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Introduction
In the last RAN2#72 meeting, several TDocs were contributed to the topic of L2 measurements with respect to the presence of relays in a donor cell and WG2 had an agreement that “The L2 measurements performed by the RN should be the same L2 measurements as performed by any other eNB, without any consideration of the Un link”. However whether we need more enhancements/changes for the Un is for further study [2].

The following L2 measurements are currently defined in TS 36.314 [1].

PRB usage: The objective of the PRB usage measurements is to measure usage of time and frequency resources. The use cases are cell load balancing, and OAM performance observability.
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. 
Packet Delay: The objective of this measurement is to measure L2 Packet Delay for OAM performance observation. 
Packet Loss Rate: The objective of this measurement is to measure packets that are lost at Uu transmission, for OAM performance observability.
Packet Discard Rate: The objective of this measurement is to measure packets that are dropped due to congestion, traffic management etc, for OAM performance observability.
With the introduction of relay in release-10, these measurements at DeNB may not provide the intended objectives. In this document, we will discuss the limitations of the current L2 measurements at DeNB and propose a way forward.

[bookmark: _Ref251063702]Discussion
DeNB L2 measurements for DeNB UEs and RNs

The current L2 measurements [1] which are intended for R9 eNBs, appear to work fine for RNs. But at the DeNB, since it serves two kinds of traffic, i.e. the traffic to the RNs and the traffic to DeNB UEs, having different characteristics and using different resource allocations, a combined measurement on these two different traffic types may obscure problems that only exist to one traffic type.

Packet Delay and Packet Discard Rate measurements are used to determine cell congestion. If we have a combined measurement for DeNB UEs and RNs at the DeNB, these measurements may not provide information that will support the intended measurement objectives due to Un sub-frame partitioning. It is possible the DeNB transmission to RNs may experience congestion while the DeNB UEs are not experiencing congestion.   The combined measurement could potentially hide the congestion that only exists for the RNs and vice versa. Therefore if the Packet Delay and Packet Discard measurements are common to DeNB UEs and RNs, congestion may not be properly detected.

Similarly for the Packet Loss Rate measurement, it is possible there are significantly different results for DeNB UEs and for RNs. For example, the RNs could be installed with LOS and directional antennas, and would potentially have significantly lower packet loss rate than for the DeNB-UEs. In this case, a high packet loss rate for DeNB-UEs may be undetected if combined and averaged with the potentially lower packet loss rate of the RNs.

Observation: Having combined packet delay, packet discard  rate and packet loss rate measurements for DeNB UEs and RNs may obscure the problems that exist only locally to DeNB-UE or RN traffic, which would result in not achieving the intended objectives of these L2 measurements. 

Proposal 1: RAN2 to discuss whether potential problems of combined packet delay, discard and loss rate L2 measurements are tolerable or whether the DeNB should have independent packet delay, discard and loss rate L2 measurements for RNs and for DeNB UEs to better achieve the intended objectives of these measurements.

L2 Measurement on PRB usage on a DeNB
Knowledge of the cell congestion level is important for network load balancing and optimization.  For these purposes the PRB Usage measurement monitors DL used and UL allocated PRBs to determine the utilization of the cell’s time and frequency physical resources. 
In the DeNB, the RN traffic can only be scheduled on the Un sub-frames while the DeNB UE traffic can be scheduled on all available subframes. Since the RN traffic is independent from DeNB UE traffic, congestion could happen independently to RN traffic or to UE traffic, while the other remains uncongested. For example congested Un sub-frames creating a blocking condition for RN traffic may go undetected if DeNB UE (non-Un subframes) remain uncongested. A combined DeNB-UE and RN PRB usage measurement may therefore not support the objective of RN or DeNB-UE load balancing. Monitoring load levels separately for RN traffic and for DeNB UE traffic could help the DeNB to improve its resource management efficiency, e.g. if the loading is high for RN traffic but not high for UE traffic, DeNB may consider to reconfigure the Un subframe allocation for the Un interface. 
Observation: Having combined PRB usage measurement for Un and non-Un subframes may obscure the problems that exist only locally to DeNB-UE or RN traffic, which would result in not achieving the intended objectives of this L2 measurement.
Proposal 2: RAN2s to discuss whether potential problems of combined PRB usage measurements are tolerable or whether the DeNB should have independent PRB usage L2 measurements for PRB usage on Un sub-frames and non-Un subframe.
Furthermore, the calculation of PRB usage on Un subframes also poses an interesting question. Since the RN can only be scheduled on Un sub-frames and the DeNB UEs could be scheduled on any available sub-frames, it is possible for the DeNB offload some DeNB UE traffic to the Un sub-frames to accommodate increasing DeNB UE traffic. A measurement of PRB usage over the Un sub-frame does not accurately identify Un subframe congestion due to RN traffic. Therefore we could consider having separate PRB Usage measurements for RN traffic and for DeNB UE traffic on the Un sub-frames.

