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1.  Introduction
At the RAN plenary meeting #36 in Busan, it was decided that a necessary set of eNB measurements shall be standardised for LTE, and discussions on this issue shall take place in the relevant WGs [1]. The same topic was discussed also in Joint SA WG5-RAN WG3 ad hoc meeting in Sophia-Antipolis, and it was agreed that RAN WGs should discuss the radio interface related measurements, while SA WG5 should discuss the performance measures in general [2]. To kick off detailed discussions in RAN WGs, this document provides an initial view of the co-sourcing companies on the measurements to be standardised and their objectives in detail. The list may not be exhaustive but should serve as a baseline for discussions in the relevant WGs. It further proposes works to be carried out in each WG.
2. eNB measurements

2.1  Overview

An initial list of eNB measurements that the co-sourcing companies envisage being standardised are given in Table 1. Although what each measurement will be used for is up to deployment and does not need to be restricted by the specifications, some example use cases are given below that make the measurements indispensable. As described in [3], measurements can be handled in three different manners: 1) those reported to an OAM and/or SON entities, 2) exchanged between eNBs over X2 for distributed RRM/SON, and 3) used internally by eNB e.g., for scheduler operation. In Table 1 measurements are listed by category, i.e., the layer from which the measurements are taken, with columns intended to indicate the intention/expectation of how each item shall be handled (The columns are empty yet at this initial stage, but an “X” shall be indicated at relevant boxes as the discussion progresses). Detailed definitions and use cases for each measurement item can be found in the subsequent sections.
Table 1  Initial list of eNB measurements and their use cases.
	Category
	Measurement item
	Use case
	Interface

	
	
	
	OAM / SON
	X2
	eNB internal

	UL PHY
	Received total power
	· Monitor congestion level and check operation

· Call admission control

· Load balancing
	
	
	

	
	Interference power over thermal noise power (IoT)
	· Inter-cell interference control

· Monitor congestion level and check operation

· Call admission control
	
	
	

	
	Sounding reference signal SIR
	· Scheduler operation

· UL power control
	
	
	

	
	Received total power on RBs for PRACH
	· PRACH resource optimisation

· Persistence level and back off control
	
	
	

	
	Fading frequency
	· Scheduler operation (localised/distributed control)

· CQI/sounding RS resource/format control

· HCS mobility control
	
	
	

	DL PHY
	Transmitted carrier power
	· Monitor congestion level and check operation

· Call admission control

· Load balancing
	
	
	

	
	Transmitted power per RB
	· Inter-cell interference control
	
	
	

	UL MAC
	Usage reported per RB for UL-SCH
	· Monitor congestion level

· Call admission control

· Load balancing

· Inter-cell interference control
	
	
	

	
	UL MAC PDU throughput
	· Scheduler operation

· Guarantee/enforce PBR/MBR

· KPI
	
	
	

	
	UL BLER
	· Detect any problems

· MAC parameter tuning e.g., HARQ operating point
	
	
	

	
	Rate of UL MAC PDU failures due to exhausing max number of retx
	· Detect any problems

· MAC parameter tuning e.g., HARQ operating point
	
	
	

	
	Num. of received RACH preambles
	· PRACH resource optimisation

· Persistence level and back off control
	
	
	

	
	Num. of users whose UL throughput is smaller than the required
	· Call admission control

· Application rate control of rate-adaptive media, if possible
	
	
	

	DL MAC
	Usage reported per RB for DL-SCH
	· Monitor congestion level

· Call admission control

· Load balancing

· Inter-cell interference control
	
	
	

	
	DL MAC PDU throughput
	· Scheduler operation

· Guarantee/enforce PBR/MBR

· Active queue management

· KPI
	
	
	

	
	BLER
	· Detect any problems

· MAC parameter tuning e.g., HARQ operating point
	
	
	

	
	Rate of DL MAC PDU failures due to exhausing max number of retx
	· Detect any problems

· MAC parameter tuning e.g., HARQ operating point
	
	
	

	
	Num. of discarded DL MAC PDU due to cell change
	· Optimise HO control and U-plane handling during HO
	
	
	

	
	Num. of logical channels whose DL throughput is smaller than the required
	· Call admission control

· Application rate control of rate-adaptive media, if possible
	
	
	

