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Discussion and Decision
1
Introduction
This email discussion is intended to address whether Scheduled IP Throughput measurements for MDT should be performed per RAB, per QCI, or per UE.  The goal is to try and determine how to best calculate Scheduled IP Throughput in order to achieve the MDT use case, e.g. whether the current definition in TS 36.314 [1] can satisfy the MDT use case or whether modifications are needed.

The deadline of this email discussion is May 10th, 23:59 Pacific time.  

2
Discussion
RAN2 has agreed to support a throughput measurement for QoS verification, which is captured in stage 2 as follows [6]:  
· For the user QoS experience use case, throughput measurement where the radio interface is the bottleneck link is supported. 

· For LTE: The ‘scheduled IP throughput’ measurement (as defined in TS 36.314) in the eNB is used for defining the MDT throughput measurement.

One open issue is whether the throughput should be measured at the RAB-level, QCI-level, or UE-level.  This was discussed at RAN2#77bis based on [2], [3], and [4], but no conclusion could be reached.
For the purposes of this email discussion, the following terminology is used:
RAB-level
A measurement granularity where a sample is obtained each time the transmission buffer for one E-RAB is emptied; the data volume corresponds to one E-RAB.
QCI-level
Two methods for computing a QCI-level measurement have been discussed:


Method 1: The “per QCI per UE” Scheduled IP Througput measurement as currently defined in [1], where a sample is obtained each time the transmission buffer for one E-RAB is emptied, and then samples for E-RABs having the same QCI are concatenated to achieve a per QCI measurement.
Method 2: A measurement granularity where a sample is obtained each time the transmission buffers for all E-RABs having the same QCI are emptied; data volumes across all E-RABs having the same QCI are aggregated.
UE-level
A measurement granularity where a sample is obtained each time the transmission buffers for all E-RABs are emptied; data volumes across all E-RABs are aggregated.
An illustration of the above is shown in Appendix A (including the difference between Method 1 and Method 2 for the QCI-level measurement).  
2.1
Open Issues
Question #1: For assessing the throughput when the radio interface is the bottleneck for the User QoS Experience use case, should Scheduled IP Throughput be measured:
a) at the RAB-level

b) at the QCI-level (if so, please indicate how – e.g. Method 1 or Method 2), or
c) at the UE-level
Please provide your company view in Table 1, along with a brief explanation.

Table 1: Company views on Question #1
	Company
	Preference:
RAB / QCI / UE
	Brief Explanation / Comments

	MediaTek
	UE, 

QCI method 2, or

RAB

	At non-congestion, measurement result is easiest to interpret in complex traffic cases with a per UE measurement as it will show the restriction of the air interface, RRM and UE capabilities at the UE location, and that this would reduce drive test best.

Assuming that one single QoS class or RAB is dominating the bitrate at each measurement interval, also per QCI or per RAB measurement could be used with the same interpretation (ignoring non-dominating samples). We think that there will be a significant number of UEs, where one RAB or QoS class is indeed dominating the throughput, and for MDT it would be possible to gather useful samples also if the measurement is per QCI or per RAB.
However, the per QCI-calculation method 1, in [1], is basically a per RAB measurement that is concatenated such that it cannot be determined if the result reflects air interface performance or not, which we think is important for drive test (and MDT). It would be better to just log measurements per RAB or log per QCI measurement according to method 2.
In case the current measurement in TS 36.314 would be reused as is, i.e. “per QCI method 1”, we think that in order to interpret the results for MDT when multiple RABs are configured, we think that it should be indicated how many RABs that has contributed to the measurement result or been active during the measurement period.

	Nokia Siemens Networks
	UE,
QCI method 1 (if QCI needed)
	When the UE is configured with multiple RABs, the UE-level measurement best reflects the total throughput when the air interface is the bottleneck.  It is also easily implemented by the eNB.

