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Discussion and decision
1 Introduction

This contribution concerns a report of the following RAN2 e-mail discussion:

[87#23][LTE/DC] PDCP issues (Samsung)

-
Update of PDCP Split bearer reordering procedure based on the agreements made in RAN2#87

-
Discuss how agreements on partial reestablishment affect PDCP and capture it in the text proposal if feasible.

=>
Intended outcome: Email discussion report
Generally speaking, the aim of the e-mail discussion would be to produce the text proposal capturing the PDCP agreements shown in table 1 as much as possible. Each agreement is referenced with Ax.
	=>
A1: When SCG is added there is always at least one SCG or Split bearer. SCG cannot exist without any bearer. 
=>
A2: When bearer type is changed from Split to MCG bearer or changed from Split to Split bearer (without MeNB HO):

- Continue using same keys


- No ROHC reset


- For DL, PDCP PDU reordering procedure continues for Split to Split bearer change (A2-1)

- For DL, PDCP status report transmission for DL transport, if configured by upper layer (A2-2).

- For UL, Restart transmissions of PDCP PDU’s previously transmitted via SCG for which delivery is not confirmed by lower layers (A2-3)
=>
A3: Normal PDCP re-establishment will be applicable at an individual bearer level in case of bearer type change:


- MCG bearer -> SCG bearer


- SCG bearer -> MCG bearer


- SCG bearer -> SCG bearer (SCG change)
=>
A4: Bearer type change from MCG bearer -> Split bearer does not trigger PDCP status report.
=>
A5: Bearer type change from MCG bearer -> Split bearer does not trigger UL PDCP retransmission.
=>
A6: At UL direction change, RLC keeps retransmitting RLC PDUs, and eNB PDCP performs PDU reordering.
=>
A7: Temporary reordering is considered only for Bearer Type change from Split bearer to MCG bearer case without involving Security Key change and Header Compression reset.

=>
A8: At Split bearer to MCG bearer change with MeNB handover, the PDCP PDU reordering is disabled immediately (A8-1) and legacy PDCP re-establishment procedure is applied (A8-2).
=>
A9: Split bearer to Split bearer change is supported at intra-MeNB handover.
=>
A10: Split bearer is changed to MCG bearer or released at inter-MeNB handover.
=>
A11: At Split bearer to Split bearer change with MeNB handover, the PDCP PDUs stored in the PDU reordering buffer are deciphered and decompressed and kept in the PDCP, associated with COUNT (A11-1). After MeNB handover, the reordering should take into account both SDUs and PDUs (A11-2).
=>
A12: At Split bearer to MCG bearer change with MeNB handover, the PDCP PDUs stored in the PDU reordering buffer are deciphered and decompressed and kept in the PDCP, associated with COUNT (A12-1). After MeNB handover, legacy SDU reordering applies (A12-2).
=>
A13: PDCP maintains a Split bearer reordering function to reorder both SDUs and PDUs, after MCG bearer is changed to Split bearer (A13-1) and after Split bearer is changed to Split bearer (A13-2).


A1, A6 and A10 are not scope of PDCP. Only agreements highlighted with yellow color will be discussed in this e-mail discussion.
2 Discussion

2.1 Overall structure
Table 2 shows how agreements are mapped to the PDCP operations. 
<Table 2>
	
	One-shot operation
	Continuous operation

	
	Uplink
(mainly about retransmission) 
	Downlink
(w.r.t PDCP status report)
	Split bearer Reordering

after reconfiguration

	W/O Handover
	MCG to SCG
	Out of scope of the e-mail discussion (relatively obvious anyway)

	
	SCG to MCG
	

	
	SCG to SCG
	

	
	MCG to Split
	A5: No retransmission
	A4: No status report
	Start reordering 

	
	Split to MCG
	A2-3: Retx of PDCP PDUs previously txed via SCG
	A2-2: PDCP status report
	A7: Temp reordering

	
	Split to Split
	
	
	A2-1: Continue reordering

	W/ Handover
	MCG to SCG
	Out of scope of the e-mail discussion (relatively obvious anyway)

	
	SCG to MCG
	

	
	SCG to SCG
	

	
	MCG to Split
	P1: Normal PDCP re-establishment
	P1: Normal PDCP re-establishment
	P2: start reordering

	
	Split to MCG
	A8-2: Normal PDCP re-establishment
	A8-2: Normal PDCP re-establishment
A12-1: PDU processed to SDU
	A8-1: Disabled immediately

A12-2: legacy SDU reordering

	
	Split to Split
	P1: Normal PDCP re-establishment
	P1: Normal PDCP re-establishment
A11-1: PDU processed to SDU
	P2: Continue reordering

A11-2: both PDU and SDU


To have the complete picture, we also need to define PDCP operations that have been missed last meeting (highlighted with Yellow). It seems rather obvious that normal PDCP re-establishment shall take place for whatever case with handover. Whether to apply split bearer reordering or not should be linked with whether the target bearer type is split bearer or not. Based on above logics, the first proposals are to fill up currently missing UE behaviour as below.
Proposal 1: To apply normal PDCP re-establishment for ‘MCG to Split bearer reconfiguration with handover’ and ‘Split to split bearer reconfiguration with handover’.
Proposal 2: To start or continue split bearer reordering for ‘MCG to Split bearer reconfiguration with handover’ and ‘Split to split bearer reconfiguration with handover’.
Companies are invited to share their view on proposal 1 and proposal 2.

<Table A>
	Company
	Agree to proposal 1 and 2?
	Remarks

	Samsung
	Yes
	

	LG
	No
	For MCG to Split change, the UE first performs PDCP re-establishment for the MCG bearer, and then applies Split bearer opeartion. Thus, the proposals in the Table 2 seem ok.
However, for Split to Split change, we wonder how the normal PDCP re-establishment can be applied to Split bearer operation. We think the PDCP re-establishment during Split bearer operation is slight different from legacy PDCP re-establishment, e.g. processing the PDCP PDUs stored in the PDU reordering buffer. See the answer to Proposal 6.

	 Ericsson
	 Partly yes
	 We agree that normal PDCP reestablishment procedure can be reused, however with slight modification for DL, as pointed out in Table 2 (and pointed also by LG).

· For MCG bearer: need to decipher/decompress stored PDUs (A12-1)

· For Split bearer: need to decipher/decompress stored PDUs (A11-1); also mention in subclause 5.2.2.1 to use the new reordering section 5.2.1.1.x to receive PDUs due to reestablishment of lower layers (see Proposal 6).

