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1 Introduction & Background
In TS 36.314 [1], L2 measurements to support e.g. RRM, OAM and SON functions are specified.  With the measurements, the load of the cell, the number of received RA preambles, the number of active UEs, packet delay, data loss and scheduled IP throughput can be monitored. 
In meeting RAN2#72, L2 measurements for the DeNB and the RN were discussed. It was agreed that the RN performs the measurements in the same way as any other eNB, without taking the Un link into consideration. However, there was no decision on how DeNB performs measurements with regards to its RNs. In this contribution we continue the discussion and propose a way forward.
2 Discussion

This chapter discusses the L2 measurements in the DeNB and makes a proposal how those should be performed in the DeNB. 
There are in principle three possible ways to do L2 measurements in the DeNB:

1. The DeNB excludes the RN from the L2 measurements
2. The DeNB considers the RN as a UE when performing measurements

3. New or changed measurements are specified for the DeNB as regard to RN operation

All three alternatives are discussed next and way forward proposed.

2.1 Alternative 1

In this alternative, the DeNB simply excludes the RN from the L2 measurements. For example, when the packet delay and scheduled IP throughput is calculated, only macro-UEs are considered. This approach has some benefits: 

(+) The specification impact is small. 
(+) Per UE L2 measurements are not impacted by the RN which may have different traffic characteristics due to many UEs being mapped to one RN and seen as one RN on the Un link. In addition, the radio link propagation characteristics can be different for UEs and for RNs.

However, this approach has some disadvantages:

(-) The OAM would not get any information related to RNs’ backhaul performance.

(-) The UE-only measurements will not give a fair representation of the cell conditions, in e.g. the case where there are very few UEs in the cell but many RNs.

(-) The implementation impact of excluding RNs from the measurement can be significant. Most of the L2 measurements are performed per QCI and users are not necessarily separated when making these measurements. 
(-) It is unclear for some measurements exactly how to exclude RNs. E.g. how would PRB usage be measured? Would all resources be counted? The RN may occupy a significant share of resource blocks and then the reported PRB usage would not be in line with other measurements. However, the subframes used for Un operation cannot be excluded from the PRB usage because they are not only used for scheduling RNs – also macro-UEs can utilize those subframes.
2.2 Alternative 2

In this alternative, the DeNB considers the RN as one UE when making measurements. The benefits of this approach are the following:
(+) The RN uses the radio interface and radio resources in the same way as a UE. Thus it is natural that the RN is taken into account in the measurements. 

(+) OAM or such gets more information of the performance of the DeNB cell as compared to the earlier approach. Most of the L2 measurements, such as packet delay and data loss, are monitored per QCI. From the performance point of view, it is not interesting if the packets of a certain QCI belong to an RN or a macro-UE. It is only important that the QoS requirements for a given QCI are fulfilled.
(+) No implementation impact; a DeNB performs measurements as any other eNB. If desired, there are also implementation-specific possibilities to get more detailed information of the RN performance by e.g. mapping RN traffic to data radio bearers of specific QCIs.
(-) The L2 measurements, originally specified for UEs, may be impacted by an RN which can have different nature than UEs. However, the RN is not necessarily different from a high data rate UE in good radio conditions for which no special handling is considered in current measurements.
2.3 Alternative 3
In this alternative, new, additional L2 measurements are defined for the DeNB as regard to RN operation. 
If the RNs are totally excluded from the current L2 measurements including UEs, to obtain corresponding information of the backhaul performance we may need to define the following measurements:
· PRB usage of subframes configured for RN communication. Because also UEs can be scheduled for subframes available for backhaul, to have a detailed load information of those subframes we need:
· Total PRB usage (by RNs and UEs), and
· PRB usage by only RNs

· PRB usage of Un subframes per QCI per UL/DL

· Received Random Access Preambles (from all RNs)

· Number of active RNs per QCI per UL/DL
· Packet delay in DL per QCI (for all RNs)

· Packet discard rate and packet loss rate in DL per QCI (for all RNs)

· Packet loss rate in UL per QCI (for all RNs)

· Scheduled IP throughput per QCI per UL/DL per RN
This list could be continued to have measurements concerning how many UEs are active per RN etc… 

The benefit of this approach is:
(+) Detailed information of the RN backhaul performance can be obtained

But the drawbacks are quite significant:

(-) A significant amount of the measurements needs to be standardized. It is not clear if these are really needed. Maybe only parts of the measurements are needed, but it is unclear which.
(-) A significant implementation impact from new measurements. 

There is also an option that in some of the measurements the RNs are excluded, in some of the measurement RNs are included as UEs and finally, some new measurements. However, this has quite significant standardization impact because it needs to be specified in detail which measurements include RNs and which exclude RNs.

2.4 Preferred alternative and way forward

We consider that the alternative 2 has more benefits than drawbacks and it provides acceptable measurements for a Rel-10 time frame. Hence, alternative 2 is our preference:
Proposal 1 The RN should be considered as a UE when the DeNB performs L2 measurements.
If agreeable to RAN2, this proposal can be captured as an informative note in TS 36.314.
Additionally, in TS 36.314, it is stated that the data loss rate and IP throughput are measured over Uu. With proposal 1, it is clear that also packets transmitted from the DeNB to the RN should be counted in these measurements. This can be clarified in the specification with small changes. 
Proposal 2 Generalize TS 36.314 so that packets transmitted between the DeNB and the RN over the radio interface are not excluded from the L2 measurements..  

