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1.
Introduction
It has been agreed that the “scheduled IP throughput measurement” defined in TS36.314 is used for MDT throughput measurement. However, the HARQ or RLC retransmission leads to unpredicted transmission tail, which will cause the ambiguities in determining the definite transmission time. 
This paper discusses various options for T1 determination, and suggests the best T1 definition for AM and UM DRBs. In addition, clear definition of other parameters related to scheduled IP throughput is also suggested.
As a reference for the following discussion, the definition of scheduled IP throughput in DL is excerpt from TS36.314 as shown below. 
	Definition
	Scheduled IP Throughput in DL. Throughput of PDCP SDU bits in downlink for packet sizes or data bursts that are large enough to require transmissions to be split across several TTIs, by excluding transmission of the last piece of data in a data burst. Only data transmission time is considered, i.e. when data transmission over Uu has begun but not yet finished. Each measurement is a real value representing the throughput in kbits/s. The measurement is performed per QCI per UE. For successful reception, the reference point is MAC upper SAP. 
This measurement is obtained by the following formula for a measurement period:
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For small data bursts, where all buffered data is included in one initial HARQ transmission,  
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	The time to transmit a data burst excluding the last piece of data transmitted in the TTI when the buffer is emptied. A sample of “ThpTimeDl” for each time the DL buffer for one E-RAB is emptied.
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	The point in time after T2 when data up until the second last piece of data in the transmitted data burst which emptied the PDCP SDU available for transmission for the particular E-RAB was successfully transmitted, as acknowledged by the UE.
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	The point in time when the first transmission begins after a PDCP SDU becomes available for transmission, where previously no PDCP SDUs were available for transmission for the particular E-RAB.
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	The volume of a data burst, excluding the data transmitted in the TTI when the buffer is emptied. A sample for ThpVolDl is the data volume, counted on PDCP SDU level, in kbits successfully transmitted (acknowledged by UE) in DL for one E-RAB during a sample of ThpTimeDl. It shall exclude the volume of the last piece of data emptying the buffer.


2.
T2 Definition
The definition of T2 may be clear, i.e. the point in time when the first segment of the first PDCP SDU in a data burst is transmitted. However, the ambiguities lie in the meaning of “transmission”. The “transmission” may be interpreted differently, e.g. “transmission from PDCP to RLC”, “transmission from RLC to MAC”, or “transmission from MAC HARQ to radio interface”. Therefore, a clear definition of “transmission” is needed for T2.

Among the various interpretations, we think the “transmission from MAC HARQ to radio interface” is the best one considering that actual transmission starts from this point. 
Proposal1: T2 is defined as the point in time when the first HARQ transmission begins after a PDCP SDU becomes available for transmission.
3.
T1 Definition for AM DRB
The meaning of T1 is ambiguous because there is no clear definition of the “last piece of data”. Consequently, the meaning of ThpTimeDl and ThpVolDl are also ambiguous due to the unclear definition of T1. Thus, the clear definition of T1 is critical in obtaining the accurate scheduled IP throughput. Since there is difference between AM and UM DRBs in terms of retransmission, we first look at the case of AM DRB.

AM DRB has two level of retransmission, i.e. one in MAC HARQ and one in AM RLC. Let’s see the example in Figure 1.
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Figure 1. Example of downlink transmission of data burst in AM DRB
In this example, up to eleven different points in time can be T1 candidates. They can be categorized into four groups.
G1: Transmission based T1

· 
 eq \o\ac(○,A)T1 = When the second last PDCP SDU (PDCP SDU#6) is delivered to RLC
· 
 eq \o\ac(○,B)T1 = When the second last RLC PDU (RLC PDU#6) is delivered to MAC HARQ
G2: HARQ feedback based T1

· 
 eq \o\ac(○,C)T1 = When the successful transmission of the second last MAC PDU (MAC PDU#6) is acknowledged by the HARQ feedback

· 
 eq \o\ac(○,D)T1 = When the successful transmission of the second last outstanding MAC PDU (MAC PDU#5) is acknowledged by the HARQ feedback