	Huawei, HiSilicon
	No to Proposal 1;

Yes to Proposal 2. 
	Normal PDCP re-establishment can be applied for “MCG to Split bearer reconfiguration with handover”.
A new PDCP reestablishement procedure can be defined in a separate section for split bearer – see our inputs to Proposal 6. 

	Nokia Networks, Nokia Corporation
	Partly yes
	‘MCG to split and split to split bearer reconfiguration with handover’ only are possible with intra-MeNB handover according to current agreements. Split bearer handling in re-establishment requires some changes, see below answer to Proposal 6.

	Fujitsu
	No to P1
Yes to P2
	P1: For “MCG to Split bearer”, the PDCP re-establishment is slightly different from the normal PDCP re-establishment w.r.t the PDCP PDU handling. Our input is in P6 below.
P2: We agree.

	ZTE
	Partial yes to P1 and yes to P2
	“Normal” PDCP re-establishment here mainly refers to UE shall decipher and decompress stored PDCP PDUs and those from lower layer. As proposed by companies the difference for split bearer is some reordering is needed for PDCP PDUs from lower layer before they are treated.

	MediaTek
	No to P1

Yes to P2
	Similar view as LG and Huawei.

	CATT
	No
	For “split to split bearer reconfiguration with handover”, this is not normal PDCP re-establishment, as normal PDCP re-estabblishment mandates the UE to start the legacy PDCP SDU reordering according to section 5.2.2.1 and 5.1.2.1.2 in 36.323. 

For ‘MCG to Split bearer reconfiguration with handover’, the new split bearer reordering should also consider both PDU and SDU, and the legacy PDCP SDU reordering should stop while the new reordering starts.

	ETRI
	No to proposal 1

Yes to proposal2
	Normal PDCP re-establishment procedure could only be applicable to reconfiguration from MCG bearer to split bearer, which could not cover the case from split bearer to bearer. So we think that it is necessary to describe behaviour for split bearer in new section.

	Alcatel-Lucent/ Alcatel-Lucent Shanghai Bell
	Partially Yes to P1


	Split to split bearer reconfiguration with handover is only possible with intra-MeNB handover with the same SeNB before and after the handover. However it is not clear the reason for bearer type change (MCG to Split) during the HO for this case.  
How to handle the reordering for split to split reconfiguration with handover needs discussion. And the need for MCG to split bearer reconfiguration during HO requires discussion.

	NTT DOCOMO
	P1: Partially yes

P2: See the comment of P1
	P1: We wonder if “MCG to Split with HO” is supported or not, since we only agreed to support SCG change with intra-MeNB HO. For split to split bearer reconfiguration with handover, the normal re-establishment can be baseline, but some change may be needed.


	ITRI
	No
	It is not necessary to consider the cases of “MCG to MCG”, ”SCG to SCG” and “MCG to Split” bearer reconfigurations with handover. During HO procedure, the SCG is released and normal PDCP re-establishment is then performed. SCG bearer and Split bearer would become MCG bearer first and then we can just apply the PDCP operations according to the bearer reconfiguration W/O handover as introduced in the table. We also consider that the split to split bearer reconfiguration with intra-eNB handover is the special case that both MeNB and SeNB are not changed. But still, the PDCP re-establishment is performed and the reordering function continues. The only difference between split to split reconfiguration W/O and W/ handover is that W/ handover we need to reorder the PDU and SDU together in the buffer. Therefore, Proposal 1 and 2 are not needed. We just need to capture the special PDCP operations for the case of split to split reconfiguration W/ intra-eNB handover and the case of Split to MCG reconfiguration W/ handover.

	NVIDIA
	P1: No
P2: Yes
	Similar view as LG and Huawei.

	Qualcomm
	P1: Partly Yes  P2: Yes 
	 For ‘Split(Split bearer reconfiguration’, we do not agree with P1. It is better to define a new reestablishment procedure as discussed in Q6. RAN2 should clarify whether ‘MCG(Split with HO’ is supported.
 

	Intel
	Partially Yes to P1
	Agree with ALU’s view. Split to split bearer reconfiguration with handover is only possible for intra-MeNB handover for the same SeNB. MCG to split bearer reconfiguration with handover is only possible for intra-MeNB handover, however discussion is needed on why such scenario should be supported.


2.2 On split bearer reordering after reconfiguration 
It is about how to implement A2-1, A7, A8-1, A11-2, A12-2 and P2. 
A2-1 (continue reordering) and P2 (start reordering) can be captured in the general section of split bearer reordering without further update. Regarding the general section of split bearer reordering, the proposal is to take the TP from the previous e-mail discussion as the baseline.
Proposal 3: To take the TP from the previous e-mail discussion as the baseline text for the split bearer reordering operation

<Table B>
	Company
	Agree to proposal 3? 
	Remarks

	Samsung
	Yes
	As indicated in [R2-143216], the TP may not be perfect and one can consider enhancing the TP in a specific branch. However, we propose to focus on high level in the e-mail discussion and leave the details to be discussed/ enhanced with company contribution. 


	LG
	Yes
	

	Ericsson
	Yes
	 We agree to take the TP as a baseline. However, we think that for the sake of progress it could also be worthwhile to discuss the open issues regarding the details of the TP in this email discussion: 

a) Given that with P2/P3 the split bearer reordering section is used after reestablishment/handover, as explained in [R2-143436], we should thus include processing of out-of-order received PDUs before they are discarded. 

b) The condition “if the PDCP PDU has not been discarded in the above” is missing after the first high level if/else block of 5.1.2.1.x.1. This was also pointed out by other companies in email discussion before RAN2#87 meeting (R2-143216);

	Huawei, HiSilicon
	Yes
	We are fine to take the TP from the previous email discussion as baseline. But instead of being discarded, the duplicate PDU falling in the re-ordering window should replace the older one, in order to attain the new ROHC context after HO. Simply processing PDU before discarding it may not have ROHC context updated correctly, as the PDU can be received out-of-order. Hence, the 
verall sequence of PDCP operation should still be re-ordering-and then-processing, just with newly arriving PDUs replacing the older ones, if there is duplication.

	Nokia Networks, Nokia Corporation
	Yes
	As we indicated in the previous e-mail discussion round, PDCP PDUs should be deciphered and decompressed before discarding them in order to update the ROHC context.

And similarly, we think that, as in current spec, the end-part of the procedure needs to be made subject to the condition “-
if the PDCP PDU has not been discarded in the above:”. E.g., a PDU received out of window should not start the reordering timer.