	UL RLC
	Residual error rate provided from UL MAC
	· Adjust MAC parameters e.g., HARQ operating point

· Tx power tuning e.g., of UL grant, UL-SCH, HARQ ack/nacks
	
	
	

	
	Num. of UL resets
	· Check the system is operating normally

· MAC/RLC parameter tuning
	
	
	

	DL RLC
	Amount of buffered data
	· Scheduler operation

· Active queue management
	
	
	

	
	Num. of logical channels having buffered data
	· Monitor congestion level

· Call admission control
	
	
	

	
	Average num. of DL retransmissions
	· RLC parameter tuning, e.g., RLC retx and discard timers
	
	
	

	
	Num. of DL resets
	· Check the system is operating normally

· MAC/RLC parameter tuning
	
	
	

	
	Average DL RTT
	· RLC parameter tuning, e.g., ARQ related timers
	
	
	

	
	Amount of data forwarded
	· X2 transport optimisation, e.g., bandwidth

· Active queue management
	
	
	

	RRC & others
	Num. of RRC connected users
	· Monitor system loading

· Detect/analyse any problems

· Call admission control

· …
	
	
	

	
	Num. of call arrival
	
	
	
	

	
	Num. of admitted calls
	
	
	
	

	
	Rate of admitted calls
	
	
	
	

	
	Rate of PCH transmission
	
	
	
	

	
	Num. of triggered intra-frequency HO
	
	
	
	

	
	Num. of completed intra-frequency HO
	
	
	
	

	
	Num. of triggered inter-frequency HO
	
	
	
	

	
	Num. of completed inter-frequency HO
	
	
	
	

	
	Num. of triggered inter-RAT HO
	
	
	
	

	
	Num. of completed inter-RAT HO
	
	
	
	

	
	Num. of radio link failure
	
	
	
	

	
	Num. of triggered inter-eNB HO
	
	
	
	

	
	Num. of completed inter-eNB HO
	
	
	
	


Note:  The right three columns are left empty at this initial stage, but the relevant boxes should be marked with an “X” as the discussion progresses.
2.2  Physical layer measurements
These measurements are performed in the eNB physical layer and are expected to involve some hardware implementation. To avoid any hardware updates to introduce new measurements at a later stage, these physical layer measurements should be standardised before the first eNB hardware is deployed. It is requested that for these physical layer measurements:
· RAN WG1 studies the feasibility of standardising these measurements, and specify the definitions of the ones envisaged necessary and feasible.

· RAN WG4 studies how the measurements defined by RAN WG1 can be tested, and specify the performance requirements.

