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1. Introduction
Current L2 measurements performed by E-UTRAN are in order to support E-UTRA radio link operations, RRM, OAM and SON. In dual connectivity, a UE can communicate to two eNBs simultaneously. Three types of bearer are introduced: MCG bearer, SCG bearer and split bearer. The introduction of dual connectivity and new type bearers which involves new radio protocol architecture may have impact on current L2 measurements which only takes in one eNB. We in this contribution give some consideration on L2 measurement in case of DC, and we also propose possible alternatives on how to perform L2 measurement when DC is deployed.   
2. Discussion
2.1 Current L2 measurement
Current L2 measurement which is specified in [1] is performed mainly in layer 2 at eNB, which is used for X2 information exchange e.g. load balancing and OAM performance observability. L2 measurement includes measurement for the following quantities.

Total PRB usage: This measurement is used to measure Uu resource usage; it refers to percentage of averaged PRB used during a time period. The reference point is Service Access Point between MAC and L1. 
PRB usage per traffic class: This measurement is used to measure the Uu resource usage for each QCI which is done separately for DL and UL for each QCI. The reference point is the Service Access Point between MAC and L1. 
Received Random Access Preambles: The measured quantity is the number of received Random Access preambles during a time period over all PRACHs configured in a cell. The reference point is the Service Access Point between MAC and L1.
Number of Active UEs per QCI: This measurement refers to UEs for which there is buffered data for DRBs. It can be used to determine the bitrate UEs achieve. It is done separately for DL and UL. The buffered data for the DL refers to buffered data in MAC, RLC or PDCP protocol layers. For UL, the eNB estimates the buffered data based on BSR, provided SPS grants and progress of ongoing HARQ transmissions.
Packet Delay in the DL per QCI: To calculate the packet delay, the reference point for arrival of packets is PDCP upper SAP and the reference point for successful reception is MAC lower SAP.
Packet Discard Rate in the DL per QCI: This quantity measures the packet discard which has not been transmitted in Uu，one packet corresponds to one PDCP SDU. The reference point is PDCP upper SAP. 
Packet Uu Loss Rate in the DL per QCI: This measurement refers to packet loss which has not been successfully transmitted in Uu. One packet corresponds to one PDCP SDU.  
Packet Loss Rate in the UL per QCI: This measurement refers to packet loss which has not been successfully received in Uu. One packet corresponds to one PDCP SDU. Reference point is the PDCP upper SAP.
Scheduled IP Throughput: This measurement refers to throughput of PDCP SDU bits. It is performed per QCI per UE. For successful reception, the reference point is MAC upper SAP. It is done separately for DL and UL.
Scheduled IP Throughput for MDT: The objective of this measurement is to measure over Uu the IP throughput for MDT. It refers to PDCP SDU bits, and the reference point for successful reception is MAC upper SAP. It is done separately for DL and UL.
Data volume: This measurement is done separately for DL and UL. It refers to amount of PDCP SDU bits delivered from PDCP layer to RLC layer in DL, and amount of PDCP SDU bits successfully received in UL.
2.2 L2 measurement in DC

In this section, we discuss the impact of dual connectivity on L2 measurement and how to perform L2 measurement in such case. As most L2 measurements are performed per QCI, we discuss it from the bearer point of view.
2.2.1 L2 measurement for MCG bearer
In our understanding, as MCG bearer is independently served by resource in MeNB only and the associated radio protocol is only located in MeNB, current L2 measurement scheme can be reused.
Observation 1: Current L2 measurement scheme can be reused for MCG bearer measurement.
2.2.2 L2 measurement for SCG bearer

Similar to MCG bearer, L2 measurement in case of SCG bearer can reuse current measurement scheme.
Observation 2: Current L2 measurement scheme can be reused for SCG bearer measurement.
2.2.3 L2 measurement for split bearer
As split bearer uses both MeNB and SeNB resource for traffic transmission, it is much different from legacy bearer. In the following we give analysis on each measurement.
· Total PRB usage

This measurement is used to reflect the cell load, in DC MeNB and SeNB can perform this measurement for MCG cell and SCG cell respectively. Thus current measurement for total PRB usage can be reused.
· PRB usage per traffic class

