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1. Introduction

As Dual Connectivity is applied, some current L2 measurements have to be again considered due to new split bearer. This paper will discuss how to define L2 measurements in Dual Connectivity, especially for split bearer.
2. Discussion
2.1
L2 measurements for MCG and SCG bearer
Since the separate L2 will be worked for MCG and SCG bearer respectively, the current L2 measuremetns can be also applied even to MCG and SCG bearer, i.e. MeNB and SeNB can perform L2 measurements for MCG and SCG bearer respectively.
Proposal 1: The current L2 measurements are reused for MCG and SCG bearer.
2.2
L2 measurements for split bearer
For split bearer, a common PDCP in MeNB, and separate MAC and RLC in MeNB and SeNB respectively will be performed. Therefore, depending on the definition and intention for each L2 measurement, a few L2 measurements might need to be modified in order to support split bearer. 
For simplicity, an approach, to exclude split bearer in L2 measurements, could be considered. However, it would pervert the actual E-UTRAN status and then become useful no longer in the use cases such as cell load balancing, OAM performance observability, RACH configuration optimization and MDT. Since split bearers would occupy not a few resources, it seems desirable that split bearer is also considered in L2 measurements.
As L2 measurements are applied to split bearer, most problems are originated from no PDCP in SeNB. If MeNB provides the information collected in PDCP to SeNB via X2, SeNB can mostly perform current L2 measurements without any modification. However, this information sharing would result in new burden in RAN3. Therefore, if SeNB also performs L2 measurements on split bearer, the information shared between MeNB and SeNB has to be carefully considered. It means that MeNB and SeNB have to try to perform L2 measurements independently. But, it might not be feasible for all L2 measurements.
As an alternative, MeNB only can be responsible to perform L2 measurements, i.e. SeNB doesn’t perform L2 measurements on split bearer at all. In that case, we might exclude some complex approaches, but if someone wants to know per-eNB measurement on SeNB, the actual status on SeNB would be perverted by excluding impact from split bearers. Therefore, SeNB could need to perform L2 measurements on the SeNB link in split bearer if possible.
If we want to see a per-UE measurement (e.g. thoughput/volume), MeNB should be able to provide the total picture for that UE, i.e. it is strange to separately request the parts of measurement result from both MeNB and SeNB. Even though MeNB and SeNB perform independently L2 measurements to reduce the X2 signalling overhead, SeNB would report the final results of the completed L2 measurements to MeNB.

Consequently, the following principles would be acceptable:
Principle 1: MeNB and SeNB should perform L2 measurements as independently as possible.
Principle 2: SeNB shall report the final results of the L2 measurements collected in SeNB toward MeNB such that MeNB can provide a total picture of a UE. It is involved with both split bearer and SCG bearer.
In order to support L2 measurements for split bearer, there would be some modifications. Let’s check the modification for each L2 measurement.
· Total 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 and OAM performance observability. The reference point collecting the data is SAP (Service Access Point) between MAC and L1 as shown in Fig.1. Since each eNB possesses an independent MAC, it can collect data for usage of radio resources. Also, it is desirable for each eNB to independently measure and utilize it for cell load balancing. 
Accordingly, current L2 measurement would be reused even for split bearer. 
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Fig. 1
Reference point for Total PRB usage.
· PRB usage per traffic class
This measure is so similar to ‘Total PRB usage’. Therefore, current L2 measurement would be also reused for split bearer.
· Received Random Access Preambles
It is for RACH configuration optimization. Since the reference point is the SAP between MAC and L1 as in Fig. 1, each eNB can easily collect it. With the same reason in ‘Total PRB usage’, current L2 measurement would be also reused for split bearer.
· Number of Active UEs in the DL per QCI
The objective of the measurement is OAM performance observability. It is used to calculate the bitrate that a active UEs achieve. The current definition of the measurement is the number of UEs for which there is buffered data for the DL in MAC, RLC or PDCP protocol layers. In SeNB, the buffered data in MAC or RLC can be considered instead of PDCP. It means that current L2 measurement would be reused for split bearer, and both eNB can measure that.
· Number of Active UEs in the UL per QCI

It is same as ‘Number of Active UEs in the DL per QCI’.