	Fujitsu
	Yes
	

	ZTE
	Yes
	Agree with Nokia

	MediaTek
	Yes
	

	CATT
	Yes
	

	ETRI
	Yes
	

	Alcatel-Lucent/ Alcatel-Lucent Shanghai Bell
	Yes
	Baseline from the previous email discussion

	NTT DOCOMO
	Yes
	

	ITRI
	Yes
	

	NVIDIA
	Yes
	We agree to take the TP as a baseline and discuss further the handling of retransmitted PDUs

	Qualcomm
	Yes
	

	Intel
	Yes
	


Implementing A11-2 (PDU and SDU considered together) can be made with replacing ‘PDU’ with ‘PDU and SDU’ wherever reordering is concerned. 
Proposal 4: To update the baseline text as in table 3 so that both PDU and SDU are considered for reordering.
<Table 3>
	5.1.2.1.x
Procedures for split bearer 
5.1.2.1.x.1
  Procedures when a PDCP PDU is received from the lower layer

For split bearer as in 5.1.2.1.x.3, at reception of a PDCP Data PDU from lower layers, the UE shall:
-
if received PDCP SN – Last_Submitted_PDCP_RX_SN > Reordering_Window or 0 <= Last_Submitted_PDCP_RX_SN – received PDCP SN < Reordering_Window:
-
discard this PDCP PDU;

-
else if Next_PDCP_RX_SN – received PDCP SN > Reordering_Window:

-
increment RX_HFN by one;

-
associate COUNT based on RX_HFN and the received PDCP SN for deciphering the PDCP PDU;

-
set Next_PDCP_RX_SN to the received PDCP SN + 1;

-
else if received PDCP SN – Next_PDCP_RX_SN >= Reordering_Window:

-
associate COUNT based on RX_HFN – 1 and the received PDCP SN for deciphering the PDCP PDU;

-
else if received PDCP SN >= Next_PDCP_RX_SN:

-
associate COUNT based on RX_HFN and the received PDCP SN for deciphering the PDCP PDU;

-
set Next_PDCP_RX_SN to the received PDCP SN + 1;

-
if Next_PDCP_RX_SN is larger than Maximum_PDCP_SN:

-
set Next_PDCP_RX_SN to 0;

-
increment RX_HFN by one;

-
else if received PDCP SN < Next_PDCP_RX_SN:

-
associate COUNT based on RX_HFN and the received PDCP SN for deciphering the PDCP PDU;
-
if a PDCP PDU with the same PDCP SN is stored:
-
discard this PDCP PDU; 
-
else:

-
store the PDCP PDU;
-
if received PDCP SN = Last_Submitted_PDCP_RX_SN + 1 or received PDCP SN = Last_Submitted_PDCP_RX_SN – Maximum_PDCP_SN:
-
perform deciphering and header decompression (if configured), if have not already been performed, and deliver to upper layers in ascending order of the associated COUNT value:
-  all stored PDCP PDU(s) and SDU(s) with consecutively associated COUNT value(s) starting from the COUNT value associated with the received PDCP PDU;

-
set Last_Submitted_PDCP_RX_SN to the PDCP SN of the last PDCP SDU delivered to upper layers.
-
if reorderingTimer is running:

- if PDU with Reordering_PDCP_RX_COUNT -1 has been delivered to upper layers.
- stop and reset reorderingTimer;

-
if reorderingTimer is not running:
-
if Next_PDCP_RX_SN -  Last_Submitted_PDCP_RX_SN > 1 or 0 < Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN < Maximum_PDCP_SN:
-
start reorderingTimer.
-
set Reordering_PDCP_RX_COUNT to the COUNT value associated to RX_HFN and Next_PDCP_RX_SN.
5.1.2.1.x.2
  Procedures when reorderingTimer expires

When reorderingTimer expires, the UE shall:
-
perform deciphering and header decompression (if configured), if have not already been performed, and deliver to upper layers in ascending order of the associated COUNT value: 
-
 all stored PDCP PDU(s) and SDU(s) with an associated COUNT value less than Reordering_PDCP_RX_COUNT;
-
all stored PDCP PDU(s) and SDU(s) with consecutively associated COUNT value(s) starting from Reordeing_PDCP_RX_COUNT; 
-
set Last_Submitted_PDCP_RX_SN to the PDCP SN of the last PDCP SDU delivered to upper layers;
-
if Next_PDCP_RX_SN -  Last_Submitted_PDCP_RX_SN > 1 or 0 < Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN < Maximum_PDCP_SN:
-
start reorderingTimer.
-
set Reordering_PDCP_RX_COUNT to the COUNT value associated to RX_HFN and Next_PDCP_RX_SN.



Implementing A7 and A8-1 requires the temporary reordering to be decided first. It may not be possible to agree on anything in this stage.
Proposal 5: To delay the discussion on implementing A7 and A8-1 until ‘when to stop reordering’ upon split to MCG bearer reconfiguration without handover is agreed 

<Table C>
	Company
	Agree to proposal 4 and 5? 
	Remarks (if you have any alternative proposal, please share it with preperably complete text)

	Samsung
	Yes
	On proposal 4, 
we see any other way to capture the agreement 11-2. However, we are open to any other text if better than this.
On proposal 5, we think new section would be needed to capture agreement A7. However, it is not possible to come up with agreeable text proposal at this moment 

	LG
	No
	P4: We think “if have not already been performed” is not really needed. We want to modify the text as “all stored PDCP PDU(s) and SDU(s), if any,”.
P5: Agree.

	Ericsson
	Yes
	Proposal 4: OK

Proposal 5: OK to discuss later. 

	Huawei, HiSilicon
	Yes
	We are fine with the Proposals 4 & 5.

	Nokia Networks, Nokia Corporation
	No
	On proposal 4, we agree with the principle but the use of PDUs and SDUs should be clarified: currently the text proposes to deliver also PDCP PDUs to upper layers. Furthermore, it should also say “if a PDCP PDU with the same PDCP SN or SDU associated with the same COUNT value is stored”
On proposal 5, there is another email discussion pending covering those.

	Fujitsu
	No to P4
Yes to P5
	As for the text addition of “if have not already been performed”, we are also not sure if needed. Specifically, having the agreement in RAN2#86 meeting in mind (“Reordering --> Deciphering --> Header Decompression”), PDUs seem to be already deciphed and decompressed in the reordering buffer.

