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1
Introduction
During RAN2#91bis meeting, handling of huge PDCP status report was discussed in [1], [2] and it was agreed to limit the size of PDCP control PDUs. The details were left for email discussion:

[91bis#25][LTE/CA-enh] PDCP control PDU (Nokia)

-
Discussion on handling of huge PDCP control PDU (related to R2-154406)

-
Intended outcome: Email discussion report to next meeting.

Companies are invited to provide their input to this email discussion. Deadline is Thursday, 2015-11-05, 23:59 Pacific Time.
2
Background
2.1
PDCP status report in Rel-12

Currently the PDCP Control PDU for PDCP status report consists of FMS (first missing PDCP SDU/SN) field and bitmap which indicates which PDCP PDUs have been received correctly, see Figure 1. 
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Figure 1: PDCP Control PDU format for PDCP status report using a 15 bit SN
About the construction of the PDCP status report, TS 36.323 says:

-
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;

Thus the maximum size of the bitmap can in the worst case be half of the sequence number space. With 15 bit SN the maximum size of the bitmap is 16384 bits or 2048 octets. Then the resulting PDCP status report is always smaller than the maximum PDCP data PDU size (the maximum PDCP SDU size is 8188 octets).

PDCP Status report is sent, if configured for a bearer, typically after handover, i.e., when PDCP re-establishment is requested by upper layers. With dual connectivity, PDCP status report is sent also when SeNB is changed (for SCG bearer the PDCP re-establishment and for split bearer the PDCP Data Recovery procedure is requested). The PDCP status report is sent in order to minimise unnecessary retransmissions after the HO or SCG change and is not mandatory in nature: the status reports are only used to reduce duplicates and PDCP will always retransmit everything unless it is indicated as successfully received.

2.2
Discussion during RAN2#91bis

The PDCP SN length was decided to be extended to 18 bits. Extension of the PDCP SN length increases also the maximum PDCP status report size. Handling of huge PDCP status reports was discussed in the user plane session of RAN2#92bis. The following discussion was captured into chairman notes (R2-154890): 

	R2-154406
Handling of huge PDCP control PDU
NTT DOCOMO INC.
discussion

=>
Noted.
Proposal1
-
Nokia think huge PDCP control PDU is problem in terms of latency. Samsung think the solution direction would be different depending on whether it is significant problem or not, and want to go for simple solution like limiting the size of PDCP control PDU. LG think at HO the radio condition would be bad and not many PDCP PDUs are in the air, so typically the huge size of PDCP control would not happen. Intel, Huawei agree with LG. LG, Ericsson also want to go for simple solution like segmenting the PDCP control PDU. 
-
Samsung, DOCOMO, QC want to define a UE behavior in case the PDCP control PDU size is huge.
Handling of huge PDCP control PDU
Option1: Limit the size of PDCP status report (e.g., around 8200 bytes)

Option2: Split the information of status report over multiple control PDUs.

-
Nokia clarified that in option1 the FSN is the first missing SN.
-
DOCOMO clarified that in option2 every PDCP status report should include 1 bit to indicate whether it is the last segment or not.
=>
Limit the size of PDCP control PDU. 
=>
The maximum size and its configurability is FFS. 
=>
Whether a status report is split into multiple PDCP control PDUs is FFS.
=>
[EMAILDISC] Handling of huge PDCP control PDU (Nokia)
R2-154593
PDCP Status PDU with PDCP SN extension
Nokia Networks
discussion

=>
Not treated.
=>
E-mail discussion includes this.



3
Discussion
3.1
Topics handled in this email discussion

In RAN2#91bis it was agreed to limit the size of PDCP control PDU. The maximum size and its configurability as well as whether a status report is split into multiple PDCP control PDUs were left FFS. The goal of this email discussion is to discuss:

· Maximum size of PDCP control PDU

· Whether the maximum size is configurable

· Whether a PDCP status report is split into  multiple PDCP control PDUs

· Whether alternatives are introduced for the bitmap in order to reduce the PDCP status report size

The intended outcome is an email report of the above mentioned topics.

3.2
Maximum size of PDCP control PDU
PDCP SN was agreed to be extended to 18 bits in Rel-13 due to increased peak data rates resulting from carrier aggregation of up to 32 component carriers. In addition to increasing the PDCP SN length to 18 bits, also FMS field has to be extended to 18 bits and, if nothing is changed, also the maximum bitmap size is extended to 2^17 = 131 072 bits or 16384 octets.

