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1. Introduction
This document is an update of R2-086590, due to off-line discussions. Changes are highlighted in Yellow.
Node B L2 measurements for QoS performance observability were agreed at SA5#61, see Ref [1], S5-081883 (attached). Justification was provided discussed and agreed in ref[2] S5-081882 (attached). 

This document proposes updates to 36.314 to support the agreed measurements, except PRB usage measurement, that is already present in TS 36.314. Discussion on PRB usage measurement is provided in another document. 

2. Discussion

2.1
Cell PDCP SDU bit-rate
The measurements below was agreed in SA5: 
-
Average DL cell PDCP SDU bit-rate

-
Average UL cell PDCP SDU bit-rate

-
Maximum DL cell PDCP SDU bit-rate

-
Maximum UL cell PDCP SDU bit-rate

The intention is to measure bit rate at IP packet level for Data Radio Bearers at the PDCP upper service access point. We make the following observations:
· A difference between the Average bit-rate and the Maximum bit-rate is that the averaging period is different.
· The Average bit-rate measurement is done separately per QCI while the Maximum bit-rate measurement is a sum across all QCIs..

· There is no difference between the UL and the DL measurement (except that it is DL and UL).

ALTERNATIVE 1: Define a bit-rate measurement at the PDCP upper SAP according to the following two proposals. 

Proposal: To support the Average DL cell PDCP SDU bit-rate and Average UL cell PDCP SDU bit-rate  performance measurements, we propose to introduce the L2 measurement “PDCP SDU bit-rate per cell per QCI” in TS 36.314, according to attached text proposal. 

Proposal: To support the Maximum DL cell PDCP SDU bit-rate and Maximum UL cell PDCP SDU bit-rate  performance measurements, we propose to introduce the L2 measurement “PDCP SDU bit-rate per cell” in TS 36.314, according to attached text proposal.

DISCUSSION: It was proposed off-line that the bit-rate should be measured at the MAC upper SAP instead of the PDCP upper SAP. The reason is that, for the DL, it was felt important to measure the Uu transmit Data Rate instead of received Data-rate over S1. These data Rates would be different due to: 
a) packet dropping 

b) eNB buffering (buffers may increase/decrease during the time of the measurement). 
The significance of the two above factors was also discussed, and is not completely clear.

A MAC SAP measurement would not include RLC AM retransmissions, but could include RLC/PDCP headers, as including the headers would make a difference that is <1% for large packets and <5% for small packets. 
ALTERNATIVE 2:
Proposal: Define bit-rate measurements at MAC upper SAP, that do not include RLC retransmissions in the DL, and that do not include RLC or PDCP control signaling, but that do include RLC and PDCP headers. 

2.2
Average Cell all TX bit-rate
The measurements below was agreed in SA5
-
Average DL cell all Tx bit-rate

-
Average UL cell all Tx bit-rate

These measurements are proposed to measure bit-rate at PDCP upper SAP + number of retransmitted bits. It is not completely clear how to use this measurement. 
Proposal RAN2 to discuss and decide how to proceed with these measurements.
2.3
Average number of active UEs per QCI. 
The measurements below was agreed in SA5

· Average number of active UEs per QCI on the DL

· Average number of active UEs per QCI on the UL
This measurement is intended to reflect the number of UEs for which there is data in the buffers. The principle of the measurement was described in SA5: at sampling occasions the no of active UEs are counted, and then an arithmetic average of the measurement samples is done for all samples in an averaging / measurement time period. 
Open Issues that are applicable to both the UL and DL measurement: 

1. The measurement should count the number of UEs for which there is “buffered data”. What should be the definition of “buffered data”? For the current functionality of BSR reporting for the UL the concept of data available for transmission has been defined in RLC TS 36.322 and PDCP TS 36.323, which includes data for new transmissions, and data for retransmissions. 