· RAN WG3 studies the interfaces conveying these measurements and the delivery formats, as well as the relevant layer 3 filtering.
2.2.1  Received total power
Definition:  This is the received total power in the system bandwidth including thermal noise and is measured per cell.
Use case:  This is a fundamental measurement used primarily to observe the congestion level in each cell, and to check that the cell is operating normally. Network algorithms to control the congestion level of each cell, such as call admission control and load balancing, can utilise this measurement. It can be used to detect any problems/instability in the network, and to check that the received total power is falling within the receiver capability. It can also be used to plan further enhancements to the system, e.g., where to introduce new cells. Considering that LTE is a scheduler based system that is likely to exhibit significant changes in the received total power in short term, it should be measured at intervals of about 100 ms and reported to the OMC. (Note that in UMTS the RTWP is measured at 100 ms intervals [4].)
As a detailed example, to balance the loading among the available frequency layers, the received total wideband power of multiple cells need to be compared. Although this could be done internally at eNB if the balancing algorithm takes into account only the local load conditions of the co-located cells, it is much preferable if the loading of each frequency layer is taken into account including the surrounding cells in the vicinity. This will require that the measurement results are reported to the OMC or exchanged over the X2, depending on which entity controls load balancing. Nevertheless, as this is part of RRM and currently no central RRM entity is defined, it is thought that X2 shall support exchange of this measurement. It should be noted that a similar mechanism is also supported in UMTS [5].
2.2.2 Interference power over thermal noise power (IoT)
Definition:  This is the ratio of (interference power plus thermal noise power) over (thermal noise power). It can be measured per cell for the system bandwidth or per subband/RB group (depending on how inter-cell interference control is designed).
Use case:  This will be used for inter-cell interference control between eNBs. In RAN WG1 the mechanism to control inter-cell interference using overload indicators is under discussion. Although it is yet unclear what information shall be exchanged between eNBs, even if only the 1-bit overload indicator is to be exchanged over X2, it is still important to align among the eNBs how the interference level is measured and the overload indicator is produced.
It can also be used to monitor and control the congestion level in a cell, e.g., by call admission control, and used to detect any problems/instability in the network. For this purpose it should be reported to OAM and/or SON entities.
2.2.3 Sounding reference signal SIR (RS-SIR)
Definition:  This is the ratio of (received signal power of the reference signal) over (interference and noise power). It can be measured per UE per subband/RB group or for the system bandwidth, depending on the scheduler flexibility in allocating resources in the frequency domain.
Use case:  This will be used mainly for scheduler operation. Although the scheduler algorithm is up to implementation, any uplink scheduler obviously would require inputs on the RS-SIR of each UE to benefit from multi-user diversity. To exploit this in the frequency domain, the RS-SIR needs to be measured per UE per subband configurable at RB resolution. The average RS-SIR over the system bandwidth per UE would also be necessary, to optimise adaptive modulation and coding for high mobility UEs. Although schedulers are rather eNB internal, performance requirements shall be standardised such that the scheduler performance would be consistent across eNBs. It should be measured per TTI or at every reception of reference signals on the uplink.
It is expected that the RS-SIR can also be used to control transmission power on the uplink, e.g., for sounding reference signals, although the details are pending RAN WG1 discussion.
Remarks:  Feasibility and testability of this measurement need to be studied by RAN WG1 and WG4.
2.2.4 Received total power on resource blocks for PRACH
Definition:  This is the received total power in the resource blocks configured for PRACH, and is measured per cell. It can be the average value of all configured PRACHs in the cell.
Use case:  This will be used to detect any overload on the PRACH, and to optimise its resource allocation. For example, if the measured level is higher than expected, the resouce blocks allocated for PRACH can be increased so that the PRACH coverage is guaranteed and the congestion level is kept sufficiently low. It can also be used to control the persistence values and/or backoff control for PRACH, although the details are pending RAN WG2 discussion. For these purposes it should be measured at intervals of about 100 ms and reported to OAM and/or SON entities.
2.2.5  Fading frequency

Definition:  This is the Doppler fading frequency to be measured per UE (using for example reference signals in the uplink, FFS).

Use case:  This will be used primarily to control radio resource allocation at the physical layer, for example, to switch between localised and distributed resource allocations, and to control radio resource allocations for DL CQI reporting and sounding RS transmissions. Considering frequent changes in the UE velocity in urban scenarios, it is thought that the fading frequency should be measured at intervals of about 100 ms.
The fading frequency can also be used to control handovers between frequency layers in a hierarchical cell structure (HCS) deployement. Since the HCS concept as in UMTS is not supported by UEs in LTE, it is necessary that sufficient layer control is enabled by the network. The measurement should be aligned among eNBs so that inter-frequency ping-pongs are avoided.
Remarks:  The feasibility of this measurement needs to be discussed in RAN WG1 and WG4, since it would be difficult for the eNB to estimate using discontinuous reference signals. It may be necessary that the fading frequency is measured by the UE instead, and reported to the eNB e.g., in an event triggered manner.
2.2.6  Transmitted carrier power
Definition:  This is the ratio between the total transmitted power (over the system bandwidth) and the maximum transmission power.
Use case:  This is a fundamental measurement primarily used to monitor the congestion level of a cell. The use cases are similar to that for the received total power in 2.2.1, e.g., to check that the total transmission power is falling within the transmitter capability. For this purpose the measurement should be performed at intervals of about 100 ms and reported to OAM and/or SON entities. It is also used to check that it complies to the rated power when transmit at the maximum power. This will be done typically as part of initial configuration/testing process of the eNB, and will be an integral part of eNB self-configuration. It can also be exchanged over X2 for load balancing.