Observation 1: Maximum PDCP status report size is more than 16 000 octets if PDCP SN length is 18 bits and the same principles are followed in Rel-13 as in Rel-12.

Thus the maximum PDCP Control PDU size would be more than twice the maximum PDCP Data PDU size. This does not seem to be reasonable, especially if the receiver and transmission buffers have to be re-dimensioned due to a potential oversized PDCP Control PDU. Furthermore, transmission of a very large PDCP Control PDU would take a long time. The transmitting RLC has to segment the PDCP Control PDU in the transmitter and the receiving RLC will wait and collect all the segments to reassemble the PDCP Control PDU before delivering it to PDCP layer. This may take a very long time if tens of segments have to be sent over a limited capacity uplink just after HO or SeNB change.

Observation 2: Transmission of a long PDCP Status report can take very long time due to RLC segmentation and reassembly.
A simple way to limit the PDCP control PDU size is to define a maximum size. This was agreed in RAN2#91bis. 

Companies are requested to answer the following questions:
Question 1: Should the maximum PDCP control PDU size be configurable?

Question 2: What should be the value range for the maximum size of the PDCP control PDU?

	Company 
	Question 1: Should the maximum PDCP control PDU size be configurable?


	
	Yes or no
	Comments

	LG
	No
	Fixed maximum size should be sufficient.

	Ericsson
	No
	The maximum PDCP data PDU size is not configurable (i.e. it is fixed to 8188 bytes), therefore also the maximum PDCP control PDU size should be fixed.

	Huawei, HiSilicon
	No 
	Agree with LG and Ericsson.

	Nokia Networks
	Yes
	In order to allow some freedom in eNB implementation, the maximum PDCP Control PDU size should be configurable. Configurability of the size of PDCP control PDU is especially useful if PDCP status report is split into multiple PDCP control PDUs.

	Qualcomm
	No
	The maximum size (8188 bytes) is determined by the maximum length of the key stream and increasing this size will have significant impact.

	ZTE
	No
	

	CATT
	No
	Agree with LG and Ericsson.

	Intel
	No
	Fixed limit is sufficient.

	ITRI
	No
	The maximum PDCP control PDU size shall be fixed.

	NTT DOCOMO
	Yes
	It depends on how fast the eNB wants to start DL scheduling considering PDCP status report after PDCP re-establishment. It will be beneficial to configure the maximum PDCP control PDU size since the suitable size depends on the expected UL Tput after PDCP re-establishment.

	MediaTek
	No
	Fixed limit is sufficient. Do not see the gain to have it configurable.


Summary: 9 companies had the opinion that the maximum PDCP control PDU size should not be configurable 

2 companies thought it should be configurable

	Company 
	Question 2: What should be the value range for the maximum size of the PDCP control PDU?


	
	Value range [octets]
	Comments

	LG
	8188 or 16384
	Equal to the maximum PDCP SDU size or allow up to the maximum possible size with 18 bits PDCP SN.
If the maximum size is less than 16384, the PDCP generates PDCP status report including BITMAP from FMS up to the maximum PDCP Control PDU size.

	Ericsson
	8188
	Same hard limit as for the maximum PDCP SDU supported size.

	Huawei, HiSilicon
	8188
	Can be same with maximum PDCP SDU.

	Nokia Networks
	128, 256, 512, 1024, 2048, 4096, 8188, spare1
	The uplink data rate may not be very high just after HO. The smaller PDCP control PDUs allow faster delivery of the (first part of) PDCP status report. It is especially useful if PDCP status report is split into multiple PDCP control PDUs.

	Qualcomm
	8188
	Same as the current specification

	ZTE
	Not limited
	The 8188 limit is only applied to the PDCP SDU.

	CATT
	8188
	It is sufficient to reuse the maximum size of PDCP SDU for PDCP control PDU.

	Intel
	8188
	Equal to the maximum PDCP SDU size.

	ITRI
	8188
	The maximum size of the PDCP control PDU can be 8188 octets.

	NTT DOCOMO
	2048 (+ fixed part size) ~ 8188 (+ fixed part size)
	We think that the maximum bitmap size of 15 bit PDCP SN can be a baseline (2048 byte) and the value range will be the multiple of this value up to 8188 + fixed part size [byte], i.e., 2048 * x + fixed part size [byte] (x = 1 ~ 4). Also, it will be beneficial to have a common understanding that the limitation is applied for the size of resulting PDCP control PDU or that of the bitmap size. The latter one may be better since we will not need to touch the maximum bit map size even if we extend PDCP SN length further in the future.

