCG release (if so, when is it triggered), or just any re-establishment that would happen for other reasons ? 

	Nokia Networks, Nokia Corporation
	6
	Alternative 6 allows continuing the re-ordering with the same handling of gaps as before the reconfiguration. The re-ordering timer may have to be changed to a better value when the RRC message is received, so that it does not expire before the PDCP retransmissions are done.
[Nokia Networks, Nokia Corporation-2]

The behavior we expect for Alt6 is not different from the other alternatives involving "temporary re-ordering":


-at re-configuration order: the SCG RLC is released, and the RLC SDU in the buffer are delivered to PDCP (flush).(We think it should not trigger re-ordering timer.)


-a PDCP status report is sent by the UE

The difference is that it is done longer. The same re-ordering as Split Bearer applies until the following events:

-if the PDCP is re-established (e.g. for HO), the legacy behavior applies

-if the bearer is re-configured to Split Bearer again, the SCG link is added.

-if there is no event, the re-ordering continues

In case of other temporary re-ordering alternatives, the first event above shall also trigger the end of re-ordering if it occurs before the expected end of the temporary re-ordering.

There is no additional signaling.

We think that Alt2 suffers the same issues as Alt1(see also HW's comment). Some PDU may be lost:

In case PDCP PDU #1,3,4 are in the MeNB RLC buffer and if PDCP buffer is empty at the moment of the reconfiguration, The last delivered SDU to higher layers is #0. PDU#2 was sent to SeNB but is not yet received by the UE at the moment of the reconfiguration. The delivery of #1 will not create gap and leaves the buffer empty, triggering the change to legacy behavior. However when #3 is received, it will be delivered to higher layer and #2 is lost.


	Ericsson
	2
4 and 6
	We prefer Alt2 since it does not introduce unnecessary complexity by a new timer, or additional signaling. Alt1 does not work for case where PDCP PDU(s) from before SRB release is in flight in RLC of DRB when UE receives SCG release command from RLC of SRB.

Further, the behavior should not be left for UE implementation. Otherwise there is an uncertainty in the eNB when the UE stopped the reordering, and thus e.g. the MeNB PDCP transmitter cannot estimate data in flight correctly, or is uncertain about when the PDCP PDU discard functionality can be re-activated.

In response to NSN-Nokia, when does this re-establishment apply? Is it triggered by additional signaling?

[Ericsson2]

We acknowledge that Alt2 does not work in all cases as pointed out by other companies. To avoid uncertainty when the reordering is finished, we should not leave it to UE implementation. A clear solution would thus only be an explicit indication by the eNB, which might e.g. be by last-ouf-of-sequence endmarker in the reconfiguration RRC message, new PDCP Control PDU, PDCP reestablishment, or another RRC reconfiguration to e.g. set timer value to 0ms. The endmarker proposal from Huawei, R2-142059, would have for example the advantage that no additional signaling message is needed.


	Huawei, HiSilicon
	4
	We don’t prefer alt3, as it is not clear how an appropriate timer value can be configured.

Alt5 is not desirable either, as it introduces the ambiguity between network and UE on whether the re-ordering operation is in place or not. This makes it difficult for the network to control the quality of a bearer transmission - if the re-ordering is stopped too early, some packets are unnecessarily lost, even they are retransmitted; if the re-ordering is stopped too late, either eNB loses the capability of discarding PDCP packets to combat congestion or delay is introduced before the packets are delivered to the higher layer.
Alt1 and Alt2 can not avoid packet loss when split bearer is switched to MCG bearer, as shown in an example illustrated in the following figure.
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Would Alt6 mean that the re-ordering continues till an MeNB handover occurs (i.e. PDCP re-establishment)?
As discussed in R2-142059, Alt4 can be implemented quite easily by the network to control precisely when the re-ordering function should be stopped. Since the retransmission is performed by MeNB, it has the full knowledge to make that decision for efficient operation.

