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Discussion and Decision

1
Introduction
We are discussing in this paper remaining issues with the draft PDCP CR for DC.

2
UL issue

2.1
Data available for transmission 
We still think that the usage of ul-DataPath is not clear. We would like to suggest something explicit that leaves no room to misinterpretation in section 4.5:

	For split bearers, when indicating the data available for transmission to the MAC layer, the UE shall:
-
 if ul-DataPath is set by higher layer [3]:

-
 indicate the data available for transmission to the SCG MAC layer only;
-
else indicate the data available for transmission to the MCG MAC layer.



Proposal 1: The use of the variable ul-DataPath is clarified for the data available for transmission

2.2
Routing 
We think that the specifications should be fully descriptive of UE actions.  

It is not clear how routing is performed and how ul-DataPath is used. In our opinion, because any implementation will have to do it anyway, wherever we currently have “submit the resulting PDCP Data PDU to lower layer”, ul-DataPath should be used to route the PDU towards the correct CG (see e.g. R2-144105 [1] ).
Proposal 2: When PDU are submitted to lower layers, it should be clarified to which CG, according to ul-DataPath
3
Editorial 

3.1
Hanging paragraph

In the draft CR provided during email discussion 87bis#14, a paragraph is still "hanging", just after the title "5.1.2.1.4".

However 3GPP drafting rules [2] stipulate that:

	"Hanging paragraphs" such as those shown in the following example should be avoided since reference to them is ambiguous.

EXAMPLE:
In the following example, the hanging paragraphs indicated cannot be uniquely identified as being in "clause 5" since strictly speaking the paragraphs in 5.1 and 5.2 are also in clause 5. To avoid this problem it would be necessary either to identify the unnumbered paragraphs as subclause "5.1 Xxxxxxxxxxxx" and to renumber the existing 5.1 and 5.2 accordingly (as shown), or to move the hanging paragraphs elsewhere.

Recommended

Not recommended

5
Designation

5.1

Xxxxxxxxxxx

xxxxxxx x    xxxxxxxxxxxxx  xxxxxxxxxxxxxxxxx

xxxxxxx x    xxxxxxxxxxxxx  xxxxxxxxxxxxxxxxx

5.2

Xxxxxxxxxxx

xxxxxxx x    xxxxxxxxxxxxx  xxxxxxxxxxxxxxxxx

5.3

Xxxxxxxxxxx

xxxxxxx x    xxxxxxxxxxxxx  xxxxxxxxxxxxxxxxx

xxxxxxxxxxxx xxxxxxxxxxxxx

6
Test report
5
Designation
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xxxxxxx x    xxxxxxxxxxxxx   }
hanging paragraphs
xxxxxxx x    xxxxxxxxxxxxx   }
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Xxxxxxxxxxx 
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Xxxxxxxxxxx
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Test report



Thus we think that they should be avoided in PDCP specifications.

Proposal 3: Hanging paragraph should be avoided in the PDCP specification and a new section should be dedicated to the new paragraph.
4
Formula

4.1
Background
The condition for the trigger of the re-ordering timer in the case where re-ordering is performed has been discussed.

The first proposal, in email discussion [86#30] was:

-
if at least one PDCP PDU remain stored in the reordering buffer and reorderingTimer is not running:
Then, it was proposed to have the following formula during email discussion:

Next_PDCP_RX_SN – Last_Submitted_PDCP_RX_SN > 1 or 0 <Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN < Maximum_PDCP_SN
This formula was agreed during the email discussion ([3]) and also added in the draft running PDCP CR [4]
During RAN2#87bis meeting, a contribution [5] said that there was a need to change the formula, and it was decided during RAN2#87bis to use the following one:
Reordering_Window > Next_PDCP_RX_SN – Last_Submitted_PDCP_RX_SN > 1 or Reordering_Window < Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN < Maximum_PDCP_SN 
We note that the document says that:
	One issue was brought up for Split bearer reordering procedure [1] about the formula for “at least one PDCP PDU remain stored in the reordering buffer”. The document proposes correct formula for the addressed condition.


This shows that the goal is still to check if a PDU(or SDU) is stored in the buffer.

However, the formulas in (2) were not carefully checked and they are not technically correct.

4.2
Why are the formulas (2) not technically correct?
Let us look at the initial condition checked at reception of PDCP PDU:

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 the PDCP PDU;
Observation 1:
The highest-numbered received PDU that can still be stored has 
SN = Last_Submitted_PDCP_RX_SN + Reordering_Window, which results in setting
Next_PDCP_RX_SN =  Last_Submitted_PDCP_RX_SN + Reordering_Window + 1.

This case is a counter example to both the newly agreed inequalities, as discussed further below.