Proposal: For the detail definition of “buffered data” for the DL, we refer to the definitions of data available for transmission in RLC TS 36.322 and PDCP TS 36.323. For the detail definition of “buffered data” for the UL we refer to the expected usage of Buffer Status reporting (which in turn in TS 36.321 already refers to the definitions of  data available for transmission).
2. The above definition of “buffered data” does not include data buffered in MAC, e.g. for HARQ. So, should also UEs, for which HARQ transmission is ongoing (has not terminated) be included and counted as “active”? In many cases the buffering time in MAC for HARQ transmission may indeed be a significant part of the total buffering time, e.g. at low load, for high priority data, for SPS scheduled data. For SPS data it is possible to pre-prepare for transmission and do main part of buffering time in MAC, so not taking it into account might lead to e.g. that SPS scheduled UEs might almost never be reported to be active. 
     However, at high load and for non-real-time traffic the MAC buffering could be expected to be a very small part of total buffering, so for these cases, we assume that adequate accuracy is achieved also without taking into account data buffered in MAC. 
     However2, as stated in S5-081882, a purpose with this measurement is to be able to calculate "bitrate per active UE per QCI" = "PDCP SDU Bitrate per QCI per Cell" DIV "No of active UEs per QCI per Cell", which means that the absolute value of the measurement need to be fairly correct. Not counting MAC buffered data could make the calculated "bitrate per active UE per QCI" very inaccurate for some QCIs (typically VoIP or similar)

Proposal: RAN2 to discuss and agree if “buffered data” shall include also data buffered in MAC or not, e.g. for ongoing HARQ transmission. The attached text proposal assumes that “buffered data” includes data buffered in MAC.
3. How often should this measurement be done? i.e. how often do we need to count number of active UEs per QCI? From ref [2], we learn that one usage of this measurement is to be able to calculate bitrate per active UE per QCI, i.e. the bit-rate the UE achieves in average at the times when he is transmitting/receiving. Thus the relative accuracy seems important. If the “avg no of active UEs”-measurement is 50% wrong the “bit-rate per active UE” calculation will be 50% wrong.  

We could assume that the relative accuracy of the measurement is dependent on

· The number of UEs using the cell (i.e. dependent on deployment: cell size, user distribution etc). If the number of UEs is large, it is more likely that a certain measurement sample is a good statistical representation of the actual situation. If the number of UEs is small, it is less likely that a certain measurement sample is a good representation (i.e. deviation is larger).
· Burstiness of the traffic and the periodicity of sampling occasions. If traffic is very bursty, i.e. there are few bursts with long time between bursts, it is less likely that a certain measurement sample is a good statistical representation of the actual situation. If the traffic is less bursty, i.e. many bursts with short time between the bursts it is more likely that a certain measurement sample is a good representation.

· Observation and averaging time: For OAM performance measurements, measurement time is usually 5 – 30 minutes. 

Proposal: Sampling periodicity shall be configurable, i.e. mentioned in 36.314 as a parameter. 
Proposal: A sampling period of 10s would provide 30 samples for averaging for each 5 minute interval.  The following value range is proposed: [0.1s, 0.2s, 0.5s, 1.0s, 2.0s, 3.0s, 5.0s, 10.0s]
For the DL, Queues are easily observed in the Node B, although DL queues are not modeled in detail in the standard. So for the DL, accuracy is expected to be good, although in principle implementation dependent. 

For the UL, Queues are not equally easily observed, especially per QCI. Observations are expected to not be as accurate as for DL. 
There are several mechanisms that could be expected to be used by the Node B scheduler to estimate the UL queuing situation in the UEs: 

· UE report buffer queue status (buffer status report, BSR) by MAC signaling. 
· Node B could estimate the actual buffer status, by making conclusions from received data and padding (end of data). 

There are several factors that would contribute to inaccuracy of the UL per-QCI measurement:
4. There is a delay from the time when data is present in the UE until a BSR is received by the Node B. Thus at a certain point in time a UE could have buffered data, but the Node B has not yet been informed. This delay could be more or less significant depending on the UE configuration and e.g. on the cell load.

Proposal: For Rel-8 we ignore this factor of inaccuracy and do not specify any particular behavior (i.e. Node B could, but is not required to estimate BSR delays and compensate for that).
5. BSR signaling is sometimes insufficient for providing information for this measurement: BSR contents do generally not reflect buffer status per QCI-queue but instead per group of QCI-queues (LCG – logical channel group), so in the general case, the QCI would have to be determined after reception of the actual data that was subject to BSR reporting. Especially in cases when UE has many Data Radio Bearers established, several of them need to be mapped to the three available groups (there is four available groups, but it could be assumed that one is used for signaling). 
     It has also been discussed an alternative approach based on the following: When BSR indicates data available for a certain LCG, consider that data is available for all QCIs mapped to the LCG. 
     This approach is simple, possibly useful for comparative analysis, and accurate at situations when single QCIs are mapped to each LCG. However, at situations when multiple QCIs are mapped to one LCG this approach would lead to wastly exaggerated measurement results for some QCIs, making the calculated "bitrate per active UE per QCI" completely misleading for those QCIs. 