	Broadcom
	3 or 5
	Alternatives 1 and 2 do not guarantee that the out-of-sequence delivery has stopped although further gaps may be very unlikely. The ending conditions in alternatives 1 and 2 are, in practice, very close to conditition that the timer t-Reordering is not running, because the timer is running when there are gaps in the reordering buffer, but we think that this should not be taken to be the same as alternative 3.

A simple implementation of alternative 3 would be to start timer t-Reordering when the command to stop reordering is received (although there were no gaps in the reordering buffer at that time). The timer would not be started, restarted, or stopped after that under any circumstances, but the reordering would be active until the timer expires. This guarantees that any out-of-sequence PDUs that still might be on their way would be handled properly. The expiration time of the timer can naturally be kept the same as it was during the split operation.

Alternatives 4 and 6 surely are robust solutions, but they are too heavy to be reasonable for such a simple functionality.

Alternative 5 is also a feasible solution, but it may be hard to find a wording that would be clear enough. If something like “the UE shall stop reordering after it can be sure that no further gaps due to split operation are possible” is considered sufficient and can be agreed, then this is a feasible alternative.

	CATT
	5 and 6
	The legacy PDCP reordering is always active to ensure in-sequence delivery and potential HFN desync. In Alternative 6, the Rel-12 PDCP reordering can also be kept always active until PDCP reestablishment. Then the legacy PDCP reordering can apply after PDCP reestablishment. Alternative 5 allows any kind of UE implementation (like a timer) to stop the Rel-12 PDCP reordering. The UE has to guarantee the stopping of the Rel-12 PDCP reordering will not create further gaps. Then the legacy PDCP reordering can start at anytime when the Rel-12 PDCP reordering stops. However we do not have to sepecify the details of Alternative 5 in the specification, and we also do not have to prohibit the UE implementation based stopping of Alternative 5.
From the network point of view, the network will always send in-seqence PDCP PDU after changing the split bear to the MCG bearer. For Alternative 5, the network does not have to know the exact timing when the UE stops the Rel-12 PDCP reordering.

	Fujitsu
	4 and 6
	One of the objectives of SCE is to enhace the per-user throughput enhancement. To achieve this goal, a robust method seems to be needed. So Alts 4 and 6 are preferred method among the alternatives on the table. 

	Alcatel-Lucent/ Alcatel-Lucent Shanghai Bell
	5 or 6
	Alt 1 and 2 may result in some packets been lost. Alt 3 has similar drawback depending on the timer setting which require taking into account the time for re-transmission of packets. Too short timer setting results in lost of PDCP packets. Alt 4 provides a solution to synchronize the Ue and network operation, however it is seen such a detail solution is not necessary for the problem. Therefore we think leaving the UE implementation to when to stop re-ordering to avoid lost of packets after bearer re-configuration is sufficient. On the other hand, given the UE has already implemented the re-ordering function, Alt 6 continue re-ordering until the next PDCP re-establishment can also be considered. If the network is required to discard PDCP packet due to congestion, the network can discard the PDCP SDU thus not interfering with PDCP protocol operation.



	LG
	6 or 4.
	The split bearer reception procedure is to be specified in a separate section, and there is no problem to apply this split bearer reception procedure to MCG bearer as well. Thus, we can continue split bearer reception procedure for MCG bearer even after split bearer is released. 

Regarding Alt 6, RAN2 need to discuss in which case PDCP re-establishment needs to be performed. We think transition from split bearer reception procedure to legacy reception procedure does not necessarily need to perform PDCP re-establishment unless security key is changed.

Regarding Alt 4, the MeNB sends an explicit indication, e.g., RRCConnectionReconfiguration, to move to the legacy reception procedure when the MeNB considers that PDUs are transmitted in-order. Alt 4 requires an additional explicit signaling but it provides network flexibility (We are not sure whether such a flexibility is beneficial).

	ITRI
	5
	For the sake of robustness, both Alternative 4 and 6 could be considered. However, Alternative 4 needs an additional signaling. Alternative 6 seems no benefit for UE to do re-ordering when the packet forwarding is done. Therefore, we think it can be left to UE implementation, i.e., Alternative 5. A GOOD UE implementation should know when to stop re-ordering.