Case 1: Last_Submitted_PDCP_RX_SN + Reordering_Window + 1 <= Maximum_PDCP_SN
Observation 2: 
The underlined case of Observation 1 directly yields 
Next_PDCP_RX_SN -  Last_Submitted_PDCP_RX_SN = Reordering_Window + 1, which does not satisfy the yellow part in (2)
Case 2: Last_Submitted_PDCP_RX_SN + Reordering_Window + 1 > Maximum_PDCP_SN (wrap around)
By Observation 1, Next_PDCP_RX_SN can be up to Reordering_Window + 1 ahead of Last_Submitted_PDCP_RX_SN. In the case where this is past SN wraparound, the actual SN value of Next_PDCP_RX_SN is (Last_Submitted_PDCP_RX_SN + Reordering_Window + 1) - 2* Reordering_Window, yielding:




Next_PDCP_RX_SN =  Last_Submitted_PDCP_RX_SN - Reordering_Window + 1
(

Last_Submitted_PDCP_RX_SN - Next_PDCP_RX_SN = Reordering_Window – 1.
Observation 3: 
We may have Last_Submitted_PDCP_RX_SN - Next_PDCP_RX_SN = Reordering_Window – 1, which does not satisfy the green part in (2).

4.3
Concrete Examples

Let's illustrate with concrete examples. To keep it simple lets note:

	Reordering_Window = RW

Last_Submitted_PDCP_RX_SN = LAST

received PDCP SN = PDU

Next_PDCP_RX_SN = NEXT


As a first example:

RW=2048
LAST=0

PDU = 2048

The Received PDU is still "In Window" because it does not satisfy PDU> LAST + RW or LAST-RW<PDU<=LAST” i.e. PDU>2048 or -2048<PDU<=0 
This mean that the PDU is not discarded and thus NEXT=PDU+1=2049.

If we apply this to the formula (2):
Reordering_Window > Next_PDCP_RX_SN – Last_Submitted_PDCP_RX_SN > 1 becomes: “2048>2049-0>1”, this shows that the formula (2) is not correct.
As a second example:

RW=2048
LAST=4000

PDU = 1952 (= LAST – RW)

The Received PDU is still "In Window" because it does not satisfies PDU> LAST + RW or LAST-RW<PDU<=LAST” i.e. " PDU>6048 or 1952 <PDU<=4000.
This mean that the PDU is not discarded and thus NEXT=PDU+1=1953
If we apply this to the formula (2):

Reordering_Window < Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN < Maximum_PDCP_SN becomes:

"2048<4000-1953=2047<4095" this shows that the formula (2) is not correct.

4.4
Proposal
In the latest draft running PDCP CR, it is has been proposed to reverse the decision and use the text:

-
if there is at least one stored PDCP PDU(s) or PDCP SDU(s):
We prefer to have a formula as agreed previously to check if there is a PDU or a SDU in the buffer. We also prefer a formula that is technically correct in the specification and thus we suggest:

Proposal 4: The following formula is used to check the presence of PDU/SDU in the buffer to the start of re-ordering timer. Next_PDCP_RX_SN – Last_Submitted_PDCP_RX_SN > 1 or 0 <Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN < Maximum_PDCP_SN

5
ROHC handling

We agreed during last meeting that for Rel-12, ROHC is not configured for split bearer. As a consequence, the header decompression should be removed from the handling of PDU in 5.1.2.1.4.1

Proposal 5: The handling of compressed PDU is removed from the specification for split bearers
6
Conclusion

We made the following proposals and provided a Text Proposal below.
Proposal 1: The use of the variable ul-DataPath is clarified for the data available for transmission

Proposal 2: When PDU are submitted to lower layers, it should be clarified to which CG, according to ul-DataPath
Proposal 3: Hanging paragraph should be avoided in the PDCP specification and a new section should be dedicated to the new paragraph.
Proposal 4: The following formula is used to check the presence of PDU/SDU in the buffer to the start of re-ordering timer. Next_PDCP_RX_SN – Last_Submitted_PDCP_RX_SN > 1 or 0 <Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN < Maximum_PDCP_SN

Proposal 5: The handling of compressed PDU is removed from the specification for split bearers

Beginning of Text Proposal

[The changes to the current running CR are shown in Yellow]
4.5
Data available for transmission
For the purpose of MAC buffer status reporting, the UE shall consider PDCP Control PDUs, as well as the following as data available for transmission in the PDCP layer:

For SDUs for which no PDU has been submitted to lower layers:

· the SDU itself, if the SDU has not yet been processed by PDCP, or

· the PDU if the SDU has been processed by PDCP.

In addition, for radio bearers that are mapped on RLC AM, if the PDCP entity has previously performed the re-establishment procedure, the UE shall also consider the following as data available for transmission in the PDCP layer:

For SDUs for which a corresponding PDU has only been submitted to lower layers prior to the PDCP re-establishment, starting from the first SDU for which the delivery of the corresponding PDUs has not been confirmed by the lower layer, except the SDUs which are indicated as successfully delivered by the PDCP status report, if received:
· the SDU, if it has not yet been processed by PDCP, or

· the PDU once it has been processed by PDCP.

