
3

3GPP TSG-RAN WG2 #69bis






R2-102068
April 12 - 16, 2010, Beijing, China
Agenda item:
6.7
Source: 
Huawei
Title: 
Throughput Measurement
Document for:
Discussion, Decision
1. Background
The reason for this document is the incoming LS from SA5 into RAN2#69 in ref [1], R2-100888 (S5-094332), where SA5 asks for clarification of a previous RAN2 LS response, relating to a KPI to be potentially based on a L2 measurement, which are captured in ref [2] TS 36.314, under RAN2 control. 
At RAN2#69, two different LS responses to SA5 were proposed, one from Ericsson and one from Huawei. No agreement was reached, nor at the meeting neither in the following email discussion (titled [69#20] LTE: Throughput measurement (Ericsson) ).
This document attempts to provide a slightly more detailed analysis and background, and a DRAFT LS response is attached in [6]. 
2. RAN2 involvement
· According to the LS [1], a KPI has been agreed in SA5, defining “active time” throughput, where the “active time” is defined as the time from first piece of data in a data burst is transmitted to the time when last piece of data is transmitted. Also it is proposed that the last “TTI” shall be excluded by reducing the “active time” by 1ms, and removing the data volume transmitted in the last TTI (“active time” = ThpTime in the SA5 docs). 
· The LS [1] asks RAN2 if the detail proposed KPI definition is OK or not.

· In [3], TS 32.451, we can learn what are the overall intentions of the KPI e.g. 

“the E-UTRAN KPI shall be defined so that it indicates the E-UTRAN contribution to the end-user impact”

“The measurements shall be defined so that impact of file size is excluded. 

E.g. Current speed allows maximum 1 500 B per TTI:

1) Transfer time for 1 500 Byte is then 1 TTI.

2) Transfer time for 1 501 Byte is then 2 TTIs.

Hence the measurement can be size dependent, unless care is taken, even if the service is the same in both cases. Hence a method to exclude this is required.”
A point in the discussion: 
It has been proposed that SA5 shall define this KPI independently and that RAN2 shall not be involved. 
However, it is clear from the agreed work-split and procedure between SA5 and RAN2 on L2 measurements that RAN2 shall be involved and that L2 measurements shall be defined in 36.314. It is furthermore clear that the proposed KPI contains a lot of L2/L1 aspects, such as “active time” i.e. the time when transmission takes place, and the concept of TTI. Furthermore, it has been clarified in email discussions that it is required that throughput shall refer to actually transmitted and received bits, which only can be measured in the DL by taking ACKs (HARQ, RLC) into account, which are L2 concepts. 
Proposal 1: Confirm that RAN2 shall be involved in the definition of this KPI, in defining the L2 aspects. 
3. Technical analysis

3.1. KPI proposed definitions

The following SA5 definitions are copy-pasted from [1]: 
IP Throughput in DL
This measurement provides IP throughput in downlink (See section 5.3.1 in TS 32.451 and section 6.3.1 in TS 32.450 for detailed requirements and definition). It is obtained by the following formula for a measurement period.
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A sample for ThpVolDl is the data volume (IP packet) 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 TTI emptying the buffer).

A sample of “ThpTimeDl” for each time the DL buffer for one E-RAB is emptied. “-1” to exclude the TTIs emptying the buffer for one E-RAB.
IP Throughput in UL
This measurement provides IP throughput in uplink (See section 5.3.1 in TS 32.451 and section 6.3.1 in TS 32.450 for detailed requirements and definition). It is obtained by following formula
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A sample for ThpVolUl is the data volume (IP packet) in kbits received in UL for one E-RAB during a sample of ThpTimeUl. (It shall exclude the volume of the TTI emptying the buffer).

A sample of “ThpTimeUl” for each time the UL buffer for one E-RAB is emptied. “-1” to exclude the TTIs emptying the buffer for one E-RAB.
3.2. KPI Analysis
First, proposed definitions do not seem to capture the requirements correctly. 
According to [3] it is stated that “the E-UTRAN KPI shall be defined so that it indicates the E-UTRAN contribution to the end-user impact”. 
We note that in the LTE system the following L1/L2 behaviour is normal:
· Packets may be subject to queuing at ingress at high loads. 
· Packets are subject to HARQ retransmissions (part of normal link adaptation). 

