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1 Introduction

There is discussion on PDCP SN length in the last RAN2#97Bis, and the agreement has been made as below:
Agreements on PDCP PDU format

-
PDCP SN length should be up to at least up 18 bits (for data bearer). FFS if there are use cases in which larger value is needed and which value for AM/UM.

-
PDCP SN length 12 bits is supported for RLC UM and AM and for both DRB(s) and SRB(s)

-
LTE PDCP PDU format for DRBs will be the reused 

However, if PDCP SN length is up to 18bits, there is negative impact on PDCP status PDU overhead due to perhaps number of bits increasing for bitmap field. The intention of this contribution is to share some analysis on the bitmap field of PDCP status PDU format.

2 Consideration on status bitmap overhead 

In LTE, the PDCP status report consists of a “FMS” field, and a variable-length “BITMAP” field. “FMS” stands for “First Missing SN”, indicating the PDCP SN of the first missing PDCP PDU. The “BITMAP” field indicates whether or not the PDCP PDU with PDCP N= (FMS+ bit position) is missing in the PDCP receiver. If there are no missing PDCP PDUs, the “BITMAP” field is not included. Figure1 shows the PDCP Control PDU format for a PDCP status report.
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Figure1: PDCP status report format
Note: in RAN2#97BIS, there is agreement to replace FMS to FMC in NR PDCP.

Agreements on PDCP reordering

-
A unified re-ordering schemes is used for DRB(s)/SRB(s) and UM and AM, with LTE as baseline.  

-
It is desirable to disable PDCP reordering.  FFS how to signal it 

-
Use First Missing COUNT (FMC) instead of FMS in the PDCP Status Report.
Based on the design of PDCP status report in LTE, it can be observed that as the increase of SN gap between two missing PDU, the size of PDCP status report will increase considerably. For example, if SN = X PDU and the SN = Y PDU are lost in the data transmission, the number of bits overhead for PDCP status bitmap is Y-X. Considering that the SN can be 18 bits, even if only two packets are lost, this value may be large, and even exceed the maximum PDU size allowed.
For example, which is shown in figure2, considering only two PDUs are lost with SN =100, and SN=10000, even if all the other PDUs between these two missing PDUs are successfully received, the bits required for the PDCP status bitmap are still 9900。In this case, unnecessary huge overhead is introduced.

[image: image2.png]o/c PDU Type | R | R

R FMS

FMS

Bitmap 1

e.g: Start SN =100 Missed

Bitmap N

> SN=101~9999 Right

e.g: SN=10000 Missed

9900 bits needed




Figure2:  LTE PDCP status bitmap example
Observation 1:  Large gap between different missing PDCP PDU may lead to a huge PDCP status report control PDU, which is not efficient.
3 Optimized range based solution 

In NR, in order to save the size of RLC statue report, some kind of range based feedback has been introduced. Based on the similar consideration, in order to save the size of PDCP status report, the range based mechanism can also be considered in the PDCP status report.  
Observation 2: Similar as the RLC, the range based feedback can be considered in PDCP.

However, different from RLC, considering the discard function in PDCP, the PDCP SN can not be assumed to be consecutive, even all the PDCP PDU has been delivered successfully in lower layer. Therefore, we think the bitmap is still useful even the range based feedback is introduced. In addition, with the range indicator, the bitmap will be used to carry NACK indication for each packet within the range.
Observation 3: Considering the discard function, the bitmap is still useful in case the range based feedback is introduced in PDCP, and the bitmap can be used to indicate the NACK indication of the packets within the range.
In order to enable the range based bitmap feedback, a new combined field “NMS combined field” stands for “Next Missing PDCP SN Bitmap” should be introduced in the PDCP status report, which includes the start position information(NMS field to indicate Next Missing SN), the length information(L field to indicated corresponding bitmap length) and the bitmap information (BITMAP field to indicate whether or not the SN= (NMS+ bit position) is missing), “E” field to indicate that whether  a L field will exist in the NMC. For each NMC, besides the “E” field, some kind of “feedback type” should be indicated that will an L field will exist in the NMC.  One example for the format of PDCP status report PDU is given as follow:
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Fig3. Range based bitmap (NMS) example

In the PDCP status report format of Fig3, one or more “NMS combined field” will be included to indicate one or multiple missing PDU start position information (NMS field), the length information (L field) and the bitmap information (for L PDU numbers). With multiple “NMS combined field”, the bitmap for continuous successfully received PDCP PDUs can be skipped and the size of PDCP status PDU can be saved. For example, if PDU SN=100, PDU SN=200, PDU=5001, PDU SN =5100 are missing. 
· We can use FMC field =100, and bitmap from SN=101 to SN=200 to indicates whether or not the PDU with PDCP SN= (FMC 100 +bit position) is missing in the PDCP receiver. 

· Considering on PDCP PDU SN = 201 ~ 5000 do not need to be retransmitted, so, in our solution the next bitmap will skip SN = 201 ~ 5000 PDCP PDUs.

· We can use “NMS field” =5001, and “bitmap field” from SN=5002 to SN=5100 to indicates whether or not the PDU with PDCP SN= (NMS 100 +bit position) is missing in the PDCP receiver, in addition we use “L field”= 99 to indicate the bit length of the bitmap field.
The above enhanced bitmap solution reduce bitmap bit overhead due to not does not need to carry a number of bit indication information of correctly received PDCP PDUs. 
Proposal 1: The range based bitmap should be considered in PDCP status report, with which multiple set of missing PDU start position information (NMS field), the length information (L field) and the bitmap information (to indicate the NACK within the range given by L) can be included in one PDCP status report PDU.
4 Conclusion

RAN2 is kindly asked to discuss and adopt the following observations and proposals:
Observation 1: Large gap between different missing PDCP PDU may lead to a huge PDCP status report, which is not efficient.
Observation 2: Similar as the RLC, the range based feedback can be considered in PDCP.

Observation 3: Considering the discard function, the bitmap is still useful in case the range based feedback is introduced in PDCP, and the bitmap can be used to indicate the NACK indication of the packets within the range.

Proposal 1: The range based bitmap should be considered in PDCP status report, with which, multiple set of missing PDU start position information (NMS field), the length information (L field) and the bitmap information (to indicate the NACK within the range given by L) can be included in one PDCP status report PDU.
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