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1 Introduction

Prior to RAN2#92 there was an email discussion on whether to define UE based flow control feedback or not. As an outcome of that discussion the majority preferred to define UE based feedback. However, the majority of the companies preferred to have the legacy status report at least as a baseline and as a potential modification to reduce overhead caused by the bitmap. Only few companies wanted to include new status report metrics in the new report [1].
During the meeting it was agreed to define UE based flow control feedback and during the offline to progress on a single solution which resulted in a working assumption to further progress in an email discussion [2]. 
The working assumption for the new report includes as options the legacy PDCP status report and a new PDCP status report with the following elements:
3. LWA PDCP Control PDU carries the following information:


a. First Missing PDCP SN


c. Highest successfully received PDCP SN on LTE link


d. Highest successfully received PDCP SN on WLAN link


e. Number of missing PDCP PDUs 

In this contribution we analyse how useful such proposed elements are for the eNB for PDCP and flow control feedback.
2 Discussion
The information obtained by status reporting on PDCP level, from UE or WT, is supposed to help the eNB in distributing the PDCP PDUs among LTE and WLAN and applying the flow control. The eNB needs to be able to avoid HFN-desynch at the UE receiver and to not to overflow the UE’s L2 buffer. For this, the eNB needs to know the PDCP reception status to be able to know how much data is still in flight to the UE in order to control the transmission rate towards the UE. 
In the following, we discuss how the legacy PDCP status report format or a new format could be used to obtain this information. Thereby, we assume that both can be periodically sent, or polled by the eNB, as per working assumption in RAN2#92.
Note that UE based flow control feedback is generally not able to give buffer status information or information that helps to estimate WLAN network-side buffer status. Thus, compared to network based flow control, UE based flow control feedback will be inferior independent of the used status report format.
Observation 1 Compared to network based flow control, UE based flow control feedback will be inferior independent of the used status report format.

2.1 Legacy PDCP status report format
The legacy report contains a field for first missing sequence (FSM) number which is set to the first missing PDCP SDU and 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. We explain in the following how FMS and bitmap can be used by the eNB:
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Figure 1: PDCP SN space (circle) with exemplary reception status; right/green part: successfully received and reordered PDCP PDUs; left part: reordering window (half-SN-space) with SNs received by WLAN (grey) and SNs received by LTE RLC (in-order delivered to PDCP, blue).

FMS: With the FMS field the eNB knows how much data is in flight, i.e. in transmission and in reordering processes between eNB and UE PDCP. This information is required so that the eNB limits its transmissions and does not bring more than ½ PDCP SN space in flight. Furthermore, an average PDCP reception rate can be estimated by comparing how the FMS fields progresses between subsequent reports. Since also the RLC (LTE) reception rate is known in the eNB (based on RLC feedback), the eNB can estimate a WLAN reception rate as well. Similarly, the eNB can estimate the data in flight on WLAN link by knowing the last sent PDCP sequence number (data_sent), FMS and the number of packets in flight on LTE side based on RLC feedback with the following formula
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Both the total average data rate and the subsequent data rates on both LTE and WLAN links may be useful for the eNB for flow control and multipath scheduling (LTE or WLAN) of PDCP data.
Observation 2 The FMS field contains all needed information for the eNB to do flow control, PDCP multipath scheduling, to avoid HFN-desynch, and to estimate the WLAN data rate.

The bitmap: Already with only knowing FMS, after a handover in LTE single connectivity, the eNB is able to do PDCP retransmissions (of all data between highest SN sent and FMS). Some of the data may have already been received by the UE however, due to RLC out of order delivery after handover. For that the bitmap was introduced: it indicates exactly which SN is still outstanding and which SN is already received. Selective retransmissions are enabled by the bitmap. If also in LWA selective retransmissions on PDCP level shall be introduced, the bitmap is required (or a list of missing SNs below a highest out of order received SN, but this could lead to higher overhead than the bitmap). These selective PDCP retransmissions can be done e.g. when a PDU was lost on WLAN. Recovering this gap by LTE PDCP can improve the end-user performance. It is up to eNB implementation if such retransmissions are done.
Observation 3 The bitmap contains additional information for the eNB to be able to carry out selective retransmission on PDCP level.