If proposals 1 and 2 are agreeable, a CR to TS 36.314 can be drafted along the lines of the text proposal in Section 4.
3 Summary and Conclusions
In this contribution, we have made the following proposals as regard to L2 measurements:
Proposal 1
The RN should be considered as a UE when the DeNB performs L2 measurements.

Proposal 2
Generalize TS 36.314 so that packets transmitted between the DeNB and the RN over the radio interface are not excluded from the L2 measurements.

4 Text proposal

The following text modifications are proposed for TS 36.814.
1st Text Proposal
4.1
E-UTRAN measurements
NOTE: 
The RN should be considered as a UE when the eNB to which the RN is connected performs L2 measurements.  
2nd Text Proposal
4.1.5.2
Packet Loss Rate in the DL per QCI

The objective of this measurement is to measure packets that are lost at in the DL over the radio interface, for OAM performance observability. 

Protocol Layer: MAC, RLC, PDCP
	Definition
	Packet Loss Rate in the DL over the radio interface 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:
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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
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	Packet Loss Rate in the DL per QCI. Unit: number of lost packets per transmitted packets * 106, Integer. 
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	Number of DL packets, of a data radio bearer with QCI = 
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, for which at least a part has been transmitted over the air but not positively acknowledged, and it was decided during time period 
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 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.
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	Number of DL packets, of a data radio bearer with QCI = 
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, which has been transmitted over the air and positively acknowledged during time period 
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	Time Period during which the measurement is performed, Unit: minutes (NOTE).


3rd Text Proposal
4.1.6
Scheduled IP Throughput
The objective of this measurement is to measure over the radio interface the IP throughput independent of traffic patterns and packet size. This measurement is mainly intended for data bursts that are large enough to require transmissions to be split across multiple TTIs. The measurement is performed per QCI per UE. Initial buffering time in UE or eNB is excluded.
4.1.6.1
Scheduled IP Throughput in DL
Protocol Layer: PDCP, RLC, MAC
	Definition
	Scheduled IP Thoughput in DL. Throughput of PDCP SDU bits in downlink for packet sizes or data bursts that are large enough to require transmissions to be split across several TTIs, by excluding transmission of the last piece of data in a data burst. Only data transmission time is considered, i.e. when data transmission over the radio interface has begun but not yet finished. Each measurement is a real value representing the throughput in kbits/s. The measurement is performed per QCI per UE. For successful reception, the reference point is MAC upper SAP. 

This measurement is obtained by the following formula for a measurement period:
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For small data bursts, where all buffered data is included in one initial HARQ transmission,  
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Explanations of the parameters can be found in the table 4.1.6.1-1 below.


Table 4.1.6.1-1
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	The time to transmit a data burst excluding the last piece of data transmitted in the TTI when the buffer is emptied. A sample of “ThpTimeDl” for each time the DL buffer for one E-RAB is emptied.
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	The point in time after T2 when data up until the second last piece of data in the transmitted data burst which emptied the PDCP SDU available for transmission for the particular E-RAB was successfully transmitted, as acknowledged by the UE.
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	The point in time when the first transmission begins after a PDCP SDU becomes available for transmission, where previously no PDCP SDUs were available for transmission for the particular E-RAB.
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	The volume of a data burst, excluding the data transmitted in the TTI when the buffer is emptied. A sample for ThpVolDl is the data volume, counted on PDCP SDU level, in kbits successfully transmitted (acknowledged by UE) in DL for one E-RAB during a sample of ThpTimeDl. It shall exclude the volume of the last piece of data emptying the buffer.


4.1.6.2
Scheduled IP Throughput in UL

Protocol Layer: PDCP, RLC, MAC
	Definition
	Scheduled IP Throughput in UL. eNB estimate of the throughput of PDCP SDU bits in uplink for packet sizes or data bursts (where a UL data burst is the collective data received while the eNB estimate of the UE buffer size is continuously above zero) that are large enough to require transmissions to be split across several TTIs, by excluding transmission of the last piece of data. Only data transmission time is considered, i.e. when data transmission over the radio interface has begun but not yet finished. Each measurement is a real value representing the throughput in kbits/s. The measurement is performed per QCI per UE. For successful reception, the reference point is MAC upper SAP.
This measurement is obtained by the following formula for a measurement period:
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For small data bursts, where all buffered data is included in one initial HARQ transmission 
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Explanations of the parameters can be found in the table 4.1.6.2-1 below.


Table 4.1.6.2-1
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	The time to transmit a data burst excluding the data transmitted in the TTI when the buffer is emptied. A sample of “ThpTimeUl” for each time the UL buffer for one E-RAB is emptied.
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	The point in time when the data up until the second last piece of data in data burst has been successfully received for a particular E-RAB 
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	The point in time when transmission is started for the the first data in data burst for a particular E-RAB.
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	The volume of a data burst, excluding the data transmitted in the TTI when the buffer is emptied. A sample for ThpVolUl is the data volume counted on PDCP SDU level in kbits received in UL for one E-RAB during a sample of ThpTimeUl, (It shall exclude the volume of the last piece of data emptying the buffer).


End of Text Proposal
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