MeNB and SeNB can perform this measurement for MCG cell and SCG cell respectively. Thus current measurement for this quantity can be reused.
· Received Random Access Preambles
Each node/cell manages its PRACH. In DC, MeNB and SeNB can perform this measurement for MCG cell and SCG cell respectively. Thus current measurement for this quantity can be reused.
· Number of Active UEs in the DL per QCI/ Number of Active UEs in the UL per QCI
For a UE with split bearer, it has buffered data in both MeNB and SeNB, such UE will be collected by both MeNB and SeNB. For example, in Figure 1, UE2 is a DC UE configured with a split bearer; 2a and 2b are the MCG part and SCG part of the split bearer. UE1 and UE3 are legacy UEs served by eNB1 and eNB3 respectively. For number of active UEs measurement, UE2 will be collected by both eNB1 and eNB2. As such quantity is used to determine UE bitrate, the duplicate measurement may lead to underestimation of the UE bitrate.

[image: image1.emf]1

2

a

2

b

3

eNB1

eNB2

UE1

UE2

UE3


Figure 1 UE transmission in small cell scenario

One possible way may be to perform measurement of UE1 and UE2 separately in eNB1 and measurement of UE2 and UE3 separately in eNB2 as well.
· Packet Delay in the DL per QCI
Take Figure 1 as an example, Figure 2 illustrates radio protocol for Figure 1.
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Figure 2 Radio protocol for Figure 1
Firstly, packets related to split bearers in Figure 2 may encounter more delay due to buffering in order to account for the flow control and non-ideal backhaul delay. So, overall measurements including split and non-split bearers may provide less attractive results, if same QCI has combination of both types of bearers. So, a separate measurement may be defined with the same QCI but for split bearers and non-split bearers.
Then for this measurement of split bearer, there are following options:
· Option 1: exclude split bearer from measurement. Both eNB1 and eNB2 will not measure the quantity for split bearer.

· Option 2: exclude 2b part of split bearer from measurement. eNB1 performs measurement for 2a only; eNB1 does not measure the 2b part of the split bearer. While in eNB2, split bearer i.e. 2b will not be measured as well.

· Option 3: eNB1 performs measurement for 2a and 2b separately. eNB2 does not perform measurement for split bearer. To achieve this, as lack of packet successful reception information which is collected at MAC lower SAP in SeNB, MeNB needs to acquire the time of packet successful reception from SeNB. 

· Option 4: eNB1 and eNB2 perform measurement for 2a and 2b respectively. As there is no PDCP in SeNB, SeNB do not know the arrival time of a PDCP SDU transmitted in SeNB. Therefore for eNB2 to perform measurement for 2b, one way is eNB2 considers the reference point of packet arrival as RLC upper SAP instead of PDCP upper SAP. Another way is eNB2 needs to acquire the arrival time of PDCP SDUs which will be transmitted in SeNB from MeNB, note that X2 delay will be calculated in this case.
· Packet Discard Rate in the DL per QCI
In Figure 1, for this quantity when split bearer is configured, there are following options:

· Option 1: the same as option 1 for packet delay measurement.

· Option 2: the same as option 2 for packet delay measurement.
· Option 3: eNB1 performs measurement for 2a and 2b separately. eNB2 does not perform measurement for split bearer. To achieve this, MeNB needs to acquire packet discard status (e.g. the number of discarded packets/PDU) from SeNB. 

· Option 4: eNB1 and eNB2 perform measurement for 2a and 2b respectively. As there is no PDCP in SeNB, therefore for eNB2 to perform measurement for 2b, eNB2 considers the reference point of packet arrival as RLC upper SAP instead of PDCP upper SAP. 
· Option 5:eNB1 performs measurement for 2a and 2b commonly, eNB2 does not perform measurement for split bearer. The measurement is performed per QCI and SeNB does not have the information about if any packet has been discarded at PDCP in MeNB. It should be enough to count PDCP discard in one eNB i.e. MeNB. It may be discussed if any change in the existing definition is necessary or to agree that SeNB does not perform this measurement on the packets in the buffers occupied by a QCI belonging to split bearers
· Packet Uu Loss Rate in the DL per QCI
In Figure 1, for this quantity when split bearer is configured, there are following options:

· Option 1: the same as option 1 for packet delay measurement.