	III
	5 or 7
	This is an implementation issue. Alternative 5 allows eNB or networks to provide some kind of assisted information (e.g., explicit signalling, timer) for stopping reordering. But the eNB-assisted or network-assisted information should need to be standardized in the specification.

	ZTE
	3
	UE’s PDCP layer actually doesn’t know whether there is PDCP SN “gap” hidden in the RLC/MAC layer of MeNB when UE receives RRCConnectionReconfiguration message. And it is also possible that reordering is not started yet based on received PDCP PDU. So actually solution1 and solution2 don’t work.
As network vendor we don’t like solution4 since it introduce uncertainty in UP plane. And the concern on solution5 and solution6 is their complexity of specification and standardization considering it is small issue and actually the temporary reodering will last only few 10 ms.

	ETRI
	4 or 6
	Alt.1 and Alt.2 may cause some packet loss when a bearer is reconfigured from split bearer to MCG bearer. In alt.3,, it is difficult to set a timer value for reordering considering  time for retransmission of packets. Alt.5 might introduce some inconsistency between UE and network.

In alt.4, since MeNB indicates which PDU is the last out-of-sequence PDU with explicit signaling, there is no ambiguity between network and UE. In alt.6, as reordering for reconfigured bearer (i.e. from split bearer to MCG bearer) continues until PDCP re-establishment, it could be also considered as a solution.

	NTT DOCOMO
	4
	If we aim to avoid the packetloss, UE should know the appropriate timing when the retransmission of the data which were once tried to be transmitted from SeNB will end. From that point of view, explicit indication will be needed. 

	NVIDIA
	4
	6 would work also, however this would mean that a MCG could basically be configured with “split bearer reordering”, whereas the agreement was that only split bearer would have this reordering.
We have some concerns on the fact a MCG bearer could behave differently depending if previously it was configured as a “split bearer” or not.
Typically, what about the PDCP PDU discard function? Would it be deactivated? But in that case, why not deactivate it for any MCG bearer? On the other hand, if not deactivated, UE performance would be degraded.

	Intel
	4
	MeNB has the knowledge of when the retransmission of the PDCP PDUs is finished (based on RLC Status PDU), therefore Alt. 4 provides an efficient and accurate solution. Note that additional signalling overhead might not be an issue as it is only sent for split bearer to MCG bearer switch.

	Qualcomm
	3
	A timer-based mechanism seems simple and sufficient, while minimizing complexity. The network has to anyway configure an appropriate t-Reordering in order to minimize packet loss during normal operation, so configuring a timer for the temporary reordering does not seem challenging and would minimize impact on the UE. 


4
Handling of PDU in the buffer during re-configuration
For a MCG bearer (using legacy PDCP procedures), the order of actions is the following:

PDCP performs Deciphering --> Header Decompression --> PDU storage in the buffer / delivery 
As a consequence, for a MCG bearer, the PDCP buffer may contain de-ciphered and de-compressed PDU. When the bearer is reconfigured to a split bearer, if the buffer contains de-ciphered and de-compressed PDU for example in the case of a HO followed by a SCG addition, it is obvious that those PDU will not be re-ciphered or re-compressed. 

Observation 2: During split bearer operation, the PDCP buffer may contain de-ciphered and de-compressed PDUs.
During RAN2#86 meeting, the order of operations when a PDU is received was decided as following:

=>
PDCP performs Reordering --> Deciphering --> Header Decompression

This means that for a split bearer, there will be ciphered and compressed PDU in the buffer. 

Observation 3: During split bearer operation, the PDCP buffer may contain ciphered and compressed PDUs.
This lead to the following:

Observation 4: During split bearer operation, the PDCP buffer may contain both de-ciphered and de-compressed along with ciphered and compressed PDUs.
Question 6: Do companies agree with the 3 observations above?
	Question 6: Do companies agree with the 3 observations above ?