· 
 eq \o\ac(○,E)T1 = When the successful transmission of all MAC PDUs up to and including the second last MAC PDU (MAC PDU#6) are acknowledged by the HARQ feedback

G3: RLC status report based T1

· 
 eq \o\ac(○,F)T1 = When the successful transmission of the second last RLC PDU (RLC PDU#6) is acknowledged by the RLC status report

· 
 eq \o\ac(○,G)T1 = When the successful transmission of the second last unacknowledged RLC PDU (RLC PDU#3) is acknowledged by the RLC status report

· 
 eq \o\ac(○,H)T1 = When the successful transmission of all RLC PDUs up to and including the second last RLC PDU are acknowledged by the RLC status report

G4: PDCP SDU based T1

· 
 eq \o\ac(○,I)T1 = When the RLC indicates that the RLC SDU(s) corresponding to the second last PDCP SDU (PDCP SDU#6) is successfully transmitted to the UE RLC

· 
 eq \o\ac(○,J)T1 = When the RLC indicates that the RLC SDU(s) corresponding to the second last unacknowledged PDCP SDU (PDCP SDU#4) is successfully transmitted to the UE RLC
· 
 eq \o\ac(○,K)T1 = When the RLC indicates that the RLC SDU(s) corresponding to all PDCP SDUs up to and including the second last PDCP SDU are successfully transmitted to the UE RLC
For each group of options, following observations can be made.
G1: Transmission based T1

· 
Since the HARQ feedback is obtained 4 ms after HARQ transmission, the data transmitted in the last 4 subframes are not considered in data volume calculation. The PDCP SDUs or RLC PDUs transmitted before the second last data by 4 subframes may also not be considered in data volume calculation if the HARQ or RLC retransmission is still ongoing.
G2: HARQ feedback based T1

· 
The T1 calculation based on this group of options may be incorrect if there is HARQ NACK-to-ACK misinterpretation error. In addition, for option  eq \o\ac(○,C), there may be outstanding MAC PDUs whose HARQ retransmission is ongoing while the second last MAC PDU is acknowledged. The outstanding MAC PDUs whose HARQ retransmission is ongoing are not considered in data volume calculation.
G3: RLC status report based T1

· 
Relying on RLC status report causes long T1 time due to the long round-trip time of RLC status report. In addition, for option  eq \o\ac(○,F), there may be unacknowledged RLC PDUs whose RLC retransmission is ongoing while the second last RLC PDU is acknowledged. The RLC PDUs whose RLC retransmission is ongoing are not considered in data volume calculation. 

G4: PDCP SDU based T1

· 
Similar to G3, this group of options relies on RLC status report (or PDCP status report if utilized), and thus may suffer from long T1 value. In addition, for option  eq \o\ac(○,I), there may be unacknowledged PDCP SDUs while the second last PDCP SDU is acknowledged, which are not considered in data volume calculation.
Among the various options, we think the transmission based options, i.e. G1, should not be selected, because this group of options does not consider data transmitted in last four subframes and data whose retransmission is ongoing in data volume calculation. These data may not be negligible, and not considering them in data volume calculation would lead to under-estimation of actual throughput.

In G2, the accuracy is much impacted by HARQ NACK-to-ACK error. Once the NACK-to-ACK error occurs, the RLC will retransmit the NACKed RLC PDUs, and thus the T1 is lengthened than what MAC expected. Even without the NACK-to-ACK error, the MAC HARQ should take the RLC status into consideration when determining T1. Thus, this group of options is not preferred due to the high complexity and low accuracy.

The option groups G3 and G4 are similar in that they utilize RLC status report. The T1 in these groups is a bit longer than G2 due to the time spent for receiving RLC status report. However, HARQ NACK-to-ACK error would not harm the accuracy of T1. Thus, G3 and G4 are preferred over G2.
Between G3 and G4, we think G3 is better because one RLC PDU is typically transmitted in one TTI. In G4, the transmission of PDCP SDUs needs to be translated into TTI level, which is sometimes N-to-1 and sometimes 1-to-N. This indirect relationship between PDCP SDU and TTI makes G4 more complex than G3. 