· Packet Delay in the DL per QCI

The use case of the L2 measurement is OAM performance observability. With current definition, the delay is calculated from the arrival time of a packet in PDCP to successful reception in MAC. 
We assume that each eNB collects the packet delay per QCI independently per eNB even though split bearer is involved with both MeNB and SeNB. For the MeNB link of a split bearer, i.e. MeNB-UE link, the current definition can be reused because there is a full layer stack in MeNB. On the other hand, as calculating the delay for the SeNB link of the split bearer, i.e. SeNB-UE link, MeNB cannot know when to receive HARQ feedback indicating final successful reception of PDCP SDU. Therefore, MeNB cannot compute the delay for the packets transferred over SeNB link. Similarly, SeNB cannot also calculate the packet delay over SeNB link because SeNB cannot know when a PDCP SDU arrives at MeNB PDCP.
One solution to compute the packet delay over SeNB link is to change the reference point for successful reception. For example, SeNB can use when the first PDCP PDU belonging to a PDCP SDU arrives at RLC upper SAP in SeNB, as the new reference point for arrival of packet.Then SeNB can calculate the L2 packet dealy except for PDCP processing time and X2 delay. If SeNB forwards the calculated delay to MeNB, MeNB can estimate the delay over SeNB link while considering the expected PDCP processing time and X2 delay.
 As an alternative, MeNB only collects the delay of SeNB link while SeNB provides time information of successful reception to MeNB. In that case, SeNB doesn’t have the computed delay if MeNB doesn’t provide that. 
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Fig. 2
Reference point for Packet Delay in the DL per QCI.
· Packet Discard Rate in the DL per QCI
Since for this measurement, the reference point is PDCP upper SAP in MeNB, it cannot be derived in SeNB at all. MeNB can re-use the current definition to derive the packet discard rate in split bearer. Of cause, the result would be involved with SeNB link as well as MeNB link. 
The discussion point is whether the similar measurement even in SeNB is required or not. If so, we can assume the reference point is RLC upper SAP in SeNB because there is no PDCP in SeNB. To do it, we could need the verification of usefulness and feasibility because the discard rate of PDCP PDU is quite different from that of PDCP SDU.
· Packet Uu Loss Rate in the DL per QCI

Same as above ‘Packet Discard Rate in the DL per QCI. 
· Packet Loss Rate in the UL per QCI

At least in Rel-12, UL split bearer will not be supported. Even though UE doesn't perform the simultaneous transmissions via both MeNB and SeNB, it can be assumed that UE can still have the split bearer in UL and then transmit data via one link only at a timing. The rate measured in MeNB PDCP will reflect the impact of SeNB link (routed via SeNB) as well as MeNB link (routed via MeNB).

The argument is whether even SeNB will perform the similar L2 measurement or not.

If so, we can consider SeNB calculates the rate with new reference point, i.e. SeNB RLC upper SAP.
In other words, same as above ‘Packet Discard Rate in the DL per QCI.

· Scheduled IP Throughput in DL

Same as above ‘Packet Discard Rate in the DL per QCI. 
· Scheduled IP Throughput in UL

Same as above ‘Packet Discard Rate in the DL per QCI.
· Scheduled IP Throughput for MDT in DL
Same as above ‘Packet Discard Rate in the DL per QCI.
· Scheduled IP Throughput for MDT in UL

Same as above ‘Packet Discard Rate in the DL per QCI.
· Data Volume in DL

Same as above ‘Packet Discard Rate in the DL per QCI.
· Data Volume in UL

Same as above ‘Packet Discard Rate in the DL per QCI.
3. Conclusion
It is proposed that
Proposal 1: The current L2 measurements are reused for MCG and SCG bearer.

Proposal 2: For split bearer, MeNB and SeNB independently perform the following L2 measurements by re-using the current definition:
· Total PRB usage, 

· PRB usage per traffic class, 

· Received Random Access Preambles, 

· Number of Active UEs in the DL per QCI and 
· Number of Active UEs in the UL per QCI.