In addition to the UE-level measurement, it may also be useful to report the number of RABs which contributed to the measurement, and their respective QCI values.  This additional information could be considered in the post-processing algorithms (e.g. if it is desired to handle measurements that include any GBR bearers differently than measurements that include only non-GBR bearers, etc.).
If a QCI-level measurement is needed (in addition to UE-level), method 1 seems more useful than method 2 since it provides an average throughput for RABs having a given QCI (i.e. removes dependency on the number of RABs having the same QCI).

	Ericsson
	RAB
	User data is carried by each RAB. The RAB-level measurement will reflect user experience directly as each RAB has its own distinctive QoS requirements.

To support the use case user experience, the QCI-level measurement doesn't make much sense, even would be misleading sometime. For example, assume two GBR bearers have the same QCI, but one has a GBR of 10,000 bps and the other has a GBR of 5,000 bps. When the QCI-level measurement is 8,000 bps, one doesn't know if expected QoS (throughput) is met or not for the two bearers. Maybe QoS is not met for both bearers, or maybe QoS is not met for only one bearer, or maybe QoS is met for both bearers.

	HW/HiSilicon
	RAB, 

QCI method 2 (if QCI needed)


	The scheduled IP throughput can be used to find the throughput of the radio bottleneck for both the user experience when multiple users share the resources of the cell (Scenario 1) and the capacity of a particular location in a cell when it is not limited by sharing resources between multiple UEs (Scenario 2). 

The network will typically map one service to one RAB, or several RABs with different QCI, e.g. picture and voice in one video, the UP part of application and CP part of application in one application. It should know the user experience based on the RAB.

RAB scheduled IP throughput also gives a radio bottleneck measurement that is independent of the RAB pattern. The QCI-level measurement depends on how the transmissions in different RABs are scheduled relative to each other, which makes the results harder to interpret. E.g. case 1.1 and case 1.2 give the same user experience but different QCI scheduled IP throughput based on method 2, and case 2.1 and case 2.2 give different QCI scheduled IP throughput based on method 1, but same radio condition.

If QCI-level measurement would be supported we think method 2 would be preferable since it reflects the throughput of the radio bottleneck in a better way.

Note: added the detailed parts into the appendix B.


	AT4 wireless
	RAB, UE
	Real time services such as voice and video conversations or online gaming have different performance requirements than those for TCP based or buffered applications. 

Network operators would usually map each of these services into different RABs.  The user experience will depend on each service experience, and not on the aggregated experience. For example, one user is downloading a file while keeping a voice conversation. If the MOS for the voice conversation is poor and the file download is still fair, the user may claim that his/her user experience is poor. RAB level will reflect therefore the required experience granularity.

At non-congested and one-single-UE cell scenarios, where the goal is to capture the cell coverage and capacity, UE-level measurements would be best suited to capture the required information.



	NTT DOCOMO, INC
	RAB, (UE)
	(1)  The case where two different E-RABs are assigned with the same QCI is typically the case where UE receiving different services from two different PDNs. In this case, the observation interest wrt. user experience is the throughput of each service, i.e., E-RAB.
For multiple RAB cases, other QoS parameters known in the eNB, i.e., QCI, GBR value should also be logged and reported to the TCE to help identifying QoS characteristics of each E-RAB. (Especially if we are going to use the same measurement formulation for GBR and Non-GBR bearer).
(2)  We also agree that when radio interface is the bottleneck, it would be beneficial to understand UE-level throughput measurement.
In addition to that, UE measurement that would help to verify whether the achieved throughput is relevant to the radio condition, e.g, channel state information (CQI, RI) should also be included.

For UE-level throughput measurement, the level of measurement accuracy (calculation as in appendix A vs. concatenation of per RAB result) may not be such a big problem as long as the network can verify whether the achieved throughput is relevant to the radio condition.

	LG Electronics
	RAB
	We think throughput measurement other than RAB level throughput does not need to be defined. User QoS experience is directly mapped to RAB level QoS, and thus RAB level throughput measurement is inevitable. And once the RAB level throughput is obtained, other throughput can be easily obtained (directly or indirectly) from the RAB level throughput.
For example, the QCI level throughput can be calculated as simple summation of RAB level throughput, considering that the logical channels of equal priority are served almost equal. That is, Thp_QCI = Thp_RAB1 + Thp_RAB2.
The UE level throughput can also be simply calculated as [total volume in the measurement period / measurement period], where the total volume is the sum of the data volume of each RAB.