2.2.7  Transmitted power per RB
Definition:  This is the transmitted power measured per subband/RB group, obtained as the average value for all resource elements.
Use case:  This will be used for inter-cell interference control on the downlink, and needs to be exchanged between eNBs over X2. Considering asynchronous networks, the transmitted power should be averaged for all resource elements within the subband/RB group. The size of subband/RB group depends on the granularity of inter-cell interference coordination. It should be measured at intervals of about 100 ms at the most frequent, or at a larger interval if the inter-cell interference coordination is done rather semi-statically.
2.3  MAC layer measurements

These measurements are performed in the MAC layer and may involve some hardware implementation depending on the manufacturer design. As it is not easy to introduce new measurements after the eNB hardware is deployed, these measurements should be standardised as part of the first LTE release. It is requested that for these MAC layer measurements:

· RAN WG2 studies the feasibility of standardising these measurements, and specify the definitions of the ones envisaged necessary and feasible.

· RAN WG3 studies the interfaces conveying these measurements and the delivery formats, as well as the relevant layer 3 filtering.

It is expected that performance requirements do not have to be specified by RAN WG4 for these measurements.
2.3.1  Usage reported per RB for UL-SCH

Definition:  This is the ratio (percentage) of the used RBs over the available UL RBs for UL-SCH over a certain time interval, and is measured per cell. (It might be necessary that the usage is measured per subband/RB group, to serve the use cases below, FFS.) Any non-scheduled transmissions and retransmissions should also be counted as used.

Use case:  This is a fundamental measurement used to monitor the congestion level of a cell. It can be used for call admission control, and can also be used for load balancing and inter-cell interference control, in which cases the measurement needs to be exchanged between eNBs over X2. The intention is to measure at intervals of about 100 ms, and report to OAM and/or SON entities.
2.3.2  UL MAC PDU throughput
Definition:  This is the MAC PDU throughput in b/s, measured per logical channel, per radio bearer type, or per cell on the uplink. The logical channel throughput can be measured as the amount of MAC PDU bits transmitted successfully over a time interval, during which data for the logical channel are buffered in the UE based on buffer status reports. The average (or aggregate) throughput per radio bearer type and the aggregate throughput per cell are also measured.
Use case:  This is a key performance measure indispensable to guarantee QoS and evaluate the system efficiency. It will be used in rate-based scheduler algorithms such as proportional fairness, and will also be used to guarantee/enforce prioritised bit rates (PBRs) and maximum bit rates (MBRs) per radio bearer. Moreover, it will be used to calculate the number of logical channels whose throughput is smaller than the required (see 2.3.5). It is important that this measurement is available at the eNB so that when an operator policy is applied (e.g., PBR/MBRs, a scheduler algorithm, or call admission control), the behaviour is consistent across the network. The average (or aggregate) throughput per radio bearer type and the aggregate throughput per cell should be reported to OAM and/or SON entities as KPIs.
Remarks:  The details how throughputs are measured (e.g., measurement interval, how “reading time” is treated/detected) need to be studied and specified in RAN WG2.
2.3.3  UL BLER
Definition:  This is the MAC PDU BLER measured per transmission attempt on the uplink, and averaged per logical channel. The BLER for the first HARQ transmission and the BLER including HARQ retransmissions (not the residual BLER) can be measured separately. The average BLER per radio bearer type is also measured. (The BLER of MAC control PDUs should also be measured separately, if possible.)
Use case:  This can be used to detect any problems in the network, and if any is found, to tune MAC layer parameters. For example, if the BLER is deviating from the desired target, the HARQ operating point can be adjusted so that the system efficiency is improved. The intention is to measure the BLER at intervals of about 100 ms, and report the average BLER per radio bearer type to OAM and/or SON entities. It is necessary that the definition of BLER is explicitly defined in the standards (e.g., how HARQ retransmissions are counted).
2.3.4  Rate of MAC PDU transmission failures due to exhausting the maximum number of HARQ retransmissions on the UL
Definition:  This is the rate of MAC PDU transmission failures due to exhausting the maximum number of HARQ retransmissions on the uplink, and is obtained per logical channel. The average rate per radio bearer type is also measured. (The rate for MAC control PDUs should also be measured separately, if possible.)
Use case:  As with the UL BLER (see 2.3.2), this can be used to detect any problems in the network and tune MAC layer parameters. For example, this can be used to optimise the HARQ operating point and the maximum number of retransmisisons on the uplink. The intention is to report the rate per radio bearer type to OAM and/or SON entities.
Remarks:  How can the number of failures per logical channel be counted, when logical channels are multiplexed to a single MAC PDU, shall be clarified in RAN WG2.
2.3.5  Number of received RACH preambles
Definition:  This is the number of received RACH preambles in a time interval in a cell.