	ZTE
	No
	As for P4, the puzzling part is decipher and decompress will only be performed for stored PDCP PDUs while only PDCP SDUs will be delivered to upper layer. I guess there is no ambiguity in terms what will be delivered to upper layer considering original specficiation text. Here is our proposal for both sections:
-
perform deciphering and header decompression (if configured) for the following stored PDCP PDUs, and deliver to upper layers in ascending order of the associated COUNT value: 
And add “SDUs” as rapporteur 
As for P5, I agree with A7. But A8-1 is related to handover procedure, so I don’t think it is related to the discussion of another email discussion. Actually it is covered by discussion on P6.

	MediaTek
	Yes
	We are ok with the proposed wording.

	CATT
	Yes
	

	ETRI
	No
	Proposal 4: we have similar view on proposal 4.
Proposal 5: we agree to rapporteur’s view.

	Alcatel-Lucent/ Alcatel-Lucent Shanghai Bell
	Yes to 4 & 5
	

	NTT DOCOMO
	Yes
	

	ITRI
	No to 4

Yes to 5
	For proposal 4, we agree with LG’s modification by inserting the “SDU” in the sentences. For proposal 5, there are still several possible ways to handle the stop of reordering function. We would like to wait for the final agreement about it.

	NVIDIA
	P4:No
P5:Yes
	For proposal P4, we think clarification is needed.
As regards the latest proposal from LG:
-
perform deciphering and header decompression (if configured) if have not been performed in ascending order of the associated COUNT value:
-
all stored PDCP PDU(s) and SDU(s) with consecutively associated COUNT value(s) starting from the COUNT value associated with the received PDCP PDU;
-
deliver all resulting PDCP SDU(s) to upper layers in ascending order of the associated COUNT value:

We think it is better but we would like to propose the following minor changes:
-
perform deciphering and header decompression (if configured) if not already performed in ascending order of the associated COUNT value for:
-
all stored PDCP PDU(s) and SDU(s) with consecutively associated COUNT value(s) starting from the COUNT value associated with the received PDCP PDU;
-
deliver all resulting PDCP SDU(s) to upper layers in ascending order of the associated COUNT value;
(similar changes would apply in reordering timer expiry section)

	Qualcomm
	No to P4; 

Yes to P5
	We share similar view as Nokia on P4.

	Intel
	Yes
	


2.3 On one-shot operation after reconfiguration 
It is about how to implement A2-2, A2-3, A8-2, A11-1, A12-1 and P1.
In the current specification one-shot operations are specified in different places; PDCP re-establishment in 5.2, PDCP status report in 5.3 and PDCP PDU processing in 5.1.
For A8-2 and P1 (i.e. PDCP re-establishment upon split to MCG and split to split with HO), PDCP re-establishment is anyway requested by upper layers upon handover and no further specification update seems needed.
For PDCP PDUs to be processed to PDCP SDU upon handover (i.e. A11-1 and A12-1), 5.2.2.1 (PDCP re-establishment procedure) and 5.1.2.1.2 (DL data transfer procedure for RLC AM) should be updated. 
Proposal 6: To agree on updating 5.2.2.1 and 5.1.2.1.2 as below 
<Table 4>
	5.2.2.1
Procedures for DRBs mapped on RLC AM
When upper layers request a PDCP re-establishment, the UE shall:

-
process the PDCP Data PDUs that are stored in the PDCP or that are received from lower layers due to the re-establishment of the lower layers, as specified in the subclause 5.1.2.1.2;
-
reset the header compression protocol for downlink (if configured);
-
apply the ciphering algorithm and key provided by upper layers during the re-establishment procedure.
-
if connected as an RN, apply the integrity protection algorithm and key provided by upper layers (if configured) during the re-establishment procedure.


	5.1.2.1.2
Procedures for DRBs mapped on RLC AM
For MCG DRBs or SCG DRBs mapped on RLC AM, for a PDCP Data PDU, the UE shall:



Companies are invited to provide their view on proposal 6

<Table D>
	Company
	Agree to proposal 6? 
	Remarks (if you have any alternative proposal, please share it with preperably complete text)

	Samsung
	Yes
	Open for any better text…  

	LG
	No
	5.2.2.1 We prefer to have a new section for Split Bearer PDCP re-establishment procedure.
5.1.2.1.2 We prefer not to change the original text, which handles PDCP PDUs received from lower layers. The new section for Split Bearer PDCP re-establishment may cover the handling of the PDCP Data PDUs stored in the PDU reordering buffer.
For example,
5.2.2.1a
Procedures for DRBs mapped on RLC AM for Split Bearer
When upper layers request a PDCP re-establishment, the UE shall:

-
process the PDCP Data PDUs that are received from lower layers due to the re-establishment/release of the lower layers, as specified in the subclause 5.1.2.1.X.1;
-
expire the reordering timer, process the PDCP Data PDUs stored in the reordering buffer, and store the PDCP SDUs in the reordering buffer;
-
reset the header compression protocol for downlink (if configured);
-
apply the ciphering algorithm and key provided by upper layers during the re-establishment procedure.


	Ericsson
	No
	We don’t think that a separate new section for split bearer PDCP re-establishment is needed. Considering the agreements A11-1 and A12-2, the section 5.2.2.1 could be reused for both DRBs and split beares mapped on RLC AM. But we need to decipher and decompress the PDCP PDUs in the reordering buffer. Thus Samsung proposal could be modified as follows:

When upper layers request a PDCP re-establishment, the UE shall:
-
for MCG  and SCG DRBs, process the PDCP Data PDUs that are stored in PDCP (A12-1) or that are received from lower layers due to the re-establishment of the lower layers, as specified in the subclause 5.1.2.1.2;
-
for split bearers, decipher and decompress the PDCP Data PDUs that are stored in the reordering buffer, store the PDCP SDUs in the reordering buffer (A11-1). Process PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers, as specified in subclause 5.1.2.X.1; (A11-2)
-
reset the header compression protocol for downlink (if configured);
-
apply the ciphering algorithm and key provided by upper layers during the re-establishment procedure.
-
if connected as an RN, apply the integrity protection algorithm and key provided by upper layers (if configured) during the re-establishment procedure.