· Option 2: the same as option 2 for packet delay measurement.
· Option 3: eNB1 performs measurement for 2a and 2b separately. eNB2 does not perform measurement for split bearer. To achieve this, MeNB needs to acquire packet loss status (e.g. the number of loss packets) from SeNB. 

· Option 4: eNB1 and eNB2 perform measurement for 2a and 2b respectively. One aspect is as there is no PDCP layer in SeNB, therefore, for eNB2 to perform measurement for 2b, eNB2 can consider a packet corresponding to one PDCP PDU. Another aspect is if we think one PDCP SDU is mapped to one PDCP PDU, SeNB can consider one packet for this measurement corresponding to one PDCP SDU though there is no PDCP in SeNB.
· Packet Loss Rate in the UL per QCI
As UL bearer split is not supported in Rel12, and PDCP layer is located in MeNB, measurement of this quantity for split bearer will always be able to be performed at MeNB even though UL path is via SeNB, which reuses current scheme. Another option is SeNB may also perform this measurement by looking into PDCP header.
· Scheduled IP Throughput in DL
In Figure 1, for this quantity when split bearer is configured, there are following options:

· Option 1: the same as option 1 for packet delay measurement.

· Option 2: the same as option 2 for packet delay measurement.
· Option 3: eNB1 performs measurement for 2a and 2b separately. eNB2 does not perform measurement for split bearer. To achieve this, MeNB needs to acquire the time of packet successful reception from SeNB.
· Option 4: eNB1 and eNB2 perform measurement for 2a and 2b respectively. As there is no PDCP in SeNB, what SeNB knows is PDCP PDU instead of PDCP SDU; therefore, for measurement for 2b in eNB2, it may be difficult for eNB2 to calculate the actual PDCP SDU bits. 
· Scheduled IP Throughput in UL

Note that UL bearer split is not supported in Rel12, as per the agreement in last RAN2 meeting, UL traffic for split bearer can be configured to be transmitted either in MeNB or SeNB, and thus we have 2 cases. 

· Case 1: UL traffic is transmitted in MeNB link. In this case, we understand it is the same with legacy case, thus current scheme can be reused.

· Case 2: UL traffic is transmitted in SeNB link. In this case, this measurement for split bearer can have following options.

· Option 1: MeNB performs this measurement for split bearer.

In this option, MeNB knows the volume of a data burst bits (PDCP SDU bits), as PDCP is located in MeNB. However, MeNB has no idea about the time of successful packet reception for 2b packets. Thus, in this option, MeNB should acquire this information from SeNB. Note that in this case, X2 delay may be collected for throughput calculation.
· Option 2: SeNB performs this measurement for split bearer.

In this option, SeNB can get the time of successful packet reception time for 2b packets, however due to lack of PDCP layer, SeNB may not know the exact volume of PDCP SDU bits. 
· Scheduled IP Throughput for MDT
The same analysis as for Scheduled IP Throughput in UL/DL can be used. 
· Data volume

· Option 1: As PDCP is in eNB1, eNB1 can perform this measurement for both 2a and 2b commonly or separately by reusing current scheme. eNB2 does not perform this measurement for 2b.
· Option 2: eNB1 and eNB2 perform this measurement for 2a and 2b respectively. However due to lack of PDCP layer, for eNB2 to perform measurement for 2b, eNB2 calculates PDCP PDU bits instead of PDCU SDU bits.
Given above analysis for each measurement, we propose

Proposal: RAN2 is kindly requested to discuss the impact of dual connectivity especially split bearer on L2 measurement and discuss which option is preferred.
3. Conclusions
This contribution gives some consideration on how to perform L2 measurement in DC, we also list some possible options for split bearer case but not provide comparison, we then propose: 

Proposal: RAN2 is kindly requested to discuss the impact of dual connectivity especially split bearer on L2 measurement and discuss which option is preferred.
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