Thus, we think G3 is the best group of options for determining T1 for AM DRBs.
Finally, among the options in G3, we propose to use either option  eq \o\ac(○,G) or option  eq \o\ac(○,H) for determining T1. Since the option  eq \o\ac(○,F) does not consider the data under RLC retransmission in data volume calculation, the accuracy would be much lower than option  eq \o\ac(○,G) or option  eq \o\ac(○,H).
Proposal2: For AM DRBs, the T1 is determined as one of the following;
· 
T1 = The point in time when the successful transmission of the second last unacknowledged RLC PDU is acknowledged by the RLC status report

· 
T1 = The point in time when the successful transmission of all RLC PDUs up to and including the second last RLC PDU are acknowledged by the RLC status report

4.
T1 Definition for UM DRB
For UM DRBs, there is no RLC retransmission, so the T1 determination is solely based on HARQ transmission. However, the HARQ transmission may not succeed in the end. If the maximum number of transmission is reached, the HARQ transmission for the MAC PDU is aborted, and thus the MAC PDU is lost. For UM DRBs, therefore, the requirement of “successful transmission” in T1 definition should be changed to “completion of HARQ transmission” to cope with both successful and failed transmission cases.
Proposal3: For UM DRBs, the requirement of “completion of HARQ transmission” is used in T1 definition instead of “successful transmission”.
To determine T1 based on the completion of HARQ transmission, three different points in time can be considered. This example is shown in Figure 2.
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Figure 2. Example of downlink transmission of data burst in UM DRB

· 
 eq \o\ac(○,A)T1 = When the HARQ transmission of the second last MAC PDU (MAC PDU#6) is completed

· 
 eq \o\ac(○,B)T1 = When the HARQ transmission of the second last outstanding MAC PDU (MAC PDU#7) is completed

· 
 eq \o\ac(○,C)T1 = When the HARQ transmission of all MAC PDUs up to and including the second last MAC PDU (MAC PDU#6) is completed

Among these options, we propose to use either option  eq \o\ac(○,B) or option  eq \o\ac(○,C) in T1 determination for UM DRBs. This is because the option  eq \o\ac(○,A) does not consider the data under HARQ retransmission in data volume calculation, which leads to lower accuracy than option  eq \o\ac(○,B) or option  eq \o\ac(○,C).

Proposal4: For UM DRBs, the T1 is determined as one of the following;
· 
T1 = The point in time when the HARQ transmission is completed for the second last outstanding MAC PDU
· 
T1 = The point in time when the HARQ transmission is completed for all MAC PDUs up to and including the second last MAC PDU

5.
Data volume calculation
To obtain the throughput of the E-RAB, the data volume ThpVolDl needs to be calculated together with the transmission time ThpTimeDl. However, once T1 is determined, we think that the ThpVolDl can be easily calculated by counting only PDCP SDUs successfully transmitted during ThpVolDl. We don’t need to consider the last piece of data in calculating ThpVolDl.
Proposal5: Once T1 is determined, the data volume ThpVolDl is calculated by counting PDCP SDUs successfully transmitted during ThpTimeDl (= T1 - T2).

6.
Proposal
For unambiguous calculation of scheduled IP throughput for MDT, the followings are proposed.
Proposal1: T2 is defined as the point in time when the first HARQ transmission begins after a PDCP SDU becomes available for transmission.
Proposal2: For AM DRBs, the T1 is determined as one of the following;
· 
T1 = The point in time when the successful transmission of the second last unacknowledged RLC PDU is acknowledged by the RLC status report

· 
T1 = The point in time when the successful transmission of all RLC PDUs up to and including the second last RLC PDU are acknowledged by the RLC status report

Proposal3: For UM DRBs, the requirement of “completion of HARQ transmission” is used in T1 definition instead of “successful transmission”.
Proposal4: For UM DRBs, the T1 is determined as one of the following;
· 
T1 = The point in time when the HARQ transmission is completed for the second last outstanding MAC PDU
· 
T1 = The point in time when the HARQ transmission is completed for all MAC PDUs up to and including the second last MAC PDU

Proposal5: Once T1 is determined, the data volume ThpVolDl is calculated by counting PDCP SDUs successfully transmitted during ThpTimeDl (= T1 - T2).
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