	Huawei, HiSilicon
	No
	As for PDCP re-establishment, a new section would be better for split bearer as
“5.2.2.1a
Procedures for DRBs mapped on more than 1 RLC AM entities
When upper layers request a PDCP re-establishment, the UE shall:

-
process the PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers, as specified in the subclause 5.1.2.X.1;
-    decipher and decompress the PDCP data PDUs stored in the reordering buffer, if any, and store the PDCP SDUs in the reordering buffer; 
-
reset the header compression protocol for downlink (if configured);
-
apply the ciphering algorithm and key provided by upper layers during the re-establishment procedure.”
Please note that processing the PDCP PDU from lower layers due to re-establishement of the lower layers should be carried out before deciphering and decompressing the remaining PDCP PDUs in reordering buffer.
For 5.1.2.1.2, would it be more concise to just change the title to “Procedures for DRBs mapped on 1 RLC AM”?

	Nokia Networks, Nokia Corporation
	No
	Although we think that it is possible to update 5.2.2.1, we prefer for clarity a separate section. The text proposed by Huawei can be taken as baseline. We agree that header decompression should be performed after the PDCP PDUs from lower layers due to re-establishment have been processed. Furthermore, we think that the reordering timer should be stopped and reset.

	Fujitsu
	No
	We also think that having a new section for PDUs in the reordering buffer is better for clarity. We prefer the section title “Procedures for DRBs mapped on RLC AM for Split Bearer” as proposed by LG.

	ZTE
	No
	Agree with Nokia on section 5.2.2.1. as for section 5.1.2.1.2 I agree with Huawei, but further change it as following:
“Procedure for MCG or SCG DRBs mapped on RLC AM entity”

	MediaTek
	No
	We support to have a new section for split bearer re-establishment.

Huawei’s proposal can be used as baseline. We also agree with Nokia on the maintenance of the reordering timer.

	CATT
	No
	In Section 5.2.2.1, the UE behaviour will follow “5.1.2.1.2”. Then P1 will trigger the legacy PDCP SDU reordering. Reusing the legacy PDCP re-establishment text will not work. We’d better to create a new section.

	ETRI
	No 
	Regarding 5.2.2.1, we prefer to introduce new section for split bearer PDCP-reestablishment.  And we also think that deciphering/decompressing of PDCP PDU is required and reordering timer also is managed. We therefore prefer the text proposal proposed by Huawei as a baseline.

	Alcatel-Lucent/ Alcatel-Lucent Shanghai Bell
	No
	Having a new section for split bearer handling is our preference

	NTT DOCOMO
	No
	Since the PDCP re-establishement for Split bearer differs from the legacy, it may be benfeficial to create the new section.

	ITRI
	No
	For Split bearer, it is better to have a new section for Split Bearer PDCP re-establishment procedure to introduce the new PDCP operations for the case of split to split reconfiguration W/ intra-eNB handover and the case of Split to MCG reconfiguration W/ handover.

	NVIDIA
	No
	We agree with LG or Huawei proposal as a baseline.

	Qualcomm
	No
	Since there are a fair amount of differences compared to legacy bearer reestablishment, we prefer a separate section to handle the split bearers.

	Intel
	No 
	Our preference is to create a new section for split bearer reconfiguration.


For A2-2 and A2-3 (i.e. partial PDCP re-establishment upon split to MCG or split to split reconfiguration), creating new section might be required. There would be two alternatives:
Option 1: Introducing PDCP re-establishment procedure in 36.323 and specifying in 36.331 that it is invoked when split to MCG or split to split reconfiguration without HO occur  
Option 2: Specifying in new section that specific actions are taken when split to MCG or split to split reconfiguration occurs withtout HO  
In the current specification, the relevant operations (i.e. compiling PDCP status report, receiving PDCP status report and retransmission) are scattered in different sections. There seems no reason to have multiple sub-sections in this case. The text proposals for option 1 and 2 shown in table 5 and table 6 take them in one section.  
Table 5: Option 1 
	5.X
Patial re-establishment procedure 
When upper layers request partial re-establishment, UE shall:
-
if the radio bearer is configured by upper layers to send a PDCP status report in the uplink (statusReportRequired [3]), compile a status report after receiving PDCP Data PDUs that are received from lower layers due to the re-esblishment of the lower layers or the release of the lower layer, and submit it to lower layer as the first PDCP PDU for the transmission, by:
-
setting the FMS field to the PDCP SN of the first missing PDCP PDU;
-
if there is at least one out-of-sequence PDCP PDU, allocating a Bitmap field of length in bits equal to the number of PDCP SNs from and not including the first missing PDCP PDU up to and including the last out-of-sequence PDCP PDU, rounded up to the next multiple of 8;
-
setting as ‘0’ in the corresponding position in the bitmap field of all PDCP PDUs that have not been received as indicated by lower layers;
-
indicating in the bitmap field as ‘1’ for all other PDCP PDUs or SDUs  
-
perform retransmission or transmission of all the PDCP PDUs in ascending order of the associated COUNT values from the first PDCP PDU for which the successful delivery has not been confirmed by lower layers of SCG,: 
-
when a PDCP status report is received in the downlink for the radio bearer;
-
for each PDCP PDU, if any, with the bit in the bitmap set to ‘1’, or with the associated COUNT value less than the COUNT value of the PDCP PDU identified by the FMS field, the successful delivery of the corresponding PDCP PDU is confirmed, and UE shall discard the PDCP PDU along with the corresponding PDCP SDU.


Table 6: Option 2
	5.X
Procedure for split bearer reconfiguration 
When upper layers indicate bearer reconfiguration from split bearer to either split bearer or MCG bearer without PDCP re-establishment, UE shall:
-
if the radio bearer is configured by upper layers to send a PDCP status report in the uplink (statusReportRequired [3]), compile a status report after receiving PDCP Data PDUs that are received from lower layers due to the re-esblishment of the lower layers or the release of the lower layer, and submit it to lower layer as the first PDCP PDU for the transmission, by:
-
setting the FMS field to the PDCP SN of the first missing PDCP PDU;
-
if there is at least one out-of-sequence PDCP PDU, allocating a Bitmap field of length in bits equal to the number of PDCP SNs from and not including the first missing PDCP PDU up to and including the last out-of-sequence PDCP PDU, rounded up to the next multiple of 8;
-
setting as ‘0’ in the corresponding position in the bitmap field of all PDCP PDUs that have not been received as indicated by lower layers;
-
indicating in the bitmap field as ‘1’ for all other PDCP PDUs or SDUs  
-
perform retransmission or transmission of all the PDCP PDUs in ascending order of the associated COUNT values from the first PDCP PDU for which the successful delivery has not been confirmed by lower layers of SCG,: 
-
when a PDCP status report is received in the downlink for the radio bearer;
-
for each PDCP PDU, if any, with the bit in the bitmap set to ‘1’, or with the associated COUNT value less than the COUNT value of the PDCP PDU identified by the FMS field, the successful delivery of the corresponding PDCP PDU is confirmed, and UE shall discard the PDCP PDU along with the corresponding PDCP SDU.