	Company
	Yes/No
	Comments

	Samsung
	Yes
	[SAM2]: So far we have been assuming that PDCP is operating (at least in the model) with 1 buffer. This is our understanding for Rel-8 (buffer stores deciphered/decompressed information), and we were assuming also one buffer for the Rel-12 split bearer operation. 
If e.g. the split bearer operation would work with 2 buffers, then we would have to specify actions related to high to get rid of one buffer when we go from split->MCG ?

	Nokia Networks, Nokia Corporation
	YES
	This is unavoidable if we have 1 PDCP buffer.

	Ericsson
	YEs
	

	Huawei, HiSilicon
	Yes
	

	Broadcom
	Yes
	

	CATT
	Yes
	

	Fujitsu
	Yes
	

	Alcatel-Lucent/Alcatel-Lucent Shanghai Bell
	 Yes
	When using 1 buffer to store deciphered/decompressed SDUs and PDCP PDUs which are not yet deciphered/decompressed, the above situation may occur only if the split bearer is set up immediately after a HO.

	LG
	No
	In-order delivery buffer is used for legacy PDCP reception procedure while re-ordering buffer is used for split bearer reception procedure. Those two buffers are logically different. We don’t understand why Observations mixed up two buffers.

Moreover, legacy in-order delivery function is activated only when PDCP is re-established. When MCG bearer is reconfigured to Split bearer, PDCP doesn’t need to be re-established. So, there would be no de-ciphered and de-compressed PDUs in in-order delivery buffer when MCG bearer is reconfigured to split bearer.

	ITRI
	No
	We share the same view of LG.

	III
	Yes
	PDCP operates reordering, deciphering and decompression in single buffer, so the above observations are visible.

	ZTE
	No
	This issue will only occur when there is only one buffer and split bearer is configured when legacy PDCP reordering is not finished yet which suppose to last very shortly. In addition MeNB know when legacy reordering is finished. It can be avoided if split bearer is configured after legacy reordering is finished.

	ETRI
	Yes
	Considering only one buffer, above observations are reasonable.

	NTT DOCOMO
	Yes
	

	NVIDIA
	Yes
	In the use case HO followed by SCG addition.

	Intel
	Yes
	

	Qualcomm
	Yes
	


When a split Bearer is reconfigured to a MCG bearer and legacy behavior applies, two behaviors can happen:
1. The PDUs are de-ciphered and de-compressed during the reconfiguration

2. The PDUs are left ciphered and compressed in the buffer.

In case of choice 2, it can happen that some PDU are stored in the buffer using different keys.
In case of choice 2, the legacy behavior needs to be changed to take into account the presence of ciphered and compressed PDU in PDCP Buffer.
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Figure 2 : PDU handling during reconfiguration for ciphering.
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	Question 7: Should UE de-cipher and de-compress all PDU in the buffer when the bearer is changed from split bearer to MCG bearer and legacy behavior is applied?

	Company
	YES/NO
	Comments

	Samsung
	‘deciphering ( reordering ( decompression’ should be considered 
	The problem seems steming from ‘reordering before deciphering’. It is still valid that decompression shall be done after reordering. 
During the last meeting, some companies proposed to apply ‘deciphering ( reordering ( decompression’, and not agreed due to lack of supports. 

Now with this problem identified, we should consider the approach one possible approach.

	Nokia Networks, Nokia Corporation
	YES (Choice 1)
	This shows how complex it is to reverse the order of deciphering and header compression compared to legacy.

Note that the same happen for header compression: we have to chose if the stored PDU are decompressed when the bearer is reconfigured from split to MCG. We think that it makes sense to decompress them so that legacy behavior is not touched.

However we may re-consider the order of actions when a PDU is received: maybe we should have reordering and storage after deciphering or after deciphering and header decompression.
[Nokia Networks, Nokia Corporation-2]

Regarding the question from Ericsson about having PDU ciphered with different keys:

In case of Choice 2 (the PDU are not deciphered upon reconfiguration) is chosen. In case of Handover, the split bearer is first reconfigured to MCG bearer, and the PDCP buffer contains PDU ciphered with the old key (K1). After a HO to another MeNB, establishment of DC and reconfiguration to split bearer the UE will receive PDU ciphered with the new key (K2)

Note also that in case of change of Key in MeNB (transition 9), there is a similar case: before the change of key, the PDCP Buffer contains PDU ciphered with Key K1, and after the change of keys, the UE will receive PDU ciphered with the new Key K2.