Use case:  This can be used, in conjunction with the total received power on resource blocks for PRACH (see 2.2.4), to optimise the resource allocation for PRACH. It can also be used to control the persistence values and/or back off control for PRACH, although the details are pending RAN WG2 discussion. The intention is to have this reported to OAM and/or SON entities. Note that in UMTS, the number of acknowledged RACH attempts were measured. Here, the number of detected RACH preambles are intended, instead of the number acknowledged, to capture the RACH load more directly.
Remarks:  Whether dedicated preambles are excluded or not needs to be clarified in RAN WG2.
2.3.6  Number of logical channels whose throughput is smaller than the required on the UL
Definition:  This is the number of logical channels whose throughput is smaller than the required (e.g., PBR) on the uplink, and is obtained for each radio bearer type.

Use case:  This will be used primarily for call admission control. For example, if there are too many logical channels whose throughput is smaller than the required (e.g., PBR), the network can reject new calls. For example, a call can be rejected (and possibly redirected to another frequency/RAT) in response to RRC connection request, or restricted by Access Class barring. This can also be used to control the source rate of some rate-adaptive applications, if such mechanism to trigger control from RAN will be available. The result should be reported to OAM and/or SON entities.
2.3.7  Usage reported per RB for DL-SCH

Definition:  This is the ratio (percentage) of the used RBs over the available DL RBs for DL-SCH over a certain time interval, and is measured per cell. (It might be necessary that the usage is measured per subband/RB group, to serve the use cases below, FFS.) Any non-scheduled transmissions and retransmissions should also be counted as used.

Use case:  This is a fundamental measurement used to monitor the congestion level of a cell. It can be used for call admission control, and can also be used for load balancing and inter-cell interference control, in which cases the measurement needs to be exchanged between eNBs over X2. The intention is to measure at intervals of about 100 ms, and report to OAM and/or SON entities.

Remarks:  How to consider RBs for P/D-BCH and MCCH/MTCH shall be clarified in RAN WG2.
2.3.8  DL MAC PDU throughput

Definition:  This is the MAC PDU throughput in b/s, measured per logical channel, per radio bearer type, or per cell on the downlink. The logical channel throughput can be measured as the amount of MAC PDU bits transmitted successfully over a time interval, during which data for the logical channel are buffered in the eNB. The average (or aggregate) throughput per radio bearer type and the aggregate throughput per cell are also measured.

Use case:  This is a key performance measure indispensable to guarantee QoS and evaluate the system efficiency. It will be used in rate-based scheduler algorithms such as proportional fairness, and will also be used to guarantee/enforce prioritised bit rates (PBRs) and maximum bit rates (MBRs) per radio bearer, and perform active queue management at the eNB. Moreover, it will be used to calculate the number of logical channels whose throughput is smaller than the required (see 2.3.12). It is important that this measurement is available at the eNB so that when an operator policy is applied (e.g., PBR/MBRs, active queue management, a scheduler algorithm, or call admission control), the behaviour is consistent across the network. The average (or aggregate) throughput per radio bearer type and the aggregate throughput per cell should be reported to OAM and/or SON entities as KPIs.
Remarks:  The details how throughputs are measured (e.g., measurement interval, how “reading time” is treated/detected) need to be studied and specified in RAN WG2.
2.3.9  DL BLER
Definition:  This is the MAC PDU BLER measured per transmission attempt on the downlink, and averaged per logical channel. The BLER for the first HARQ transmission and the BLER including HARQ retransmissions (not the residual BLER) can be measured separately. The average BLER per radio bearer type is also measured. (The BLER of MAC control PDUs should also be measured separately, if possible.)

Use case:  This can be used to detect any problems in the network, and if any is found, to tune MAC layer parameters. For example, if the BLER is deviating from the desired target, the HARQ operating point can be adjusted so that the system efficiency is improved. The intention is to measure the BLER at intervals of about 100 ms, and report the average BLER per radio bearer type to OAM and/or SON entities. It is necessary that the definition of BLER is explicitly defined in the standards (e.g., how HARQ retransmissions are counted).
2.3.10  Rate of discarded MAC PDUs due to exhausting the maximum number of HARQ retransmissions on the DL
Definition:  This is the rate of MAC PDU transmission failures due to exhausting the maximum number of HARQ retransmissions on the downlink, and is obtained per logical channel. The average rate per radio bearer type is also measured. (The rate for MAC control PDUs should also be measured separately, if possible.)