For split bearers, when indicating the data available for transmission to the MAC layer, the UE shall:
-
if ul-DataPath is set by higher layer [3]:

-
 indicate the data available for transmission to the SCG MAC layer only;
-
else indicate the data available for transmission to the MCG MAC layer.
Next Modified Subclause

5.1.1
UL Data Transfer Procedures

At reception of a PDCP SDU from upper layers, the UE shall:

-
start the discardTimer associated with this PDCP SDU (if configured);

For a PDCP SDU received from upper layers, the UE shall:
-
associate the PDCP SN corresponding to Next_PDCP_TX_SN to this PDCP SDU;

NOTE:
Associating more than half of the PDCP SN space of contiguous PDCP SDUs with PDCP SNs, when e.g., the PDCP SDUs are discarded or transmitted without acknowledgement, may cause HFN desynchronization problem. How to prevent HFN desynchronization problem is left up to UE implementation.

-
perform header compression of the PDCP SDU (if configured) as specified in the subclause 5.5.4;

-
perform integrity protection (if applicable), and ciphering (if applicable) using COUNT based on TX_HFN and the PDCP SN associated with this PDCP SDU as specified in the subclause 5.7 and 5.6, respectively;
-
increment Next_PDCP_TX_SN by one;

-
if Next_PDCP_TX_SN > Maximum_PDCP_SN:

-
set Next_PDCP_TX_SN to 0;

-
increment TX_HFN by one;

-
if the bearer is a split bearer: 

-
if ul-DataPath is set by higher layer [3]:
-
submit the resulting PDCP Data PDU to lower layers of the SCG;

-
else submit the resulting PDCP Data PDU to lower layers of the MCG;
-
else submit the resulting PDCP Data PDU to lower layers.
Next Modified Subclause

5.1.2.1.4

Procedures for DRBs mapped on RLC AM when PDCP PDU reordering function is used
5.1.2.1.4.1
Applicability
For DRBs mapped on RLC AM, the PDCP entity shall use PDCP PDU reordering function as specified in this section when:

-
the PDCP entity is associated with two AM RLC entities; or

-
the PDCP entity is reconfigured to be associated with one AM RLC entity from being associated with two AM RLC entities without performing PDCP re-establishment.

The PDCP entity shall not use PDCP PDU reordering function in other cases.
5.1.2.1.4.2
Procedures when a PDCP PDU is received from the lower layers
For DRBs mapped on RLC AM, when PDCP PDU reordering function is used, 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 the 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 the 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 as specified in the subclause 5.6 and, if not already performed, in ascending order of the associated COUNT value, and deliver to upper layers:
-
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 the PDCP SDU with Reordering_PDCP_RX_COUNT – 1 has been delivered to upper layers:
-
stop and reset reorderingTimer;

-
if reorderingTimer is not running (includes the case when reorderingTimer is stopped due to actions above):
-
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.
5.1.2.1.4.3
Procedures when reorderingTimer expires

When reorderingTimer expires, the UE shall:

-
perform deciphering as specified in the subclause 5.6, if not already performed, in ascending order of the associated COUNT value, and deliver to upper layers:
-
all stored PDCP PDU(s) and SDU(s) with 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 Reordering_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.
Next Modified Subclause

5.2.1.1
Procedures for DRBs mapped on RLC AM

When upper layers request a PDCP re-establishment, the UE shall:

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

-
from the first PDCP SDU for which the successful delivery of the corresponding PDCP PDU has not been confirmed by lower layers, 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;
-
if the bearer is a split bearer: 

-
if ul-DataPath is set by higher layer [3]:

-
submit the resulting PDCP Data PDU to lower layers of the SCG;

-
else submit the resulting PDCP Data PDU to lower layers of the MCG;
-
else submit the resulting PDCP Data PDU to lower layer.

Next Modified Subclause

5.3.1
Transmit operation

When upper layers request a PDCP re-establishment, for radio bearers that are mapped on RLC AM, 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 5.2.2.1by:

-
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.
-
if the bearer is a split bearer 

-
if ul-DataPath is set by higher layer [3]:

-
submit the resulting status report to lower layers of the SCG as the first PDCP PDU for transmission;

-
else submit the resulting status report to lower layers of the MCG as the first PDCP PDU for transmission.

-
else submit the resulting status report to lower layers as the first PDCP PDU for transmission.
Next Modified Subclause

5.5.6.1
Transmit Operation

When an interspersed ROHC feedback packet is generated by the header compression protocol, the UE shall:

-
build the corresponding PDCP Control PDU as specified in subclause 6.2.5 i.e. without associating a PDCP SN, nor performing ciphering:

-
if the bearer is a split bearer:
-
if ul-DataPath is set by higher layer [3]:

-
submit the resulting PDCP Control PDU to lower layers of the SCG;

-
else submit the resulting PDCP Control PDU to lower layers of the MCG.

-
else submit the resulting PDCP Control PDU to lower layers.
End of Text Proposal
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