	CATT
	RAB, 

QCI method 2 (if QCI needed)
	For each user data obtained per RAB in the eNB, the RAB-level is the simplest method which needs lowest complexity. 

As an enhancement based on the RAB-level, to reflect the bottleneck of different traffic types, it may be useable to distinguish the throughput among different QCIs.
If the transmission of RABs having the same QCI unoverlapped, QCI method 1 and 2 have no difference, but if at least 2 RABs overlapped, the QCI method 1 will use a longer time as the denominator for the throughput calculation. In our understanding, the result which adding the duplicate timer could only reflect the average throughput of each RAB belong to the same QoS level, but it is inappropriate for the MDT IP throughput which purpose is to get the bottleneck of the air interface. 

For example, assume two GBR bearers have the same QCI, but one has a GBR of 10,000 bps and the other has a GBR of 5,000 bps. 
· If the two user data are totally overlapped, to use QCI method 1, the QCI-level measurement is 7,500 bps; to use QCI method 2, the QCI-level measurement is 15,000 bps;

· If there is no overlap between the two user data, to use QCI method 1 or 2, the QCI-level measurement is always 7,500 bps.

It could be observed that QCI method 2 could preferable reflect the overall throughput of this QoS level within a period for MDT purpose.

Therefore, QCI method 2 could be an optimization if QCI-level result needed.

	Hitachi
	RAB
	Considering the objective of this throughput measurement where the radio interface is the bottleneck link, it is important to reflect user’s QoS experience. Since user’s experience depends on experience in each serice (i.e. each RAB), we think that the per-RAB throughput measurement is straightforward.

Rergarding per-QCI and per-UE throughput measurements, they could be defined if network operators want to investigate them and have concern on just concatenating per-RAB measurements, but we are not confident in the need to define them.

	Samsung
	QCI – method 2
	We prefer QCI – method 2.

We think that it seems significant to monitor throughput performance for different QCIs. For example, with QCI-level, we can distinguish between GBR and non-GBR traffic. It would help to investigate QoS verification.

With QCl-level, we can consider two methods, introduced in the email discussion. Intuitively, it somewhat seems difficult to say that method 1 can express the definition of throughput we have used in general, even though method 1 corresponds to the definition in TS36.314. In other words, although we calculate a throughput in QCI-level, why should we consider transmission time not excluding the overlapped time per RAB? It results in lower throughput performance than we expected. Accordingly, if we go to QCI-level approach, we prefer method 2. 

	Telecom Italia
	RAB, UE
	For the purpose of reflecting the user experience when multiple services/applications are active at the same time, the RAB-level measurement is the most appropriate. From a complexity point of view it seems there is no big difference, as for all the cases the monitoring of the data should be performed at the transmission buffer level for each E-RAB.
UE-level Thp could be useful to address the monitoring of QoS vs radio conditions / overload and should be supported as the extra complexity is negligible.

	CMCC
	RAB,UE
	From user experience point of view, it is RAB throughput that directly reflects user perceived QoS, whereas QCI/UE level throughput may obscure it. 

But when radio interface is the bottleneck, it is desirable to have a view about the throughput across all RABs. UE level throughput can accurately reflect the real situation, however if we calculate the throughput by aggregating the throughputs of all RABs, the result may be misleading.An example is illustrated in the following figure. The figure shows three RABs: RAB1, RAB2 and RAB3. RAB2 and RAB3 are totally overlapped, while RAB1 is not overlapped with them. 

