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Discussion 
1 Introduction

Extended PDCP SN of 15 bit is agreed to be introduced in REL-11. The impact from the extended SN to the PDCP status report and SN STATUS TRANSFER is discussed in the contribution. Discussing these issues, an additional issue on transmitter window is also identified and discussed in the section 2.
2 Discussion on the size of BITMAP in PDCP status report 
It is logical to assume that the maximum size of BITMAP is somehow correlated to the size of PDCP SN. A natural question following up introducing extended SN would be the maximum size of BITMAP when 15 bit PDCP SN is configured. Even though it is not explicitly specified in 36.323, there are some hints here and there. 
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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 u

plink

 

(

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 low

er 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 P

DCP SNs 

from and not including the first missing PDCP SDU up to and 

including 

the last out

-

of

-

sequence PDCP 

S

DUs

, 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 

S

DUs for which decompression ha

ve

 

failed;

 

-

 

indicating in the bitmap field as ‘1’ 

for 

all other PDCP SDUs.

 


Yellow highlighted text indicates that the length of BITMAP is depending on the distance between the first missing SN and the last missing SN
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Bitmap

 

Length: Variable

 

The length of the bitmap field can be 0.

 

The MSB of the first octet of the type "Bitmap" indicates whether or not the PDCP 

S

DU with the 

SN (FMS + 1) 

modulo 4096

 

has been received and, optionally decompressed correctly. The LSB of the first octet of the type 

"Bitmap" indicates whether or not the PDCP 

S

DU with the SN (FMS + 8) modulo 4096 has been received 

and, 

optionally decomp

ressed 

correctly.

 


Green highlighted text indicates that the maximum size of BITMAP could be 4096 (=Maximum_PDCP_SN+1). If the size of BITMAP is larger than that, two bits indicate a single SN’s status.
Considering the UE operation specified in 5.1.2.1.2, one can assume that the effective maximum size of BITMAP is Reordering_Window
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Procedures

 

for DRBs

 

mapped on RLC AM

 

For DRBs mapped on RLC AM,

 

a

t reception of a PDCP 

Data 

PDU from lower layers

,

 

the UE shall:

 

…

 

-

 

else if Next_PDCP_RX_SN 

–

 

received PDCP SN

 

> Reordering_Window:

 

-

 

increment RX_HFN by one;

 

-

 

use 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 PDC

P SN

 

–

 

Next_PDCP_RX_SN >

=

 

Reordering_Window:

 

-

 

use 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:

 

-

 

use 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:

 

-

 

use COUNT based on RX_HFN and the received 

PDCP SN for deciphering the PDCP PDU;

 

…

 


As seen above, HFN handling is based on the Reordering_Window (= [Maximum_PDCP_SN+1]/2) i.e. if received PDCP SN is considered as higher than Next_PDCP_RX_SN, HFN may increment as shown in the figure 1. 
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Fig.1

At PDCP re-establishment, the first PDCP SDU to be transmitted is the SDU corresponding FMS. As per respective definition of state variables, FMS is (Last_Submitted_PDCP_RX_SN + 1) and the last bit of BITMAP is correlated to (Next_PDCP_RX_SN – 1)

So if the difference between Last_Submitted_PDCP_RX_SN and Next_PDCP_RX_SN is larger than Reordering_Window, HFN desynchronization may happen as shown in the figure 2. 
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Fig. 2

To avoid HFN desynchronization upon PDCP re-establishment, the transmitter shall ensure that the distance between Next_PDCP_RX_SN and FMS is not larger than Reordering_Window. Since the transmitter is not aware of state variable of reception party, a possible way for the transmitter would be to ensure that the difference between Next_PDCP_TX_SN and the PDCP SN of the first PDCP PDU whose successfully delivery has not been confirmed by the lower layer yet is not larger than Reordering_Window note 1. 
Note 1: Next_PDCP_TX_SN ≥ Next_PDCP_RX_SN & the PDCP SN of the first PDCP PDU whose successfully delivery has not been confirmed ≤ FMS

HFN de-sync could lead to severe QoS degradation and radio resource waste. We propose to agree on the following transmitter requirement. It may be useful to add a note in PDCP specification from REL-11 onward.