Proposal: For Rel-8 we specify that if QCI cannot be determined at the time of the sampling occasion, it is expected that QCI is determined after successful reception of data.
6. BSR signaling is sometimes insufficient for good accuracy: If multiple applications are active simultaneously, i.e. when multiple queues are being filled, BSR is not triggered every time there is new data, and it could be difficult to estimate exactly which QCI-queues that contain data at a given point in time. However, for the most common case of only one application being active at one point in time, this effect should be small.

Proposal: For Rel-8 we ignore this factor of inaccuracy and do not specify any particular behavior. 
Proposal: To support the above performance measurements, we propose to introduce the L2 measurements “Average number of active UEs on the DL per QCI”, and  “Average number of active UEs on the UL per QCI” in TS 36.314, according to attached text proposal.

 2.4
Average DL PDCP SDU delay 
The interpretation of the measurement and its implementation is quite straight-forward. 

Proposal: Dropped packets are not taken into account at all. 

Proposal: To support this performance measurements, we propose to introduce the L2 measurements “Average Packet Delay in the DL per QCI ” in TS 36.314, according to attached text proposal.
2.5
DL PDCP SDU drop rate 
In the measurement definition agreed by SA5, the measurement includes only drop due to congestion and flow control, i.e. radio data loss is not included. 
Proposal: To support this performance measurements, we propose to introduce the L2 measurements “Average Packet Discard Rate in the DL per QCI ” in TS 36.314, according to attached text proposal.
3. Conclusions
See proposals above. 
4. References

[1]

S5-081883, 
Cell level QoS related measurements.
[2]

S5-081882, 
Use case for monitor of QoS in a cell

[3]

TS 36.314 v010
4.2.x
PDCP SDU bit-rate per cell
The objective of this measurement is to measure cell bitrates on the level of the L2 user for OAM observability.  
4.2.x.1
PDCP SDU bit-rate per cell per QCI
Protocol Layer: PDCP
	Definition
	PDCP SDU bit-rate per cell per QCI. This measurement is applicable to all Data Radio Bearers. The reference point is the Service Access Point provided by PDCP to upper layers. The measurement is done separately for: 

· DL, per QCI
· UL, per QCI
Detailed Definitions:
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PDCP SDU bit-rate per cell per QCI. Unit: Integer kbit/s.
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A PDCP SDU for a Data Radio Bearer of traffic class with QCI = 
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 transferred across the PDCP upper SAP during time period 
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Data volume of PDCP SDU 
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. Unit: Bits.
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Time Period during which the measurement is performed, Unit: second.




NOTE: For the DL the incoming data rate on S1 is measured. It includes also data that is later lost, and data that has been received over S1 but not yet transmitted over the air interface during the measurement time period. For the UL, the measurement includes correctly received PDCP SDUs, for which the final piece of the PDCP SDU was received during the measurement time period.
4.2.x.2
PDCP SDU bit-rate per cell

Protocol Layer: PDCP
	Definition
	PDCP SDU bit-rate per cell. This measurement is applicable to all Data Radio Bearers. The reference point is the Service Access Point provided by PDCP to upper layers. The measurement is done separately for: 

· DL

· UL

Detailed Definitions:
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PDCP SDU bit-rate per cell.
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PDCP SDU bit-rate per cell per QCI..