Proposal 3: For Packet Delay in the DL per QCI, MeNB re-uses the current definition to calculate the delay over MeNB link of a split bearer. To calculate the delay over SeNB link of the split bearer, the following solutions can be considered:
· SeNB calculates with new reference point. 
· SeNB provides time information of successful reception to MeNB. MeNB calculates the delay with the information.
Proposal 4: MeNB performs the following L2 measurements by re-using the current definition:
· Packet Discard Rate in the DL per QCI
· Packet Uu Loss Rate in the DL per QCI
· Packet Loss Rate in the UL per QCI
· Scheduled IP Throughput in DL
· Scheduled IP Throughput in UL
· Scheduled IP Throughput for MDT in DL
· Scheduled IP Throughput for MDT in UL
· Data Volume in DL
· Data Volume in UL
Since there is no PDCP in SeNB, SeNB cannot perform the above measurements. If SeNB by itself needs to perform the similar L2 measurements, RLC upper SAP in SeNB can be considered as new reference point.
Proposal 5: SeNB shall report the final results of the L2 measurements collected in SeNB toward MeNB such that MeNB can provide a total picture of a UE. It is involved with both split bearer and SCG bearer.
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5. Annex
In the previous meeting, NEC (R2-142518) and Fujitsu (R2-142260) already introduced this issue. The following table summarizes the view from companies. (The table doesn’t include the approach to exclude splite bearer in L2 measurements.) 
	
	Samsung
	NEC
	Fujitsu

	Total PRB usage
	Not needed for change
	Not needed for change
	Not needed for change

	PRB usage per traffic class
	Not needed for change
	Not needed for change
	Not needed for change

	Received Random Access Preambles
	Not needed for change
	Not needed for change
	Not needed for change

	Number of Active UEs in the DL per QCI
	Not needed for change 

	Not needed for change
	Separate measurement in MeNB and SeNB in order to avoid duplication

	Number of Active UEs in the UL per QCI

	Not needed for change
	Not needed for change
	Same as above

	Packet Delay in the DL per QCI

	For MeNB link, MeNB re-uses current measurement.
For SeNB link,

1) SeNB calculates with new reference point. 

2) SeNB provides time information of successful reception to MeNB. MeNB calculates the delay with the information.
	Performed also in SeNB (acquire arrival time in PDCP from MeNB, or apply arrival time in SeNB RLC)
	Performed in MeNB only

(acquire successful reception in SeNB MAC from SeNB) or

Performed also in SeNB

(acquire arrival time in PDCP from MeNB, or apply arrival time in SeNB RLC)

	Packet Discard Rate in the DL per QCI

	MeNB re-uses the current definition.
If SeNB needs to perform this measurement, the new reference point would be used.
	Not performed in SeNB
	Performed in MeNB only

(acquire packet discard status from SeNB) or 

Performed also in SeNB

(acquire arrival time in PDCP from MeNB, or apply arrival time in SeNB RLC)

	Packet Uu Loss Rate in the DL per QCI
	Same as above ‘Packet Discard Rate in the DL per QCI
	Not needed for change
	Performed in MeNB only

(acquire packet loss status from SeNB) or 

Performed also in SeNB

(consider a packet corresponding to one PDCP PDU)

	Packet Loss Rate in the UL per QCI

	Same as above ‘Packet Discard Rate in the DL per QCI
	Not needed for change
	Not considered because split bearer is not supported in UL

	Scheduled IP Throughput in DL
	Same as above ‘Packet Discard Rate in the DL per QCI
	Not needed for change
	Performed in MeNB only

(acquire successful reception in SeNB MAC from SeNB) or

Performed also in SeNB

(acquire information on actual PDCP bits from MeNB)

	Scheduled IP Throughput in UL

	Same as above ‘Packet Discard Rate in the DL per QCI
	Not needed for change
	In UL traffic via SeNB:

Performed in MeNB only

(acquire successful reception in SeNB MAC from SeNB) or

Performed in SeNB only

(acquire information on actual PDCP bits from MeNB)

	Scheduled IP Throughput for MDT in DL

	Same as above ‘Packet Discard Rate in the DL per QCI
	No remark
	Same as Scheduled IP Throughput in DL

	Scheduled IP Throughput for MDT in UL

	Same as above ‘Packet Discard Rate in the DL per QCI
	No remark
	Same as Scheduled IP Throughput in UL


	Data Volume in DL

	Same as above ‘Packet Discard Rate in the DL per QCI
	No remark
	Performed in MeNB only

or

Performed also in SeNB

(consider PDCP PDU bit instead of PDCP SDU  bit)

	Data Volume in UL

	Same as above ‘Packet Discard Rate in the DL per QCI
	No remark
	Same as above
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