The UE-level throughput is (4 + 4 + 4)/(1 + 2) =4,  and the throughput by aggregating the throughputs of all RABs is 4/1 + 4/2 + 4/2 = 8. Therefore, it is better to have a UE-level throughput.  
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	Kyocera
	RAB, QCI method 2 (if QCI is needed)
	We have the same view as several of the companies above that the RAB-level throughput is mainly what is needed to realize user’s QoS experience. And if we do decide to go with QCI-level throughput our preference would be for method 2.

	ZTE
	RAB, UE
	For the user QoS experience use case, we prefer the RAB level measurement. Because different services will be mapped to different RAB, the low throughput of any RAB will cause a negative impact on the user experience even when the QCI level throughput is high.

For the congestion detection use case, considering the UE level measurement can not be derived by the RAB/QCI level measurement and it will be difficult to use the RAB/QCI level measurement in the congestion detection use case, we prefer the UE level measurement. Only the UE level measurement can show the total Scheduled IP throughput in the air interface, which can be used to estimate whether the congestion occurs or not,


2.2
Rapporteur’s Summary
Fourteen companies participated in the email discussion.

A large majority of companies expressed support for a RAB-level measurement.  It was viewed as having a service level granularity which best reflects user experience.  In addition, it was commented (or appeared to be assumed by the comments) that the TCE would be aware of at least some of the QoS characteristics of the RAB, in particular the QCI value.
Based on this, the rapporteur proposes the following:

Proposal 1:
Scheduled IP Throughput at RAB-level (i.e. per RAB per UE) shall be supported for the MDT QoS verification use case.  The QCI value associated with the RAB is also reported.
In addition, seven companies (including all 3 operators) expressed support for a UE-level measurement.  Supporting companies viewed the per-UE measurement as useful when the UE is configured with multiple RABs, in order to have a view of the combined throughput across all RABs.
Based on this, the rapporteur proposes the following:

Proposal 2:
Discuss whether Scheduled IP Throughput at UE-level shall be supported for the MDT QoS verification use case.
There was very little support for a QCI-level measurement.
3
Conclusion
Based on the comments from fourteen companies during the email discussion, the rapporteur proposes the following:
Proposal 1:
Scheduled IP Throughput at RAB-level (i.e. per RAB per UE) shall be supported for the MDT QoS verification use case.  The QCI value associated with the RAB is also reported.

Proposal 2:
Discuss whether Scheduled IP Throughput at UE-level shall be supported for the MDT QoS verification use case.
A
Appendix
Figure 1 below illustrates an example where there are 3 RABs.  During measurement period n, there are two data bursts on RAB1, one data burst on RAB2, and one data burst on RAB3. QCI X is associated with RAB1 and RAB2, while QCI Y is associated with RAB3.
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Figure 1: Example of Scheduled IP Throughput, 3 RABs and 2 QCI
Assuming the above, the value(s) for Scheduled IP Throughput for measurement period n would be as follows:
RAB-level:
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QCI-level:

Method 1 – Same calculation as the current per QCI calculation in [1] (i.e. per-RAB measurements are concatenated).

QCI X = 
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QCI Y = 
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Method 2 – RABs having the same QCI are treated (for the purposes of Scheduled IP Throughput calculation) as if they share a single transmission buffer (note: this is only a calculation model, which is not intended to impose any restriction/assumption on implementations).

QCI X = 
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QCI Y = 
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UE-level: 
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Note that a QCI or UE-level measurement sample cannot be derived from RAB-level measurement samples, except in special cases.
B
Appendix
Scenario 1: multiple UEs share the air interface resource; it means the ENB has to balance the radio resource usage among the multiple UEs based on the GBR and scheduling strategy. (Balance among different UEs is needed and throughput is limited due to the channel condition and scheduling strategy. This Scenario can give more radio bottleneck finding for the user experice.)
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Figure 2: multiple UEs share the resource