* Only difference between option 1 and option 2 are title and header field. All other details are same.
Companies are invited to provide their view on text proposal and option. 
<Table E>
	Company
	Which option
	Remarks (if you have any alternative proposal, please share it with preperably complete text)

	Samsung
	Option 1
	It is strange to list the type of bearer reconfiguration in PDCP. 

	LG
	Option 1 like approach
	However, we don’t want to use “Partial PDCP Re-establishment” terminology because there is no security key change and no header compression reset. Other terminology is preferable, e.g. “Reset Split Bearer Operation”. The only thing the PDCP shall do is UL retransmission and PDCP status reporting.

	Ericsson
	Option 1 like approach
	We agree that an Option1-like approach should be used, i.e. the logic to distinguish if normal or partial reestablishment is used should reside in RRC.
The content of this new partial PDCP reestablishment procedure should however not consider PDCP status report transmission or reception, but instead parts of the UL retransmission behaviour from 5.2.1.1. Thus we propose: 

a) Remove all PDCP status report sections from partial reestablishment procedure. Instead 5.3 PDCP Status Report could consider partial reestablishment as well, e.g:

5.3.1: When upper layers request a PDCP re-establishment or partial re-establishment, for radio bearers and split bearers that are mapped on RLC AM, the UE shall: …
5.3.2: When a PDCP status report is received in the downlink, for radio bearers or split bearers that are mapped on RLC AM: …
b) Formulation of UL retransmission behaviour in 5.2.1.1 can be reused. Thus consider including the following text in new partial reestablishment procedure:

-
from the first PDCP SDU for which the successful delivery of the corresponding PDCP PDU has not been confirmed by lower layer associated with the SCG, perform retransmission or transmission of all the PDCP SDUs already associated with PDCP SNs in ascending order of the COUNT values associated to the PDCP SDU prior to the PDCP re-establishment as specified below: 
-
perform header compression of the PDCP SDU (if configured) as specified in the subclause 5.5.4;

-
if connected as an RN, perform integrity protection (if configured) of the PDCP SDU using the COUNT value associated with this PDCP SDU as specified in the subclause 5.7;

-
perform ciphering of the PDCP SDU using the COUNT value associated with this PDCP SDU as specified in the subclause 5.6;

-
submit the resulting PDCP Data PDU to lower layer.

	Huawei, HiSilicon
	Option 1 like approach
	We agree that it should be specified in RRC which procedure is invoked to handle PDCP operation for split to MCG and split to split reconfiguration without HO.
But we think the changes to PDCP can be much reduced and made more generic if new procedure is added only for UL retransmission without PDCP re-establishment. An example change would be:

“5.1.1.1
UL retransmission during an RLC re-establishement or release
Perform retransmission or transmission of all the PDCP PDUs, which were transmitted on the involved RLC before re-establishement or release, in ascending order of the associated COUNT values from the first PDCP PDU for which the successful delivery has not been confirmed.
5.3
PDCP Status Report
5.3.1
Transmit operation
When upper layers request a PDCP re-establishment or an RLC re-establishement or release, for radio bearers that are mapped on RLC AM, the UE shall:
 …”
Then RRC can just refer to the procedures in 5.1.1.1 and 5.3.1 when split to MCG and split to split reconfiguration is performed.

	Nokia Networks, Nokia Corporation
	Option 1 like approach
	We agree with Ericsson and Huawei that RRC spec should tell which kind of re-establishment is applied, full or partial.
Similar to Ericsson and Huawei, we propose to implement PDCP status report transmission into section 5.3.1 and reuse section 5.3.2 for status report reception.
For the UL data (re)transmission part, it can be implemented into new section specific to the partial re-establishment with:

-
perform retransmission or transmission of all the PDCP PDUs previously submitted for transmission via SCG in ascending order of the associated COUNT values from the first PDCP PDU for which the successful delivery has not been confirmed by lower layers ;

	Fujitsu
	Option 1 like approach
	We also don’t want to use “Partial PDCP Re-establishment”. Given this section is placed in 5.X in TS36.323, another section title for example “Bearer type change procedures for split bearer” could be cousidered. Then, our proposal is described below.
5.X
Beare type change procedure for split bearers
(omit)
[UL Retransmission]
-
[Baseline as in Samsung] perform retransmission or transmission of all the PDCP PDUs in ascending order of the associated COUNT values from the first PDCP PDU for which the successful delivery has not been confirmed by lower layers of SCG,:
[PDCP status report]
-
when upper layers request a bearer type change procedure for split bearers that are mapped on RLC AM, the UE shall: …
-
perform PDCP status report as specified in the subclause 5.3.1.
-
when a PDCP status report is received in the downlink for the radio bearer;
-
perform PDCP status report as specified in the subcluase 5.3.2.
5.3.1
Transmit operation
When upper layers request a PDCP re-establishment or a bearer type change procedure, for radio bearers or split bearers that are mapped on RLC AM, the UE shall:

5.3.2
Receive operation
When a PDCP status report is received in the downlink, for radio bearers or split bearers that are mapped on RLC AM:

	ZTE
	Option 1 like approach
	In general agree with Huawei,E/// and Nokia. As for the UL retransmission, I believe there text is better put under section 5.2.1.1 e.g. as 5.2.1.1a and content could be :
5.1.1.1
UL retransmission during an RLC re-establishement or release

Perform transmission of all the PDCP PDUs in ascending order of the associated COUNT values from the first PDCP PDU for which previously has been submitted for transmission via SCG and the successful delivery has not been confirmed.
As for status report, I also agree to incorporate it within section 5.3.1 to avoid unnecessary redundancy.  The detail text can be discussed during next meeting.
For DL status report for uplink bearer, I guess current 5.3.2 can be reused.

	MediaTek
	Option 1 approach
	We support LG with not using “partial re-establishment”, in RRC, we can use “reset PDCP for all split bearers that are established.” to invoke the new PDCP procedure.

Similar view as Ericsson, Huawei, and Nokia, we think the simpliest approach is to modify 5.3.1 and 5.3.2 for status report. And add UL retx to the new section.