The maximum size of the bitmap is ½ of the SN space. For 15 bit SN the maximum size is thus 2KB. For a Cat5 UE with a maximum theoretical UL rate of 75376 bit / TTI, this would lead to an overhead of 21% within this TTI, which is quite considerable, thus frequent feedback including the bitmap shall be avoided. 

Observation 4 The bitmap comprises a significant uplink overhead, when sent frequently within PDCP status report.
2.2 New proposed report format
For the new PDCP status the draft CR [3] states:

When LWA status report is triggered, for LWA bearers, the UE shall:

- compile a status report as indicated below , 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;

-
setting the HRL field to the PDCP SN of the highest successfully received PDCP SDU on LTE;

-
setting the HRW field to the PDCP SN of the highest successfully received PDCP SDU on WLAN;
-
if there is at least one out-of-sequence PDCP SDU stored, setting the MPC field to the number of missing PDCP SNs.

In the following, we review each of the proposed new fields:

  
HRL: is the highest received SN by LTE in PDCP. This information is already available from the RLC status report. Therefore the field is redundant. 
  
HRW: is the highest received SN by WLAN in PDCP. It is unclear to us, what information can be deduced from this field. Given this field is available in the eNB, it still remains unclear in the eNB if all, some, or none PDUs of SNs below the field are still outstanding from WLAN. 
  
MPC: the count of missing PDUs below the highest received SN. Combined with HRW, and the information from the LTE RLC status report, it could indicate some kind of ratio of how many PDUs are still outstanding in WLAN. Also for this field, it remains unclear to us how can this information be used by the eNB. Selective retransmission on PDCP level are not possible since we only know the ratio/count of PDUs outstanding on WLAN, we don’t know which SNs are outstanding in particular. 
  
Observation 5 Beside the FMS field, no other of the newly proposed fields seems to provide additional information for the eNB to carry out flow control, PDCP multipath scheduling or to avoid HFN-desynch or estimate the WLAN datarate.

2.3 Way forward

Given the analysis above, we have only found a clear need for the FMS field since this is useful both for avoiding HFN desynch and flow-control/multipath-scheduling. Even the WLAN data rate can be estimated by this field. Thus, we propose that the new PDCP status report includes only FMS.
Proposal 1 As new report format, only FMS field is included. 

Reporting based on the legacy format including FMS and bitmap should however not be precluded. It had been proposed in the RRC PDCP-config [4] that UE can be configured with both polling and periodic type of reporting and the reporting type can be selected separately for those. However, it is not possible to configure the UE with both of these proposed formats and have different periodicities for those. This would however be of advantage when for example the legacy PDCP status reporting including the bitmap could be configured with lower periodicity while the new report without bitmap could be configured with higher periodicity. For the typical case of 15bit SN, where the polling is not possible, the UE should be able to be configured with the two different formats with different periodicities. This enables for example

· Periodic reporting of legacy (byte-heavy) report of type (FMS + bitmap) every 200ms

· Periodic reporting of new (small) report type of (FMS only) every 50ms

Therefore, we propose:
Proposal 2 UE can be simultaneously configured with both new status report and legacy report with different periodicities.

When two periodicities are configured then it is important to be able to start the periods with an offset. For example, legacy format with 200ms periodicity and new report with 50ms periodicity and 25ms offset.
Proposal 3 An offset can be configured in order to start the reporting periodicities at different time instants.
Further, we believe that there is no need to tie this new (period or polled) reporting on PDCP level to LWA. It may be useful for other purposes as well, e.g. to generally allow selective retransmissions on PDCP level as mentioned above.  
Proposal 4 The new PDCP status reporting is not limited to a UE capable of LWA. 
In the annex, we provide text proposals to implement our proposed changes as CRs compared to distributed draft CRs for 36.331 and 36.323.