Case1.1: the measurement period is 3T. the UE1 has two RABs i.e. RAB1 and RAB2, both of them belong to one QCI, e.g. QCI X. the GBR of RAB1 is 500 (omit the unit). The GBR of RAB1 is 1000(omit the unit).
The data arrival pattern of RAB 1 and RAB 2 are totally interleaved.
There is no overlap of the active time between RAB1 and RAB2. Considering the GBR, and user experience, the ENB will schedule the data of RAB1 in 2T period and the ENB will schedule the data of RAB2 in T period.
RAB1:  Scheduled IP throughput= V/ (2T)
RAB2:  Scheduled IP throughput= V/T
Method1: QCI X:  Scheduled IP throughput= (V+V)/ (2T+T) =2V/3T
Method2: QCI X:  Scheduled IP throughput= (V+V)/ (2T+T) =2V/3T

[image: image12.emf]GBR=500

GBR=1000

GBR=500

GBR=1000

T T T T T T T

RAB 2

Date in buffer

RAB 1

Date in buffer

Time 

Time 

Measurement period Measurement period


Figure 3: case 1.1

Case1.2: the measurement period is 3T. the UE1 has two RABs i.e. RAB1 and RAB2, both of them belong to one QCI, e.g. QCI X. the GBR of RAB1 is 500 (omit the unit). The GBR of RAB1 is 1000(omit the unit).
The data arrival pattern of RAB 1 and RAB 2 are totally overlapped.
There is lots overlap of the active time between RAB1 and RAB2. Considering the GBR, and user experience, the ENB will schedule the data of RAB1 in 2T period and the ENB will schedule the data of RAB2 in T period.
RAB1:  Scheduled IP throughput= V/ (2T)
RAB2:  Scheduled IP throughput= V/T
Method1: QCI X:  Scheduled IP throughput= (V+V)/ (2T+T) =2V/3T
Method2: QCI X:  Scheduled IP throughput= (V+V)/ (2T) =V/T

[image: image13.emf]GBR=500

GBR=1000

GBR=500

GBR=1000

T T T T T T T

RAB 2

Date in buffer

RAB 1

Date in buffer

Time 

Time 

Measurement period Measurement period


Figure 4: case 1.2

Scenario 2: single UE uses the air interface resource; it means the UE can use all radio resource in this period to schedule the data in this UE. (No balance among different UEs is needed but throughput is totally limited due to the radio channel condition. This Scenario can give more radio bottleneck finding for the partitular cell.)
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Figure 5: single UE uses the resource

Case2.1: the measurement period is 3T.  the UE1 has two RABs i.e. RAB1 and RAB2, both of them belong to one QCI, e.g. QCI X. the GBR of RAB1 is 500 (omit the unit). The GBR of RAB1 is 1000(omit the unit).
The data arrival pattern of RAB 1 and RAB 2 are totally interleaved.
There is no overlap of the active time between RAB1 and RAB2. Due to no resource competition with other UE, the ENB will schedule the data of RAB1 in T/2 period and the ENB will schedule the data of RAB2 in T/2 period.
RAB1:  Scheduled IP throughput= V/ (T/2) =2V/T
RAB2:  Scheduled IP throughput= V/ (T/2) =2V/T
Method1: QCI X:  Scheduled IP throughput= (V+V)/ (T/2+T/2) =2V/T
Method2: QCI X:  Scheduled IP throughput= (V+V)/ (T/2+T/2) =2V/T
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Figure 6: case 2.1
Case2.2: the measurement period is 3T. the UE1 has two RABs i.e. RAB1 and RAB2, both of them belong to one QCI, e.g. QCI X. the GBR of RAB1 is 500 (omit the unit). The GBR of RAB1 is 1000(omit the unit).
The data arrival pattern of RAB 1 and RAB 2 are totally overlapped.
There is lots overlap of the active time between RAB1 and RAB2. Due to no resource competition with other UE, the ENB will schedule the data of RAB1 and RAB together in T period.
RAB1:  Scheduled IP throughput= V/ (T) =V/T
RAB2:  Scheduled IP throughput= V/ (T) =V/T
Method1: QCI X:  Scheduled IP throughput= (V+V)/ (T+T) =V/T
Method2: QCI X:  Scheduled IP throughput= (V+V)/ (T) =2V/T
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Figure 7: case 2.2
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