Proposal 3: RAN2 should consider whether it would be useful to have separate RN PRB usage and DeNB UE PRB usage measurements over Un sub-frames.

L2 measurement on Number of Active UEs on a DeNB

This Number of Active UE measurement 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. In a donor cell, two categories of traffic (RN vs. UE) exist. Whether they are counted together or separately for total throughput collection affect the calculated bit rates.
If the RN is considered as a single UE by the DeNB the calculated bit rate per UE will be artificially high. Additionally as discussed earlier there may be independent congestion conditions effecting either RN or DeNB UE traffic due to Un subframe configuration. Therefore low bit rates effecting either RN or DeNB UE may be obscured.
Proposal 4: RAN2 to consider if it would be useful to exclude the RN traffic in the Number of Active UEs measurement in order to have a more accurate calculation of DeNB UE bitrates.

Conclusion
In this document, we present our understanding of the L2 Measurements performed by a DeNB servicing both DeNB UEs and RNs. We observe that having combined packet delay, packet discard  rate and packet loss rate measurements for DeNB UEs and RNs may obscure the problems that exist only locally to DeNB-UE or RN traffic, which would result in not achieving the intended objectives of these L2 measurements. Similarly having combined PRB usage measurement for Un and non-Un subframes may obscure the problems that exist only locally to DeNB-UE or RN traffic, which would result in not achieving the intended objectives of this L2 measurement. And finally we observe that the Active UE measurement used to determine UE bitrates would be more accurate if RN traffic is excluded.
We therefore would like to consider the following proposals:
Proposal 1: RAN2 to discuss whether potential problems of combined packet delay, discard and loss rate L2 measurements are tolerable or whether the DeNB should have independent packet delay, discard and loss rate L2 measurements for RNs and for DeNB UEs to better achieve the intended objectives of these measurements.

Proposal 2: RAN2s to discuss whether potential problems of combined PRB usage measurements are tolerable or whether the DeNB should have independent PRB usage L2 measurements for PRB usage on Un sub-frames and non-Un subframe.
Proposal 3: RAN2 should consider whether it would be useful to have separate RN PRB usage and DeNB UE PRB usage measurements over Un sub-frames.

Proposal 4: RAN 2 to consider if it would be useful to exclude the RN traffic in the Number of Active UEs measurement in order to have a more accurate calculation of DeNB UE bitrates.
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Appendix
Measurement on PRB usage
The objective of the PRB usage measurements is to measure usage of time and frequency resources. A use case is cell load balancing, where PRB usage is used for information signalled across the X2 interface. Another use-case is OAM performance observability.
[bookmark: _Toc264555408]Total PRB usage
Protocol Layer: MAC
	Definition
	Total PRB usage is calculated in the time-frequency domain only. The reference point is the Service Access Point between MAC and L1. The measurement is done separately for: 
-	DL
-	UL

Detailed Definitions: 


 , where explanations can be found in the table 4.1.1.1-1 below.




Table 4.1.1.1-1
	

	
Total PRB usage. Percentage of PRBs used, averaged during time period . Value range: 0-100%

	

	A count of full physical resource blocks.
For the DL, all PRBs used for transmission shall be included.
For the UL, all PRBs allocated for transmission shall be included.