3 Conclusion

Based on the discussion above on the PDCP status reporting in LWA, we made the following observations and proposals:
Observation 1
Compared to network based flow control, UE based flow control feedback will be inferior independent of the used status report format.
Observation 2
The FMS field contains all needed information for the eNB to do flow control, PDCP multipath scheduling, to avoid HFN-desynch, and to estimate the WLAN data rate.
Observation 3
The bitmap contains additional information for the eNB to be able to carry out selective retransmission on PDCP level.
Observation 4
The bitmap comprises a significant uplink overhead, when sent frequently within PDCP status report.
Observation 5
Beside the FMS field, no other new field seems to provide additional information for the eNB to carry out flow control, PDCP multipath scheduling or to avoid HFN-desynch or estimate the WLAN datarate.


Proposal 1
As new report format, only FMS field is included, while including the bitmap in the report is optional and configurable.
Proposal 2
UE can be simultaneously configured with both new status report and legacy report with different periodicities.
Proposal 3
An offset can be configured in order to start the reporting periodicities at different time instants.
Proposal 4
The new PDCP status reporting is not limited to a UE capable of LWA.


In the annex, we provide text proposals to implement our proposed changes as CRs compared to distributed draft CRs for 36.331 and 36.323.
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5 Text proposals

5.1 TS 36.331 RRC PDCP-Config information element
Change marks are applied towards the distributed draft CR [4].

-- ASN1START

PDCP-Config ::=





SEQUENCE {


discardTimer





ENUMERATED {












ms50, ms100, ms150, ms300, ms500,












ms750, ms1500, infinity


}














OPTIONAL,


-- Cond Setup


rlc-AM







SEQUENCE {



statusReportRequired



BOOLEAN


}














OPTIONAL,


-- Cond Rlc-AM


rlc-UM







SEQUENCE {



pdcp-SN-Size





ENUMERATED {len7bits, len12bits}


}














OPTIONAL,


-- Cond Rlc-UM


headerCompression




CHOICE {



notUsed







NULL,



rohc







SEQUENCE {




maxCID







INTEGER (1..16383)



DEFAULT 15,




profiles






SEQUENCE {





profile0x0001





BOOLEAN,





profile0x0002





BOOLEAN,





profile0x0003





BOOLEAN,





profile0x0004





BOOLEAN,





profile0x0006





BOOLEAN,





profile0x0101





BOOLEAN,





profile0x0102





BOOLEAN,





profile0x0103





BOOLEAN,





profile0x0104





BOOLEAN




},




...