	CATT
	Option 1
	We should clarify the trigger conditions for partial reestablishement in 36.331.

	ETRI
	Option 1 like approach
	We agree with Ericsson and Huawei’s approach that RRC could invoke to handle PDCP operation for bearer reconfiguration such as from split to MCG or from split to split without MeNB HO. 

For PDCP status report implementation, we think section 5.3.1 and section 5.3.2 could be reused with some modification, which approach is similar to the Ericsson, Huawei, and Nokia’s view. 

For UL data retransmission, we think text for UL retransmission should be included in a new section for partial reestablishment procedure. 

	Alcatel-Lucent Shanghai Bell
	
	If we have a separate section for split bearer handling, bearer type change could also be considered within the same section under another sub-heading. 

	NTT DOCOMO
	Option1
	We prefer that RRC indicates when to perform partial PDCP re-establishment and we are open to re-name it.

	ITRI
	Option 1 like approach 
	But, we wonder that whether “partial re-establishment procedure” is suitable here considering that almost all the critical PDCP operations in the normal PDCP re-establishment procedure are not applied. It seems more related to the split bearer reconfiguration. Therefore, it is better to have a new section for bearer type change procedure for split bearers as Fujitus suggested.

	NVIDIA
	Option 1 like approach
	We think that the new procedure is effectively a “partial” re-establishment procedure. To be consistent, it should be defined in PDCP and invoked by RRC. We are fine with choosing a different name (such as PDCP reset), however we prefer it to be agnostic to the bearer type. Even though it is plan to be used only for split bearer, the procedure itself is generic being just a subset of re-establishment.
Regarding PDCP status report, we think section 5.3.1 and section 5.3.2 could be reused with some modifications as suggested by other companies. 



	Qualcomm
	Option 1-like
	The procedure should be invoked by RRC. We agree that ‘Partial reestablishment’ terminology should not be used. Instead ‘Split bearer type change’ could be used. The proposals from Ericsson, Huawei and Nokia to only include the UL retransmissions in the new section and keep the PDCP Status procedures in 5.3.1 and 5.3.2 are fine. 

	Intel
	Option 1
	We agree with Ericsson and Huawei’s approach to handle PDCP status report and UL transmissions in existing sections.


3 Conclusion
11 companies share their views. Not surprisingly, unanimous consensus is not reached. However there seem sufficient majority views on some topics. Table below summarize the possible outcome of this e-mail discussion.

	
	One-shot operation
	Continuous operation

	
	Uplink (mainly on

 retransmission) 
	Downlink
(w.r.t PDCP status report)
	Split bearer Reordering

after reconfiguration

	W/O Handover
	MCG to Split
	A5: No retransmission
No impact
	A4: No status report
No impact
	Start reordering 
Already in 5.1.2.1.x.1

	
	Split to MCG
	A2-3: Retx of PDCP PDUs previously txed via SCG, A2-2: PDCP status report
Create 5. 1.1a for UL retransmission

Update 5.3. for PDCP status report
	A7: Temp reordering
Not discussed

	
	Split to Split
	
	A2-1: Continue reordering
Already in 5.1.2.1.x.1

	W/ Handover
	MCG to Split
	P1: Normal PDCP re-establishment

No impact
	P2: start reordering
No impact

	
	Split to MCG
	A8-2: Normal PDCP re-establishment

NO impact
A12-1: PDU processed to SDU
Create 5.2.2.1a Procedures for DRBs mapped on RLC AM for Split bearer
	A8-1: Disabled immediately
Not discussed
A12-2: legacy SDU reordering
Not discussed

	
	Split to Split
	A11-1: PDU processed to SDU; A11-2: both PDU and SDU
Create 5.2.2.1a Procedures for DRBs mapped on RLC AM for Split bearer

Update  5.1.2.1.x.1 for A11-2  


Due to its own complexity and diverse opinions, the proposed text proposal in the Annex may not be entirely fit with each companies view. It should be noted that the WI shall be completed this December, which is compelling us to compromise.
It should also be noted that following issues were raised during the e-mail discussion but haven’t been discussed due to lack of time.

· Whether out-of-ordered received PDCP PDU should be discarded silently or discarded after being processed.
· Whether duplicate PDU falling in the re-ordering window should replace the older one
Above can be discussed based on company contributions.

The text proposal aiming to reflect the companies comment as much as possible is presented in the Annex. Companies would have different tastes on the actual text. The proposal is to endorse TP in the Annex as the baseline and refine it offline if needed. 
During the discussion on the text proposal, consensus was not made w.r.t the name of new procedure (previously proposed as partial re-establishment). Followings are on the table.
· Partial re-establishment

· PDCP reset

· Split Bearer Reconfiguration

· RLC/MAC reestablishment without handover

It is proposed to choose one of them based on the majority preference.

Annex. Text Proposal 

For readability, all the sections are quoted at least with their title
5
PDCP procedures

5.1
PDCP Data Transfer Procedures

5.1.1
UL Data Transfer Procedures

<Omitted>
5.1.1a
UL Data Retransmission Procedures upon [TBD;proposed to decide during the meeting] 
When upper layers requests [TBD] for a radio bearer, for the radio bearer, the UE shall:
-
perform retransmission or transmission of all the PDCP PDUs previously submitted to re-established/released AM RLC entity in ascending order of the associated COUNT values from the first PDCP PDU for which the successful delivery has not been confirmed by lower layers. 
5.1.2
DL Data Transfer Procedures

5.1.2.1
Procedures for DRBs

5.1.2.1.1
Void

5.1.2.1.2
Procedures for DRBs mapped on RLC AM
<Omitted>
5.1.2.1.2a
RN procedures for DRBs mapped on RLC AM
<Omitted>

5.1.2.1.3
Procedures for DRBs mapped on RLC UM

<Omitted>

5.1.2.1.3a
RN procedures for DRBs mapped on RLC UM
<Omitted>

5.1.2.1.X
Procedures for split bearer 
5.1.2.1.X.1
  Procedures when a PDCP PDU is received from the lower layer

For split bearer, at reception of a PDCP Data PDU from lower layers, the UE shall:
-
if received PDCP SN – Last_Submitted_PDCP_RX_SN > Reordering_Window or 0 <= Last_Submitted_PDCP_RX_SN – received PDCP SN < Reordering_Window:
-
discard this PDCP PDU;

-
else if Next_PDCP_RX_SN – received PDCP SN > Reordering_Window:

-
increment RX_HFN by one;

-
associate COUNT based on RX_HFN and the received PDCP SN for deciphering the PDCP PDU;