	

	
Total number of PRBs available during time period .

	

	The time period during which the measurement is performed.







3GPP
[bookmark: _Toc264555409]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.
[bookmark: _Toc264555415]Number of Active UEs in the DL per QCI
Protocol Layer: MAC, RLC, PDCP
	Definition
	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:

,where
explanations can be found in the table 4.1.3.1-1 below.



Table 4.1.3.1-1
	

	
Number of Active UEs in the DL per QCI, averaged during time period . Unit: Integer.

	

	

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 =  at sampling occasion.
In RLC and PDCP layers, buffered data corresponds to data available for transmission according to the definitions in TS 36.322 and TS 36.323. 
Buffered data includes data for which HARQ transmission has not yet terminated.

	

	

Sampling occasion during time period. A sampling occasion shall occur once every  seconds.

	

	Sampling period length. Unit: second. The sampling period shall be at most 0.1 s.

	

	
Total number of sampling occasions during time period  . 

	

	Time Period during which the measurement is performed, Unit: second.





[bookmark: _Toc264555416]Number of Active UEs in the UL per QCI
Protocol Layer: MAC
	Definition
	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:

where
explanations can be found in the table 4.1.3.2-1 below.



NOTE:	For this measurement, the expected accuracy is dependent on application scenario, cell load UE configuration and how DRBs are distributed over logical channel groups.
Table 4.1.3.2-1
	

	
Number of Active UEs in the UL per QCI, averaged during time period . Unit: Integer.

	

	

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 =  at sampling occasion.
This is a Node B estimation that is expected to be based on Buffer Status Reporting, provided semi-persistent grants  and progress of ongoing HARQ transmissions (by including buffered data for which HARQ transmission has not yet terminated in buffered data).
In addition, the eNB can use the analysis of received data in the estimation. In such case, when QCI cannot be determined at the time of the sampling occasion, eNB can determine QCI after successful reception of data.

	

	

Sampling occasion during time period. A sampling occasion shall occur once every  seconds.

	

	Sampling period length. Unit: second. The sampling period shall be at most 0.1 s. 

	

	
Total number of sampling occasions during time period  . 

	

	Time Period during which the measurement is performed, Unit: second.



PRB usage per traffic class
Protocol Layer: MAC
	Definition
	PRB usage per traffic class. This measurement is an aggregate for all UEs in a cell, and is applicable to Dedicated Traffic Channels (DTCH). The reference point is the Service Access Point between MAC and L1. The measurement is done separately for: 
-	DL DTCH, for each QCI.
-	UL DTCH, for each QCI

Detailed Definitions:

, where
explanations can be found in the table 4.1.1.2-1 below.



 , where
explanations can be found in the table 4.1.1.2-2 below.



Table 4.1.1.2-1
	

	Absolute PRB usage per traffic class. A count of full or partial physical resource blocks. 

	

	The time period during which the measurement is performed (in TTIs)

	

	
A transport block in time period that contain DTCH data. Initial transmissions and HARQ retransmissions shall be counted.

	
	
The set of physical resource blocks used for transmission of transport block .

	
	
The number of transport blocks that are currently sharing PRB .

	
) 
	

The total number of DTCH bits for DTCHs with QCI =, carried in transport block 

	

	
The total number of DTCH and DCCH bits carried in transport block .

	

	



If multiplexing is taken into account:  always. If multiplexing is not taken into account: if transport block  carries data corresponding to only one QCI  and: otherwise. It is up to implementation if to take multiplexing into account or not. 



Table 4.1.1.2-2
	

	
PRB usage per traffic class. Percentage of PRBs used for a certain qci, averaged during time period . Value range: 0-100%

	

	
Total number of PRBs available during time period .




Packet Delay
[bookmark: _Toc264555418]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
	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. The measurement is done separately per QCI.
Detailed Definition:

,where
explanations can be found in the table 4.1.4.1-1 below.



Table 4.1.4.1-1
	

	
Packet Delay in the DL per QCI, averaged during time period . Unit: Integer ms.

	

	
The point in time when PDCP SDU  arrives. 