}


},


...,


[[
rn-IntegrityProtection-r10

ENUMERATED {enabled}
OPTIONAL
-- Cond RN


]],


[[
pdcp-SN-Size-v1130



ENUMERATED {len15bits}
OPTIONAL
-- Cond Rlc-AM2


]],


[[
ul-DataSplitDRB-ViaSCG-r12

BOOLEAN

OPTIONAL,
-- Need ON



t-Reordering-r12



ENUMERATED {











ms0, ms20, ms40, ms60, ms80, ms100, ms120, ms140,











ms160, ms180, ms200, ms220, ms240, ms260, ms280, ms300,











ms500, ms750, spare14, spare13, spare12, spare11, spare10,











spare9, spare8, spare7, spare6, spare5, spare4, spare3,











spare2, spare1}




OPTIONAL
-- Cond SetupS


]],


[[
ul-DataSplitThreshold-r13

CHOICE {



release





NULL,




setup





ENUMERATED {










b0, b100, b200, b400, b800, b1600, b3200, b6400, b12800,











b25600, b51200, b102400, b204800, b409600, b819200,











spare1}



}















OPTIONAL,
-- Need ON


pdcp-SN-Size-v13xx



ENUMERATED {len18bits}
OPTIONAL,
-- Cond Rlc-AM3



statusFeedback




CHOICE {




release





NULL,




setup





SEQUENCE {




statusPDU-TypeForPolling-r13
ENUMERATED {type1, type2}

OPTIONAL,





statusPDU-TypeForPeriodic-r13
ENUMERATED {type1, type2}

OPTIONAL,






statusPDU-Periodicity-Type1-r13

ENUMERATED {ms50, ms100, ms150, ms200, ms300, ms500,













ms1000, ms2000, ms5000, ms10000, ms20000, ms50000,













spare4, spare3, spare2, spare1}

OPTIONAL







statusPDU-Periodicity-Type2-r13

ENUMERATED {ms50, ms100, ms150, ms200, ms300, ms500,













ms1000, ms2000, ms5000, ms10000, ms20000, ms50000,













spare4, spare3, spare2, spare1}

OPTIONAL








statusPDU-PeriodOffset-r13

ENUMERATED {ms50, ms100, ms150, ms200, ms300, ms500,













ms1000, ms2000, ms5000, ms10000, ms20000, spare5,













spare4, spare3, spare2, spare1}

OPTIONAL

-- Cond Lwa-TwoPeriodicReports



}



}















OPTIONAL
-- Need ON 


]]

}

-- ASN1STOP

5.2 TS 36.323 PDCP specification
Change marks are applied towards the distributed draft CR [3].

	*********First change**********


3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

AM
Acknowledged Mode

ARP
Address Resolution Protocol

CID
Context Identifier
DRB
Data Radio Bearer carrying user plane data

EPS
Evolved Packet System

E-UTRA
Evolved UMTS Terrestrial Radio Access

E-UTRAN
Evolved UMTS Terrestrial Radio Access Network
eNB
E-UTRAN Node B

FMS
First missing PDCP SN

HFN
Hyper Frame Number


IETF
Internet Engineering Task Force

IP
Internet Protocol

L2
Layer 2 (data link layer)

L3
Layer 3 (network layer)

MAC
Medium Access Control
MAC-I
Message Authentication Code for Integrity
MCG
Master Cell GroupNMP
Number of Missing PDUs

PDCP
Packet Data Convergence Protocol

PDU
Protocol Data Unit
PEK
ProSe Encryption Key

PGK
ProSe Group Key

ProSe
Proximity-based Services

PTK
ProSe Traffic Key
R
Reserved

RB
Radio Bearer

RFC
Request For Comments

RLC
Radio Link Control
RN
Relay Node
ROHC
RObust Header Compression

RRC
Radio Resource Control

RTP
Real Time Protocol

SAP
Service Access Point
SCG
Secondary Cell Group
SDU
Service Data Unit
SLRB
Sidelink Radio Bearer carrying ProSe Direct Communication data
SN
Sequence Number

SRB
Signalling Radio Bearer carrying control plane data

TCP
Transmission Control Protocol

UDP
User Datagram Protocol

UE
User Equipment

UM
Unacknowledged Mode

X-MAC
Computed MAC-I

	*********Next change**********


6.2.x
 PDCP Control PDU for frequent-type status report

Figure 6.2.7.1 shows the format of the PDCP Control PDU carrying one frequent-type status report when a 12 bit SN length is used, Figure 6.2.7.2 shows the format of the PDCP Control PDU carrying one frequent-type status report when a 15 bit SN length is used, and Figure 6.2.7.3 shows the format of the PDCP Control PDU carrying one frequent-type status report when an 18 bit SN length is used.
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Figure 6.2.7.1: PDCP Control PDU format for frequent-type status report using a 12 bit SN
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Figure 6.2.7.2: PDCP Control PDU format for frequent-type status report using a 15 bit SN
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Figure 6.2.7.3: PDCP Control PDU format for frequent-type status report using an 18 bit SN
	*********Next change**********


6.2.11
User plane PDCP Data PDU with further extended PDCP SN (18 bits)

Figure 6.2.11.1 shows the format of the PDCP Data PDU when an 18 bit SN length is used. This format is applicable for PDCP Data PDUs carrying data from DRBs mapped on RLC AM.
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Figure 6.2.11.1: PDCP Data PDU format for DRBs using an 18 bit SN
	





	





	





	


6.3.y4
P
Length: 1 bit

Polling. Set to 1 when eNB triggers a PDCP status report for LWA.