-
set Next_PDCP_RX_SN to the received PDCP SN + 1;

-
else if received PDCP SN – Next_PDCP_RX_SN >= Reordering_Window:

-
associate COUNT based on RX_HFN – 1 and the received PDCP SN for deciphering the PDCP PDU;

-
else if received PDCP SN >= Next_PDCP_RX_SN:

-
associate COUNT based on RX_HFN and the received PDCP SN for deciphering the PDCP PDU;

-
set Next_PDCP_RX_SN to the received PDCP SN + 1;

-
if Next_PDCP_RX_SN is larger than Maximum_PDCP_SN:

-
set Next_PDCP_RX_SN to 0;

-
increment RX_HFN by one;

-
else if received PDCP SN < Next_PDCP_RX_SN:

-
associate COUNT based on RX_HFN and the received PDCP SN for deciphering the PDCP PDU;
-
if the PDCP PDU has not been discarded in the above: 
-
if a PDCP PDU or SDU with the same PDCP SN  is stored:
-
discard this PDCP PDU; 
-
else:

-
store the PDCP PDU;
-
if received PDCP SN = Last_Submitted_PDCP_RX_SN + 1 or received PDCP SN = Last_Submitted_PDCP_RX_SN – Maximum_PDCP_SN:
-
perform deciphering and header decompression (if configured) if have not been performedin ascending order of the associated COUNT value:
-
all stored PDCP PDU(s) and SDU(s) with consecutively associated COUNT value(s) starting from the COUNT value associated with the received PDCP PDU;
-
deliver all resulting PDCP SDU(s) to upper layers in ascending order of the associated COUNT value:


-
set Last_Submitted_PDCP_RX_SN to the PDCP SN of the last PDCP SDU delivered to upper layers.
-
if reorderingTimer is running:

-
if PDU with Reordering_PDCP_RX_COUNT -1 has been delivered to upper layers.
-
stop and reset reorderingTimer;

-
if reorderingTimer is not running:
-
if Next_PDCP_RX_SN -  Last_Submitted_PDCP_RX_SN > 1 or 0 < Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN < Maximum_PDCP_SN:
-
start reorderingTimer.
-
set Reordering_PDCP_RX_COUNT to the COUNT value associated to RX_HFN and Next_PDCP_RX_SN.
5.1.2.1.X.2
  Procedures when reorderingTimer expires

When reorderingTimer expires, the UE shall:
-
perform deciphering and header decompression (if configured) if have not been performed in ascending order of the associated COUNT value: 
-
all stored PDCP PDU(s) and SDU(s) with an associated COUNT value(s) less than Reordering_PDCP_RX_COUNT;
-
all stored PDCP PDU(s) and SDU(s) with consecutively associated COUNT value(s) starting from Reordeing_PDCP_RX_COUNT; 
-
deliver all resulting PDCP SDU(s) to upper layers in ascending order of the associated COUNT value:



-
set Last_Submitted_PDCP_RX_SN to the PDCP SN of the last PDCP SDU delivered to upper layers;
-
if Next_PDCP_RX_SN -  Last_Submitted_PDCP_RX_SN > 1 or 0 < Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN < Maximum_PDCP_SN:
-
start reorderingTimer.
-
set Reordering_PDCP_RX_COUNT to the COUNT value associated to RX_HFN and Next_PDCP_RX_SN.
5.1.2.2
Procedures for SRBs

<Omitted>

5.2
Re-establishment procedure
<Omitted>

5.2.1
UL Data Transfer Procedures

<Omitted>

5.2.2
DL Data Transfer Procedures
5.2.2.1
Procedures for DRBs mapped on RLC AM for the MCG bearer or the SCG bearer
When upper layers request a PDCP re-establishment, the UE shall:

-
process the PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers, as specified in the subclause 5.1.2.1.2;

-
reset the header compression protocol for downlink and start with NC state in U-mode (if configured) [9] [11];
-
apply the ciphering algorithm and key provided by upper layers during the re-establishment procedure.
-
if connected as an RN, apply the integrity protection algorithm and key provided by upper layers (if configured) during the re-establishment procedure.

5.2.2.1a
Procedures for DRBs mapped on RLC AM for the split bearer
When upper layers request a PDCP re-establishment, the UE shall:
-
process the PDCP Data PDUs that are received from lower layers due to the re-establishment/release of the lower layers, as specified in the subclause 5.1.2.1.X.1;
-
stop and reset the reordering timer;

-
decipher and decompress the PDCP data PDUs stored in the reordering buffer, and store the resulting PDCP SDUs in the reordering buffer;
-
reset the header compression protocol for downlink and start with NC state in U-mode (if configured) [9][11];
-
apply the ciphering algorithm and key provided by upper layers during the re-establishment procedure.
5.2.2.2
Procedures for DRBs mapped on RLC UM

<Omitted>
5.2.2.3
Procedures for SRBs

<Omitted>
5.3
PDCP Status Report

5.3.1
Transmit operation

When upper layers request a PDCP re-establishment, for radio bearers that are mapped on RLC AM, or when upper layers requests  [TBD] for a radio bearer, for the radio bearer, the UE shall:

-
if the radio bearer is configured by upper layers to send a PDCP status report in the uplink (statusReportRequired [3]), compile a status report as indicated below after processing the PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers as specified in the subclause 5.2.2.1, and submit it to lower layers as the first PDCP PDU for the transmission, by:

-
setting the FMS field to the PDCP SN of the first missing PDCP SDU;

-
if there is at least one out-of-sequence PDCP SDU stored, allocating a Bitmap field of length in bits equal to the number of PDCP SNs from and not including the first missing PDCP SDU up to and including the last out-of-sequence PDCP SDUs, rounded up to the next multiple of 8;

-
setting as ‘0’ in the corresponding position in the bitmap field for all PDCP SDUs that have not been received as indicated by lower layers, and optionally PDCP SDUs for which decompression have failed;

-
indicating in the bitmap field as ‘1’ for all other PDCP SDUs. 
NOTE: 
Status report due to request of [TBD] also includes status of PDCP PDU (if any).
5.3.2
Receive operation
<Omitted>
5.4
PDCP discard

<Omitted>

5.5
Header Compression and Decompression

<Omitted>
5.6
Ciphering and Deciphering

<Omitted>
5.7
Integrity Protection and Verification

<Omitted>
5.8
Handling of unknown, unforeseen and erroneous protocol data

<Omitted>