	

	The point in time when the last piece of PDCP SDU i was received by the UE according to received HARQ feedback information. 

	

	
A PDCP SDU that arrives at the PDCP upper SAP during time period . PDCP SDU for which HARQ acknowledgement is not received for all parts shall not be included in the calculation. 

	

	
Total number of PDCP SDUs  .

	

	Time Period during which the measurement is performed





[bookmark: _Toc264555419]Data Loss
[bookmark: _Toc264555420]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
	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:

 ,where
explanations can be found in the table 4.1.5.1-1 below.



NOTE:	Packet loss is expected to be small or very small The statistical accuracy of an individual discard rate measurement result is dependent on how many packets has been received, and thus the time for the measurement.
Table 4.1.5.1-1
	

	
Packet Discard Rate in the DL per QCI, averaged during time period . Unit: number of discarded packets per received packets * 106, Integer. 

	

	

Number of DL packets, for which no part has been transmitted over the air, of a data radio bearer with QCI =  , that are discarded during time period  in the PDCP, RLC or MAC layers due to reasons other than hand-over.

	

	

Number of DL packets of bearer with QCI =  that has entered PDCP upper SAP during time period  (NOTE).

	

	Time Period during which the measurement is performed, Unit: minutes (NOTE).





[bookmark: _Toc264555421]Packet Uu Loss Rate in the DL per QCI
The objective of this measurement is to measure packets that are lost at Uu transmission, for OAM performance observability. 
Protocol Layer: MAC, RLC, PDCP
	Definition
	Packet Uu Loss Rate in the DL per QCI. This measurement refers to packet loss for DRBs. One packet corresponds to one PDCP SDU. The measurement is done separately per QCI.  
Detailed Definition:

, where
explanations can be found in the table 4.1.5.2-1 below.



NOTE:	Packet loss is expected to be upper bounded by the PELR of the QCI which takes values between 10-6 and 10-2. The statistical accuracy of an individual packet loss rate measurement result is dependent on how many packets have been received, and thus the time for the measurement.

Table 4.1.5.2-1
	

	Packet Uu Loss Rate in the DL per QCI. Unit: number of lost packets per transmitted packets * 106, Integer. 

	

	

Number of DL packets, of a data radio bearer with QCI = , for which at least a part has been transmitted over the air but not positively acknowledged, and it was decided during time period  that no more transmission attempts will be done. If transmission of a packet might continue in another cell, it shall not be included in this count.

	

	

Number of DL packets, of a data radio bearer with QCI = , which has been transmitted over the air and positively acknowledged during time period . 

	

	Time Period during which the measurement is performed, Unit: minutes (NOTE).





[bookmark: _Toc264555422]Packet Loss Rate in the UL per QCI
The objective of this measurement is to measure packets that are lost in the UL, for OAM performance observability.
Protocol Layer: PDCP
	Definition
	Packet Loss Rate in the UL per QCI. This measurement refers to packet loss for DRBs. One packet corresponds to one PDCP SDU. Reference point is the PDCP upper SAP. The measurement is done separately per QCI.
Detailed Definition:

, where
explanations can be found in the table 4.1.5.3-1 below.



NOTE:	Packet loss is expected to be upper bounded by the PELR of the QCI which takes values between 10-6 and 10-2. The statistical accuracy of an individual packet loss rate measurement result is dependent on how many packets have been received, and thus the time for the measurement.

Table 4.1.5.3-1
	

	Packet Loss Rate in the UL per QCI. Unit: number of lost packets per transmitted packets * 106, Integer. 

	

	

Number of missing UL PDCP sequence numbers, representing packets that are not delivered to higher layers, of a data radio bearer with QCI = during time period . If transmission of a packet might continue in another cell, it shall not be included in this count.

	

	

Total number of UL PDCP sequence numbers (also including missing sequence numbers) of a bearer with QCI = , starting from the sequence number  of the first packet delivered by PDCP upper SAP to higher layers until the sequence number of the last packet during time period .  

	

	Time Period during which the measurement is performed, Unit: minutes (NOTE).
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