	*********Next change**********


5.x
Frequent-type status report
When PDCP Data PDU with polling bit P set to 1 is received, the UE shall:

- if the LWA bearer is configured by upper layers to send a PDCP status report in the uplink (statusFeedback [3]):
-
if the configured report is the PDCP status report (statusPDU-TypeForPolling is set to type1 [3])
- compile and transmit the PDCP status report as specified in sub-clause 5.3.1;
-
if the configured report is the LWA status report (statusPDU-TypeForPolling is set to type2 [3])
- compile and transmit the PDCP status report as specified in sub-clause 5.x.1.

When t-StatusReportType1 expires (if configured), the UE shall:

- if the LWA bearer is configured by upper layers to send a PDCP status report in the uplink (statusFeedback [3]):

- compile and transmit the PDCP status report of type 1, i.e. as specified in sub-clause 5.3.1;


-
start t-StatusReportType1.

When t-StatusReportType2 expires (if configured), the UE shall:

- if the LWA bearer is configured by upper layers to send a PDCP status report in the uplink (statusFeedback [3]):
-    compile and transmit the PDCP status report of type 2, i.e. as specified in sub-clause 5.x.1;

-
start t-StatusReportType2.

When the value of the t-StatusReportType1 or t-StatusReportType2 is configured or reconfigured by upper layers, the UE shall:

-
if t-StatusReportType1 is running:

-
stop and restart t-StatusReportType1;

-
if t-StatusReportType1 is not running:

-
start t-StatusReportType1;

-
if t-StatusReportType2 is running:

-
stop and restart t-StatusReportType2 after the timing offset statusPDU-PeriodOffset if configured [3] compared to the start of t-StatusReportType1;

-
if t-StatusReportType2 is not running:

-
start t-StatusReportType2 after the timing offset statusPDU-PeriodOffset if configured [3] compared to the start of t-StatusReportType1;

When periodic PDCP status report is disabled by upper layers, the UE shall:

-
stop t-StatusReportType1 and t-StatusReportType2.

5.x.1
Transmit operation

When frequent-type status report is triggered, for LWA bearers, the UE shall:

- compile a status report as indicated below , 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;




	*********Next change**********


6.3.8
PDU type

Length: 3 bits

Table 6.3.8.1: PDU type

	Bit
	Description

	000
	PDCP status report

	001
	Interspersed ROHC feedback packet

	010
	Frequent-type status report

	011-111
	reserved


	*********Next change**********


7.2
Timers

The transmitting side of each PDCP entity for DRBs shall maintain the following timers:

a) discardTimer
The duration of the timer is configured by upper layers [3]. In the transmitter, a new timer is started upon reception of an SDU from upper layer.
The receiving side of each PDCP entity shall maintain the following timers only when the reordering function is used:
b) t-Reordering
The duration of the timer is configured by upper layers [3]. This timer is used to detect loss of PDCP PDUs as specified in the subclause 5.1.2.1.4. If t-Reordering is running, t-Reordering shall not be started additionally, i.e. only one t-Reordering per PDCP entity is running at a given time.
b) t-StatusReportType1
The duration of the timer is configured by upper layers (statusPDU-Periodicity-Type1 [3]). When configured, this timer is used to trigger status report transmission of type 1 for LWA as specified in the subclause 5.x.
c) t-StatusReportType2
The duration of the timer is configured by upper layers (statusPDU-PeriodicityType2 [3]). When configured, this timer is used to trigger status report transmission of type2 for LWA as specified in the subclause 5.x.
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