	Ericsson
	Yes, this is one option
	With the agreement that there is one separate section for the PDCP reception algorithm in case of split bearers, it should be no problem to change the procedure so that deciphering is done before reordering, as indicated by Samsung.

Nevertheless, it does not solve the problem that there would be both compressed and decompressed PDUs in the buffer.

Also, we don’t understand why there would be different keys used as there would be no PDCP reestablishment (KeNB) change in the split – MCG bearer reconfiguration.



	Huawei, HiSilicon
	Yes (to not change the agreement of the sequence of actions in PDCP operation on split bearer)
	We also acknowledge that the agreement was made in last meeting, just because the alternate proposal of “deciphering -> reordering -> decompression” was short of support. We were neutral then between the two options, and even pointed out that there was no major issue identified for the alternate one.
Since the agreement has been made, and the newly identified issue seems to be solvable, we have slight preference to keep the agreement, for the sake of keeping progress for timely completing the work.

As the alternate proposal still leads to a PDCP buffer having compressed and decompressed packets mixed together, it is not much better than the agreement in this regards.
But we are wondering if following the legacy approach (i.e., deciphering and decompression before re-ordering) may be practically fine, given
· The efficiency of ROHC operation may not be very important for the use cases when split bearer is applied;
· IR packet may be relatively rare; and
· MeNB can control the delivery of IR packet ahead of the subsequent packets, e.g., by having IR packet transmitted on MeNB before distributing any subsequent packets to SeNB.

	Broadcom
	No (can be left to UE implementation)
	There is no need to de-cipher de-complress all the PDUs in the buffer. The reason would only be to obey the Rel-8 requirements to the letter also during the transition from the split operation to the single connection. As it was possible to deviate from the Rel-8 behaviour in the split operation, it is naturally feasible during the transition. The UE naturally has to be careful to apply the correct ciphering key to each PDU. The UE may naturally choose to de-cipher all the PDUs with the old key before applying the new key, but it can be left to the UE implementation, because it is not required for the correct operation of the system.

	CATT
	No (left to UE implementation)
	This is just one option. Another option would be that the UE can keep the legacy PDCP reordering running for PDCP SDU. But in parallel the UE also uses the Rel-12 PDCP reordering for PDCP PDU. Then how to coordinate the two reordering windows can be left to the UE implementation, as the UE knows every PDCP SN in both reordering windows. Or the UE can use one reordering window for both PDCP PDU and PDCP SDU.

	Fujitsu
	Yes or left to UE implementation
	We would also keep the agreement in the last meeting i.e. PDCP performs Reordering --> Deciphering --> Header Decompression, so that Choice 1 is one ontion as companies indicated above. At the same time, even if the de-ciphering and de-complession are left to the UE implementation, the buffer management and PDU handling can’t be broken.

	Alcatel-Lucent/Alcatel-Lucent Shanghai Bell
	Yes (Choice 1)
	We support choice 1. Other option is to revisit the previous agreeement on re-ordering before de-ciphering to align the order of processing with legacy. 

	LG
	No
	We don’t think key change happens during performing split bearer reception procedure. Upon MeNB HO, the UE stops split bearer reception procedure and move to legacy reception procedure. Then, the UE performs PDCP re-establishment with key change. Thus, we think the re-ordering buffer always stores ciphered and compressed PDUs.

	ITRI
	No (left to UE implementation)
	Agree with CATT. Re-ordering buffer always stores ciphered and compressed PDCP PDUs according to Rel-12 PDCP behaviour.

	III
	No
	It depends on whether the Key is changed or not. If the Key change does not happen while the bearer is changed from split bearer to MCG bearer, de-ciphering and de-compression all PDUs in the buffer are not necessary. Upon key change, the UE is applied to legacy behavior.