4.2.y
Number of active UEs
The objective of the measurement is to measure number of active UEs per QCI for OAM performance observability. It is intended to be part of a calculation to determine the bitrate UEs achieve when they are active, i.e. when applications are transmitting and receiving data. 
4.2.y.1
Average number of Active UEs in the DL per QCI
Protocol Layer: MAC, RLC, PDCP
	Definition
	Average number of Active UEs in the DL per QCI. This measurement refers to UEs for which there is buffered data for the DL for DRBs. The measurement is done separately per QCI. 
Detailed Definition:
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Average number of Active UEs in the DL per QCI. Unit: Integer.
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Number of UEs for which there is buffered data for the DL in MAC, RLC or PDCP protocol layers for a Data Radio Bearer of traffic class with QCI = 
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 at sampling occasion 
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.
In RLC and PDCP layers, buffered data shall correspond to data available for transmission according to the definitions in TS 36.322 and TS 36.323. 
For the MAC layer, buffered data shall include data for which HARQ transmission has not yet terminated.
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Sampling occasion during time period 
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. A sampling occasion shall occur once every 
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 seconds.
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Sampling period length. Unit: second. The following values shall be supported: [0.1s, 0.2s, 0.5s, 1.0s, 2.0s, 3.0s, 5.0s, 10.0s]
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Total number of sampling occasions during time period  
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Time Period during which the measurement is performed, Unit: second.




4.2.y.1
Average number of Active UEs in the UL per QCI
Protocol Layer: MAC
	Definition
	Average number of Active UEs in the UL per QCI. This measurement refers to UEs for which there is buffered data for the UL for DRBs. The measurement is done separately per QCI. 
Detailed Definition:
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Average number of Active UEs in the UL per QCI. Unit: Integer.
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Number of UEs for which there is buffered data for the UL in MAC, RLC or PDCP protocol layers for a Data Radio Bearer of traffic class with QCI = 
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 at sampling occasion 
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.
This is a Node B estimation that is expected to be based on Buffer Status Reporting, analysis of received data and progress of ongoing HARQ transmissions.
For the MAC layer, buffered data shall include data for which HARQ transmission has not yet terminated.
When QCI cannot be determined at the time of the sampling occasion, it is expected that QCI is determined after successful reception of data.
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Sampling occasion during time period 
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. A sampling occasion shall occur once every 
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 seconds.
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Sampling period length. Unit: second. The following values shall be supported: [0.1s, 0.2s, 0.5s, 1.0s, 2.0s, 3.0s, 5.0s, 10.0s]
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Total number of sampling occasions during time period  
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Time Period during which the measurement is performed, Unit: second.



NOTE: for this measurement, the inaccuracy can be significant, depending on application scenario, cell load and UE configuration. 
4.2.z
Packet Delay
4.2.z.1
Average Packet Delay in the DL per QCI
The objective of this measurement is to measure L2 Packet Delay for OAM performance observability. 
Protocol Layer: MAC, RLC, PDCP
	Definition
	Average Packet Delay in the DL per QCI. This measurement refers to packet delay for DRBs. For arrival of packets the reference point is PDCP upper SAP. For successful reception the reference point is MAC lower SAP or RLC. The measurement is done separately per QCI. 

Detailed Definition:
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Average Packet Delay in the DL per QCI. Unit: Integer ms.
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The point in time when PDCP SDU 
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 arrives. 
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The point in time when HARQ acknowledgement or RLC acknowledgement for the last piece of PDCP SDU 
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 has been received, whichever occurs first. 
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A PDCP SDU that arrives at the PDCP upper SAP during time period 
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. PDCP SDU for which neither HARQ Acknowledgement nor RLC acknowledgement is received for all parts shall not be included in the calculation. 
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Total number of PDCP SDUs 
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Time Period during which the measurement is performed




4.2.w
Data Loss
4.2.w.1
Average Packet Discard Rate in the DL per QCI
The objective of this measurement is to measure packets that are dropped due to congestion, traffic management etc, for OAM performance observability. 
Protocol Layer: MAC, RLC, PDCP
	Definition
	Average Packet Discard Rate in the DL per QCI. This measurement refers to discard for DRBs. One packet corresponds to one PDCP SDU. The reference point is PDCP upper SAP. The measurement is done separately per QCI. 

Detailed Definition:
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Average Packet Discard Rate in the DL per QCI. Unit: number of discarded packets per millon packets, Integer. 
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Number of DL packets, for which no part has been transmitted over the air, of a data radio bearer with QCI = 
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 , that are discarded during time period 
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 in the PDCP, RLC or MAC layers due to reasons other than hand-over.
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Number of DL packets of bearer with QCI = 
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 that has entered PDCP upper SAP during time period 
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Time Period during which the measurement is performed, Unit: s.
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