	MediaTek
	8188
	It is sensible to make it simple, i.e. equal to the maximum PDCP SDU size.


Summary: 7 companies proposed a fixed maximum size of 8188 bytes

1 company proposed 8188 or 16384 (in practice no limit)

1 company proposed that it should not be limited

2 companies that proposed the configurable size also proposed value range for the maximum size

3.3
Compression of the bitmap
Another possible way to reduce the PDCP status report size is trying to compress the bitmap. Especially if the bitmap is sparse and mainly containing 1’s, then it would be more efficient to report only the missing PDCP PDUs (similar to RLC status PDU report only NACK_SN’s). If the bitmap is sparse and mainly contains 0’s, then it would be more efficient to report only the correctly received PDCP PDUs (ACK_SN’s). However, if there are only a few correctly received PDCP PDUs, retransmitting them is not wasting resources too much. 

Therefore, a NACK_SN based PDCP status report could be introduced as a way to compress the bitmap. The UE could select either the bitmap or NACK_SN based PDCP status report, whichever results into smaller status report.
Question 3: Should a “NACK_SN” based PDCP status report be introduced as an alternative in addition to the bitmap?
	Company 
	Question 3: Should a “NACK_SN” based PDCP status report be introduced as an alternative in addition to the bitmap?


	
	Yes or no
	Comments

	LG
	No
	We think the size of PDCP status report would be typically small, and don’t see the need for other mechanism.

	Ericsson
	No
	NACK_SN can reduce the overhead only in case the losses are very spread in the SN domain. However, given that the PDPC status report is typically used at handover, it is more reasonable to assume that the lost SNs are quite contiguous and not bursty. Therefore we prefer to keep the PDCP design as similar as possible to legacy.

	Huawei, HiSilicon
	No 
	This optimization is not needed.

	Nokia Networks
	Yes
	Especially if the bitmap is sparse and mainly containing 1’s, then it would be more efficient to report only the missing PDCP PDUs. For example, a single packet-loss may be holding back RLC-SDU submission to PDCP when a load-balancing handover takes place.

	Qualcomm
	Yes
	This can help with reducing the PDCP status report size

	ZTE
	No
	No need to limit the size of PDCP control PDU

	CATT
	No
	Agree with Ericsson.

	Intel
	Yes
	We think that in some scenarios the bitmap can be sparse, and it may be resource efficient to send the actual PDCP SN or SN offset of only the missing PDCP PDUs.

	ITRI
	No
	Such optimization is not required.

	NTT DOCOMO
	No
	It depends on the number of missing PDU and how sparse it is. We think that from complexity point of view, the entirely different format of PDCP control PDU from one for today will not be beneficial. We prefer the solutions provided in the next section.

	MediaTek
	Yes
	This is useful for certain scenarios. If size is the concern, more tools to UE could allow smart implementation. The worst case is anyway bounded. 


Summary: 4 companies supported introduction of NACK_SN based PDCP status report
7 companies did not support 

3.4
Split of PDCP status report to multiple PDCP control PDUs

If the size of the PDCP status report is larger than the maximum PDCP control PDU size, then the next question is what should be reported with the limited sized control PDU. The simplest way (from specification and implementation point of view) is to truncate the bitmap (or the list of NACK_SN’s) and report as much as possible. And since the report only aims at reducing duplicates, the most useful approach would consist in selecting the portion of the bitmap that contains the most 1’s. 

Another way to get the PDCP status information faster to the transmitter side is to split the PDCP status report at PDCP level into several PDCP control PDUs. Then there is no need to wait at RLC level that the whole PDCP status report is correctly received before delivering the first part of the status report to PDCP layer. By splitting the PDCP status report into several PDCP control PDUs, the limited size of a single PDCP Control PDU can be easily reached without losing information. An example text proposal is given in Annex.
Question 4: If a PDCP status report does not fit into a PDCP control PDU, should the PDCP status report be

a) truncated (and not reporting the rest of the information)?

b) split into multiple PDCP control PDUs?

	Company 
	Question 4: If a PDCP status report does not fit into a PDCP control PDU, should the PDCP status report be

a) truncated (and not reporting the rest of the information)?

b) split into multiple PDCP control PDUs?



	
	a) or b)
	Comments

	LG
	a)
	PDCP status report is used for avoiding duplicated retransmission at handover. If a PDCP SDU is not reported as ACK, the transmitter would retransmit it. 
If the maximum size is less than 16384 (e.g. 8188), the truncated PDCP status report would not cause any problem for protocol operation. It only causes radio resource wastage. 
If the maximum size is 16384, the PDCP status report can include feedback for all possible PDCP SDUs.