We further note that the EUTRAN contribution to end user perceived throughput for a single data burst would be: V/T, where V is the data volume of the data burst and T(DL) is the time from a) the data enters EUTRAN up until b) the data is received by the UE, and vice versa for the UL. 

In the SA5 proposals, only transmission time is included (whatever that is). 

Proposal 2: In order to correctly represent end-user impact, the time for queuing and HARQ retransmissions must be included in the time for transmission, the active time, aka ThpTime. The reason for this is that both queuing and HARQ retransmission are normally occurring in the process of LTE transmission. 
Second, omit the last TTI
According to [3]: 

“The measurements shall be defined so that impact of file size is excluded. 

E.g. Current speed allows maximum 1 500 B per TTI:

3) Transfer time for 1 500 Byte is then 1 TTI.

4) Transfer time for 1 501 Byte is then 2 TTIs.

Hence the measurement can be size dependent, unless care is taken, even if the service is the same in both cases. Hence a method to exclude this is required.”
We note that this proposal to omit the last TTI seems to make very simplified assumptions regarding the nature of scheduling, link adaptation, HARQ etc. It seems to assume that the network will allocate MAX amount of resources to a single user for a certain file transmission, except for the “tail” part, and the wanted measurement is to measure the data rate associated with the said MAX amount of resources. 
We note that such assumptions are in general not true for a multi-user system. At busy hour, a particular user will have to share resources with other users for the whole/main part of the transmission. Note that contrary to some legacy systems (e.g. GSM GPRS), LTE allows that multiple users are scheduled at the same TTI and shares resources according to the scheduling decisions at eNB, and that the usage of this feature is regarded normally occurring.

E.g. transmission could start at the same time as another user is transmitting the last part of a file, thus the radio resource allocation of such a first transmission would then depend on the size of the “tail” for the transmission of another user. Also, if there are simultaneous transmissions, and one transmission is terminating (and transmitting its tail part), then the other transmission could be impacted by the change in available radio resources (i.e. including the impact of the “tail” of the other transmission). 
Thus, the end-user experienced bit-rate is not just dependent on the transmission of the tail of its own file/burst, but also dependent on transmissions of all other users that are scheduled in the cell at this time, including their tail-transmissions. 
We also note that the example to explain the requirement to omit the last TTI is chosen a bit strangely. What if there is a HARQ retransmission? (which is a normal event). Then the time would increase from 1ms to 9ms. Also the illustrative example seems very simplified.

Furthermore we note that the link adaptation of LTE is quite sophisticated, e.g. the decision to use MIMO transmission also involves the decision to reconfigure the UE to use comparably expensive Channel State feedback. It can be assumed that for small data bursts, the eNB would not enable MIMO transmission due to the overhead involved. Thus the usage of MIMO would typically be dependent on data burst size. 
Furthermore, the proposal to not include the last TTI seems to violate the intention to measure the end-user experience. Most applications would require all of the data in a burst, and excluding some if it would just make the measurement less accurate in measuring the end-user experience. 
Proposal 3: The proposal to omit the last TTI seems to be based on too simplified assumptions regarding scheduling and link adaptation for LTE. In a multi-user LTE system, the transmissions of different UEs are expected to share resources also in the same TTI, and the bit-rate of one user is anyway expected to be dependent on the data volume of himself and several multiple users, including the tail parts of their transmissions.
Third, implementation aspects of the proposal to omit the last TTI
The proposed implementation to “omit the last TTI” is to reduce the data volume with the volume transmitted at the last TTI, and reduce the active time, the ThpTime, with 1ms.  
We note that there is no attempt to avoid impact of multi-user scheduling and impact of transmission of other users transmission tail. 