Proposal 1: Transmitter shall not transmit beyond PDCP SN of (x + Reordering_window) where x is the SN of the first PDCP SDU whose successful delivery has not been confirmed by the lower layer.

If above requirement is somehow fulfilled, the practical maximum size of BITMAP is bounded by Reordering_Window Note 2.
Note 2: FMS ≥ x & Last bit position of BITMAP ≈Next_PDCP_RX_SN-1≤ Next_PDCP_TX_SN
It is proposed to agree on that the maximum size of BITMAP is bounded by Reordering_Window (2048 bit for 12 bit PDCP SN and 16384 bit for 15 bit PDCP SN).
Proposal 2: The maximum size of BITMAP is bounded by Reordering_Window.
3 Discussion on SN STATUS REPORT 
For the target ENB to build PDCP status report, source ENB forwards following information in SN STATUS REPORT. 
[image: image6.emf]>E-RABs Subject To Status Transfer Item  1  ..  <maxnoof  Bearers>    

>> E-RAB ID M   9.2.23   

>>Receive Status Of UL PDCP SDUs O   BIT  STRING   (4096)  PDCP Sequence Number = (First Missing  SDU Number + bit position) modulo 4096     0:   PDCP SDU has not been received.   1: PDCP SDU has been received correctly.  

>> UL COUNT Value M   COUNT  Value   9.2.15  PDCP - SN and Hyper Frame Number of the  first missing  UL SDU  

>> DL COUNT Value M   COUNT  Value   9.2.15  PDCP - SN and Hyper frame number th at the  target eNB should assign for the next DL SDU  not having an SN yet  

 


Target ENB would use UL COUNT Value for FMS and Receive Status Of UL PDCP SDUs for BITMAP. The size of Receive Status Of UL PDCP SDUs is fixed to 4096 bit (i.e. two times of Reordering_Window) in the current release. If the proposal 1 and/or 2 is agreed, it does not need to be two times of Reordering_Window, but needs to be the same size as Reordering_Window Rel-11 onward. If Receive Status Of UL PDCP SDUs for 15 bit PDCP SN is fixed to 32,768 bit as like REL-10, half of the information (i.e. 16,384 bit) is wasted without any benefit.

In the real life, that the distance between Last_Submitted_PDCP_RX_SN and Next_PDCP_RX_SN is Reordering_Window would hardly happen. In  most cases, the distance between them would be only a few dozens. Hence at least signaling efficiency point of view, having Receive Status Of UL PDCP SDUs as fixed sized IE is not optimal.   

It is proposed to inform RAN3 about RAN 2 opinion regarding the size of Receive Status Of UL PDCP SDUs.
Proposal 3: To inform RAN3 that the maximum size of BITMAP in case of 15 bit PDCP SN is 16,384 bit.

Proposal 4: To inform RAN3 that most cases the size of useful information in Receive Status Of UL PDCP SDUs would be a few bytes
4 Conclusion
It is shown that if the transmitter transmits with more than Reordering_Window of outstanding PDUs there could be HFN de-sync problem upon PDCP re-establishment. To avoid this, it is proposed to introduce kind of transmission window from REL-11(or REL-10) onward.   

Proposal 1: Transmitter shall not transmit beyond PDCP SN of (x + Reordering_window) where x is the SN of the first PDCP SDU whose successful delivery has not been confirmed by the lower layer.

If the proposal 1 is agreed, the maximum size of BITMAP is bounded by Reordering_Window size.
Proposal 2: The maximum size of BITMAP is bounded by Reordering_Window.
It is proposed to send LS to RAN3 to inform above decision for them to reflect it their specification 
Proposal 3: To inform RAN3 that the maximum size of BITMAP in case of 15 bit PDCP SN is 16,384 bit.

Proposal 4: To inform RAN3 that most cases the size of useful information in Receive Status Of UL PDCP SDUs would be a few bytes
Draft CR to 36.323 is presented in [1]. Draft LS to RAN3 is presented in [2]
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