	ZTE
	No
	After UE receive RRCConnectionReconfiguration message temporary reordering will run until some considtion is met. So the treatment order will not be changed back to legacy one unless temporary reordering is ended. That’s why PDCP PDU will not be mixed with PDCP SDU.

	ETRI
	No
	When bearer reconfiguration from split bearer to MCG bearer is carried out, key change is not always occurred. Thus, it is not necessary to perform deciphering and decompressing all PDUs in the buffer during reconfiguration. 

	NTT DOCOMO
	Left to UE implementation
	We think we should first have the common understanding on the potential issue to be resolved by this proposal.

	NVIDIA
	Yes (choice 1)
	We do not like the idea to have to handle both stored ciphered/compressed and unciphered/uncompressed PDUs simultaneously.

	Intel
	Left to UE implementation
	We agree with NTT DoCoMo that common understanding on the issue is needed.

	Qualcomm
	Yes (Choice 1)
	Any stored PDUs need to be deciphered and de-compressed before PDCP can  process new PDUs after the reconfiguration, 


5
Summary
A total of 20 companies took part in the discussions.
The 6 questions along with a proposal for each to reflect the ouctome are listed below (there is no question 5):

1.
 Do companies agree that there are two ways to switch from “split bearer” reordering to “legacy” re-ordering:

-
with PDCP re-establishment;

-
without PDCP re-establishment.
All but two (18) companies agree with the observation, one company disagrees.
Proposal 1: The reconfiguration from split bearer to MCG bearer can be done via PDCP re-establishment (e.g. in case of HO) or via temporary re-ordering.

2.
Question 2: Do companies agree with modelling above (figure 1)

A majority of companies (11 vs 8) agree with the modeling as a starting point but think that it should not be in the specifications.

Proposal 2:The figure can be used when referring to state change in PDCP in RAN2 discussions. The figure is not included in specifications
3.
Do companies agree that it should be desirable to reconfigure a split bearer to a MCG bearer using a single RRC message?

All companies (19) agree with the modeling.

Proposal 3: A single RRC message is used to reconfigure a split bearer to a MCG bearer.

4.
 Which of the 7 alternatives above do companies prefer to stop re-ordering? 
1. Until reordering buffer is emptied

2. Until reordering buffer is emptied and next received PDU does not create SN gap

3. Until a timer expires

4. Until an explicit indication is received

5. Left for UE implementation

6. The re-ordering continues until PDCP re-establishment.

7. Other 

Alt. 2, alt. 3, alt. 4, alt. 5, alt. 6, alt. 7 are mentioned respectively by 1,3,9,9,6,1 companies. There was no support for Alt 1.

Proposal 4: RAN2 to discuss and chose between Alt. 6 and Alt. 4.
6.
Do companies agree with the 3 observations?

Observation 2: During split bearer operation, the PDCP buffer may contain de-ciphered and de-compressed PDUs.

Observation 3: During split bearer operation, the PDCP buffer may contain ciphered and compressed PDUs.

Observation 4: During split bearer operation, the PDCP buffer may contain both de-ciphered and de-compressed along with ciphered and compressed PDUs.

All but three companies (17) agree with the observations. Some companies (two) think that there will be two distinct buffers and that PDU and SDU would not be mixed.

Proposal 6: The reordering function takes into account that during split bearer operation, the PDCP buffer may contain both de-ciphered and de-compressed SDU along with ciphered and compressed PDUs.
7.
Question 7: Should UE de-cipher and de-compress all PDU in the buffer when the bearer is changed from split bearer to MCG bearer and legacy behavior is applied?
A majority of companies (11 vs 7) thinks that UE should de-cipher the stored PDU. Six companies suggested leaving it to UE implementation. Two companies mentioned that if we change the order reordering(deciphering to deciphering(reordering, we have no issue.
Proposal 7: As a baseline, UE should de-cipher the stored PDU when the split bearer is changed from split bearer to MCG bearer and legacy behavior is applied. 
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