We note that to avoid the impact of the own tail transmission, the current proposal seems not sufficient. Also HARQ retransmissions etc need to be taken into account, thus the time ThpTime would need further adjustment. The SA5 proposal is too simple. 
Furthermore, the proposal to omit the last TTI creates additional complexity as we have to introduce special rules for the cases when the transmit buffer can be emptied in one transmission. 
Proposal 4: The proposed implementation of the omission of the last TTI is not sufficient. If it would need to be implemented, at least HARQ and small bursts would additionally need to be taken into account.
Proposal 5: For the reasons mentioned, RAN2 recommends to abandon the proposal to omit the last TTI. 
4. Already Existing Measurements
We note the following requirements from [3]: 

“the E-UTRAN KPI shall be defined so that it indicates the E-UTRAN contribution to the end-user impact”
“The service provided by E-UTRAN for this KPI shall be delivery of IP packets.”

“The measurement shall be defined so that impact of burstyness on incoming data flow is excluded (i.e. time when the eNodeB does not have anything to transmit shall not be included in any calculations, see T_Idle in figure below).
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“The KPI shall be available per QoS group”. 

Exsisting measurements: 
There could be several methods to avoid taking into account “idle periods” (T_Idle above). One possible method is to count average bit-rate over a time period, and then divide it by an activity measurement, e.g. if average bit-rate is 100kbps, but the avg. activity during the time period is 20% (80% Idle time), then the resulting “active time” bitrate is 100/0.20 = 500kbps. 

We note that there already exist relevant measurements: 

Average_active_time_bit-rate_per_User_per_QCI = PDCP_SDU_bit-rate / Avg_no_of_active_UEs_per_QCI, where the PDCP SDU bit-rate is an existing SA5 measurement, defined in [5] TS 32.425, and Avg no of active UEs per QCI is an existing measurement, defined in [2] TS 36.314.
We think that the Average_active_time_bit-rate_per_User_per_QCI with the definition above, based on existing measurements, fulfills all the requirements listed above from ref [3] and it also takes into account the comments that are summarized in proposal 2. 

Proposal 6: It is proposed to indicate to SA5 that RAN2 would prefer to use existing measurements and principles as much as possible, and that SA5 should make an attempt to base the KPI on the existing measurements PDCP_SDU_bit-rate (32.425) and  Avg_no_of_active_UEs_per_QCI (36.314). 
During email discussion it was clarified that is was desired to increase the accuracy of the DL PDCP_SDU_bit-rate measurement to better represent what is actually transmitted over the air interface, e.g. by counting only fully acknowledged packets. 

Proposal 7: We could indicate to SA5 that new measurements can indeed be implemented, e.g. a DL PDCP_SDU_bitrate with better accuracy, but it should then be explicitly requested by LS. 
5. Conclusions
Proposal 1: Confirm that RAN2 shall be involved in the definition of this KPI, in defining the L2 aspects. 
Proposal 2: In order to correctly represent end-user impact, the time for queuing and HARQ retransmissions must be included in the time for transmission, the active time, aka ThpTime. The reason for this is that both queuing and HARQ retransmission are normally occurring in the process of LTE transmission.
Proposal 3: The proposal to omit the last TTI seems to be based on too simplified assumptions regarding scheduling and link adaptation for LTE. In a multi-user LTE system, the transmissions of different UEs are expected to share resources also in the same TTI, and the bit-rate of one user is anyway expected to be dependent on the data volume of himself and several multiple users, including the tail parts of their transmissions.

Proposal 4: The proposed implementation of the omission of the last TTI is not sufficient. If it would need to be implemented, at least HARQ and small bursts would additionally need to be taken into account. 

Proposal 5: For the reasons mentioned, RAN2 recommends to abandon the proposal to omit the last TTI.

Proposal 6: It is proposed to indicate to SA5 that RAN2 would prefer to use existing measurements and principles as much as possible, and that SA5 should make an attempt to base the KPI on the existing measurements PDCP_SDU_bit-rate (32.425) and  Avg_no_of_active_UEs_per_QCI (36.314).
Proposal 7: We could indicate to SA5 that new measurements can indeed be implemented, e.g. a DL PDCP_SDU_bitrate with better accuracy, but it should then be explicitly requested by LS.

Proposal 8: Agree on the Attached Draft reply LS. 
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