Use case:  As with the DL BLER (see 2.3.9), this can be used to detect any problems in the network and tune MAC layer parameters. For example, this can be used to optimise the HARQ operating point and the maximum number of retransmisisons on the downlink. The intention is to report the rate per radio bearer type to OAM and/or SON entities.

Remarks:  How can the number of failures per logical channel be counted, when logical channels are multiplexed to a single MAC PDU, shall be clarified in RAN WG2.
2.3.11  Number of discarded MAC PDU due to cell change on the DL
Definition:  This is the number of discarded MAC PDUs at the source cell, due to cell change on the downlink. It is measured per logical channel per cell change, and averaged per radio bearer type. Intra-eNB and inter-eNB cell changes can be measured separately.
Use case:  This will be used to monitor handover performance and optimise handover control, especially when to trigger handovers and U-plane data handling at handovers. For instance, if the number of discarded MAC PDUs is excessive, the scheduler can prioritise or boost transmission power for MAC PDUs that belong to the UE leaving the cell. The scheduler can also delay issuing of the handover command, if the handover failure rate is sufficiently low.
2.3.12  Number of logical channels whose throughput is smaller than the required on the DL
Definition:  This is the number of logical channels whose throughput is smaller than the required (e.g., PBR) on the downlink, and is obtained for each radio bearer type.

Use case:  This will be used primarily for call admission control. For example, if there are too many logical channels whose throughput is smaller than the required (e.g., PBR), the network can reject new calls. For example, a call can be rejected (and possibly redirected to another frequency/RAT) in response to RRC connection request, or restricted by Access Class barring. This can also be used to control the source rate of some rate-adaptive applications, if such mechanism to trigger control from RAN will be available. The result should be reported to OAM and/or SON entities.
2.4  RLC layer measurements
These measurements are performed in the RLC layer and may involve some hardware implementation depending on the manufacturer design. As it is not easy to introduce new measurements after the eNB hardware is deployed, these measurements should be standardised as part of the first LTE release. It is requested that for these RLC layer measurements: 
· RAN WG2 studies the feasibility of standardising these measurements, and specify the definitions of the ones envisaged necessary and feasible.

· RAN WG3 studies the interfaces conveying these measurements and the delivery formats, as well as the relevant layer 3 filtering.

It is expected that performance requirements do not have to be specified by RAN WG4 for these measurements.
2.4.1  Residual error rate provided from MAC in the UL
Definition:  This can be defined as: [Number of PDUs detected as missing] / ([Number of PDUs detected as missing] + [Number of received PDUs]). It is measured per logical channel and the average value can be obtained per cell for each radio bearer type.
Use case:  This will be used to check that UL HARQ is operating at a desirable operating point, and if not to tune MAC layer parameters. For example, if it is detected that the residual error rate provided from HARQ is higher than that desired, then the power settings of UL grant, UL-SCH and/or HARQ-Acks for UL-SCH can be increased.  This measurement is similar to the UL BLER measurement in MAC (see 2.3.3), and this measurement may be unnecessary if it can be covered by the UL BLER measurement in MAC. The intention is to have this measurement reported to OAM and/or SON entities.
2.4.2  Number of resets in the UL
Definition:  This is the number of uplink RLC entity resets during a measurement time interval. It is measured per logical channel and the average value can be obtained per cell for each radio bearer type. Resets caused by handovers are not counted.

Use case:  This is used to check that the system is operating normally, and if not to tune MAC and RLC layer parameters. For example, if the number of resets is higher than desired, then the HARQ operating point and/or RLC retransmission parameter settings can be adjusted. The intention is to have this measurement reported to OAM and/or SON entities.
2.4.3  Amount of buffered DL data
Definition:  This is the amount of data buffered in the eNB awaiting transmission (including possible retransmissions). It is measured per logical channel and the average value can be obtained per cell for each radio bearer type.