In any case, we think huge PDCP status report happens very rarely, and don’t want to optimize for the extreme case.

	Ericsson
	a)
	For similar reasons to our answer to question 3, we believe that if losses occur they will not be very sparse, implying that the bitmap size will not be that big. Additionally, we foresee that the enhanced carrier aggregation feature will be used to provide high data rates in very good channel conditions for which losses will be quite few. Therefore, in our opinion, scenarios of huge PDPC status report will be unlikely and truncation seems to be a simple yet enough efficient solution.  

	Huawei, HiSilicon
	a)
	Agree with LG and Ericsson.

	Nokia Networks
	b)
	Allowing the split of the PDCP status report into several PDCP Control PDUs as shown in the annex allows faster delivery of the first part of the PDCP status report without losing information. With a configurable size PDCP Control PDU network can efficiently control the splitting and delivery latency of the PDCP status report.

	Qualcomm
	a)
	The probability of reaching this limit with the current PDCP status format is very small. Assuming RLC retransmission takes about 100ms, this can only happen with throughput greater than 15Gb/s which is not likely to occur during handover. If NACK based Status Report is introduced, the UE can choose the appropriate method to fit the current maximum size; if not, truncation is much simpler and the motivation for optimization of this very small probability event is not convincing. Note that the recovery will still happen via retransmission of missing PDUs which are not signaled in the Status Report with truncation (if any). 

	ZTE
	?
	No need to limit the size of PDCP Control PDU

	CATT
	a)
	Agree with LG and Ericsson. During handover or SeNB change, there are not so many inconsecutive PDCP PDUs missing typically. So if the case happens, we think option a) is sufficient. 

	Intel
	a)
	We think truncating is sufficient. With the help of “NACK_SN” based PDCP status report, huge PDCP status report will be very rare.

	ITRI
	a)
	Agree with Ericsson.

	NTT DOCOMO
	b) 
	If we try to avoid duplicated transmission as much as possible by PDCP status report, b) is better option. 

	MediaTek
	a)
	We go for the simplest solution.


Summary: 8 companies supported truncation of the PDCP status report in case it does not fit into maximum size PDCP control PDU
2 companies supported splitting of PDCP status report into multiple PDCP control PDUs

1 company does not support limiting the size of PDCP control PDU (against the agreement in the previous meeting)

4
Summary and conclusions
11 different companies participated in the discussion. 
Based on the replies configurable maximum PDCP control PDU size makes sense mainly if splitting of PDCP status report into multiple PDCP control PDUs is supported. Due to limited support for the splitting, it seems reasonable to specify a fixed maximum size for the PDCP control PDU in Rel-13.
Proposal 1: Maximum PDCP control PDU size is fixed (not configurable) in Rel-13.

One company raised the question whether the size limit should be for the ‘payload’ of the PDCP control PDU or for the whole PDCP control PDU. For data the limit is for the PDCP data SDU not for the PDU. Thus it would make sense to limit the size of the payload of PDCP control PDU. On the other hand, it is easier to specify the maximum size for the PDCP control PDU.
Proposal 2: Maximum PDCP control PDU size is 8188 bytes.
Since only two companies supported the splitting of PDCP status report into multiple PDCP control PDUs and 7 companies supported truncation of the status report, it seems reasonable to propose:

Proposal 3: PDCP status report is truncated (if needed).
Compression of the bitmap by introducing NACK_SN based PDCP status report gained some support. Therefore, we propose that RAN2 discusses it further.

Proposal 4: RAN2 to discuss introduction of NACK_SN based PDCP status report.
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Annex 1 TP for segmentation of PDCP status report
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, 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(s) 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.
-
if the resulting status report is larger than the maximum allowed PDCP control PDU size:

-
segmenting the status report into several PDCP control PDUs such that 
-
the first segment contains FMS field and as many octets of the Bitmap that fit in the maximum allowed PDCP control PDU;
-
subsequent segments contain a field indicating Bitmap starting point in this segment (PDCP SN of the first bit of the bitmap) and corresponding portion of the Bitmap field (each segment except the last one are of maximum size).
5.3.2
Receive operation
When a PDCP status report is received in the downlink, for radio bearers that are mapped on RLC AM:

-
for each PDCP SDU, 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 SDU identified by the FMS field, the successful delivery of the corresponding PDCP SDU is confirmed, and the UE shall process the PDCP SDU as specified in the subclause 5.4.
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