Use case:  This measurement will be necessary to assist scheduling decisions for the DL MAC scheduler, and for this purpose, it is expected that this measurement is made known to the scheduler every TTI for each logical channels that are established. This measurement will also be used to check that active queue management (i.e. IP packet dropping to influence source application data rate) is running at a desired level. Also, this measurement could be used as a basis to adjust the buffer implementation at the eNB (i.e. the amount of buffer and how the buffers are shared). The intention is to have this measurement reported to the scheduler (on a per logical channel basis) and to OAM and/or SON entities (on a per cell basis for each radio bearer type).

2.4.4  Number of logical channels having buffered data
Definition:  This is the number of logical channels having buffered data. The value can be obtained per cell for each radio bearer type as an average over a time interval.

Use case:  This will be used to monitor the congestion level in a cell, and will be used for call admission control. For example, if the number of logical channels having buffered data is exceeding a certain threshold, the eNB could reject any new calls to prevent buffer overflow or scheduler processor overload. The intention is to have this measurement reported to OAM and/or SON entities.
2.4.5  Average number of DL retransmissions
Definition:  This is the average number of RLC retransmissions. It is measured per logical channel and the average value can be obtained per cell for each radio bearer type.

Use case:  This can be used for RLC parameter tuning, such as maximum number or RLC retransmissions and discard timers. The intention is to have this measurement reported to OAM and/or SON entities.
2.4.6  Number of resets in the DL

Definition:  This is the number of downlink RLC entity resets during a measurement time interval. It is measured per logical channel and the average value can be obtained per cell for each radio bearer type. Resets caused by handovers are not counted.

Use case:  This is used to check that the system is operating normally, and if not to tune MAC and RLC layer parameters. For example, if the number of resets is higher than desired, then the HARQ operating point and/or RLC retransmission parameter settings can be adjusted. The intention is to have this measurement reported to OAM and/or SON entities.
2.4.7  Average round trip time on the DL

Definition:  This is the RLC round trip time. It can be defined as the time taken to receive an acknowledgement (positive or negative) for a RLC PDU after it has been sent. It is measured per logical channel and the average value can be obtained per cell for each radio bearer type.
Use case:  This will be used to optimise ARQ related timers in RLC. The intention is to have this measurement reported to OAM and/or SON entities.
2.4.8  Amount of DL data forwarded
Definition:  This is the amount of downlink data forwarded from the source to target eNB at inter-eNB handovers. The average value can be obtained per eNB for each radio bearer type.

Use case:  This will be used primarily to optimise the X2 transport bandwidth. Any network extensions planned can base on this measurement for optimising the X2 transport bandwidth. It will also be used to optimise active queue management in the eNB, e.g., if the amount of forwarded data is too large, active queue management can be adjusted such that more IP packets are dropped. The intention is to have this measurement reported to OAM and/or SON entities.
2.5  RRC layer and other measurements

In addition to the physical, MAC, and RLC layer measurements, there are some more measurements that should be collected from eNBs to monitor system performance, that are mainly related to RRC:

· Number of RRC_CONNECTED users

· Number of call arrivals

· Number of admitted calls

· Rate of admitted calls

· Rate of PCH transmissions

· Number of triggered intra-frequency handovers

· Number of completed intra-frequency handovers

· Number of triggered inter-frequency handovers

· Number of completed inter-frequency handovers

· Number of triggered inter-RAT handovers

· Number of triggered inter-RAT handovers

· Number of radio link failures

· Number of triggered inter-eNB handovers

· Number of completed inter-eNB handovers

These measurements are mainly to check the system loading and to detect any problems in the network. For example, the rate of admitted calls is an important measure to detect congestion and it could be used to perform call admission control, as well as to plan future capacity extensions. The handover rates are important to detect handover problems, and it will be used to adjust mobility parameters as well as some coverage related parameters, such as antenna parameters and transmission powers. For these purposes the measurements should be reported to OAM and/or SON entities at per second to minute order.

These measurements are not expected to influence hardware implementation as for physical layer measurements, and should be rather simple to implement by software. Standardisation should be straight forward as they should only require definitions. It is requested that RAN WG3 takes the main responsibility in standardising these measurements.
3. Conclusions
In response to decisions made at RAN plenary #36 on the issue of standardising eNB measurements, operators provided herewith an initial list of measurement items and their concrete use cases. It is requested that the appropriate WGs take over the main responsibility in standardising these measurements.
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