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1. Introduction
According to the current layer 2 measurements defined in TS 36.314 [1], many of the measurements are defined based on the legacy layer 2 protocol stacks, and are calculated within each eNB. While using dual connectivity, the UE has two connections to both MeNB and SeNB, and the UP protocol architecture is changed for either 1A or 3C. In this contribution, we analyze the impacts on layer 2 measurements while applying the UP architectures of dual connectivity, and propose some solutions to support layer 2 measurements of dual connectivity.
2. Discussion
For UP architecture 3C/1A, the impacts on each layer 2 measurement are analyzed as follows:

2.1. Layer 2 measurement analysis on 1A
For UP architecture 1A, the MeNB and SeNB have independent protocol stacks (including PDCP/RLC/MAC/L1), which is the same as the legacy UP architecture of eNB. Based on the definitions of layer 2 measurements in [1], the layer 2 measurements are calculated from the perspective of eNB. Then even though the UE has two connections to both MeNB and SeNB, each eNB can still calculate the layer 2 measurements separately while applying UP architecture 1A. 
But for Scheduled IP Throughput for MDT, the measurement is performed per UE. To sum up the measurements from the MeNB and the SeNB for the per-UE measurement of Scheduled IP Throughput for MDT, we could have the following options:
- Alt 1: SeNB reports the measurements to MeNB. MeNB sums up the measurements in both MeNB and SeNB, and reports the final results to the TCE.
- Alt 2: MeNB and SeNB collect and report the measurement independently. The sum of the measurement results are left to the network implementation.
The sum of the measurements from MeNB and SeNB needs that the measurement period and the sampling occasions to be the same. We think that the detailed synchronization of the measurement can be left to the network implementation. Considering how to correlate MDT results is out of the scope of layer 2 measurement definition, a clarification is needed for the per-UE measurement in TS 36.314. 

Thus, for UP architecture 1A, current layer 2 measurements can be reused except for the Scheduled IP Throughput for MDT measurement.
Proposal 1: To clarify that for the per UE measurement of Scheduled IP Throughput for MDT, 1A needs to sum up the measurements from both the MeNB and the SeNB. Other L2 measurements for 1A can reuse the current definitions.
2.2. Layer 2 measurement analysis on 3C
For DL/UL of UP architecture 3C, PDCP layer is located at the MeNB and independent RLC/MAC/L1 layer are located at both the MeNB and SeNB. Then the original definition/calculation of layer 2 measurements across PDCP and RLC/MAC/L1 needs to be modified. In the following, we analyze each existing layer 2 measurement and conclude some suggestions.
1) PRB usage

PRB usage includes two measurements: total PRB usage and PRB usage per traffic class. The reference point for the measurement collection is the Service Access Point between MAC and L1. As both the MeNB and SeNB of 3C have their own independent MAC and L1, 3C has no impacts on these layer 2 measurements.
2) Received Random Access Preambles

Same as PRB usage measurements, the reference point of Received Random Access Preambles is also the Service Access Point between MAC and L1. Therefore, 3C has no impacts on it too.
3) Number of active UEs
According to the existing definition of Number of Active UEs in the DL per QCI, if the UE has no buffered data for the DL in MAC, RLC and PDCP protocol layers for a Data Radio Bearer of traffic class with QCI = 
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, the UE is inactive for the DL QCI at that moment. The measurement is intended to be part of a calculation to determine the bit rate UEs achieve for OAM when they are active. As the PDCP for one EPS bearer is shared by MeNB and SeNB in 3C, there are some possible options for the measurement:
- Alt 1: Exclude split bearer from measurement. Then the OAM can’t observe the performance of split bearer in the DL;

- Alt 2: The MeNB reports the measurement for the split bearer and the SeNB provides assistance information to the MeNB. For this measurement, the SeNB needs to inform the MeNB whether there is buffered data for the corresponding DL QCI in MAC and RLC layers. However, the sampling occasions of the SeNB and MeNB need to be synchronized, and this introduces signaling overhead between X2.
- Alt 3: The MeNB and the SeNB perform/report measurement for the split bearer respectively. For this measurement, considering the PDCP is located at the MeNB, the SeNB can count buffered data in only RLC and MAC layers. The existing definition in [1] for split bearer in the SeNB needs to be modified.
In R12, UL bearer split is not supported. For number of Active UEs in the UL per QCI, However, the link without PDCP data transmission will still have the RLC STATUS PDU reported. For number of Active UEs in the UL per QCI, the alternatives used for the DL can also be used for the UL. For Alt3, the SeNB can also calculate the measurement in only RLC and MAC layers.
4) Packet Delay in the DL per QCI
For packet delay in the DL per QCI in [1], for arrival of packets the reference point is PDCP upper SAP, and for successful reception the reference point is MAC lower SAP. The three alternatives listed for “Number of active UEs” can also be used for this measurement. For Alt1, the OAM can’t observe the performance of split bearer. For Alt 2, the SeNB needs to inform the MeNB of the time of packet successful reception for each packet. The signaling overhead over X2 is large. For Alt 3, considering the location of PDCP and the signaling overhead over X2, the SeNB can consider RLC upper SAP instead of PDCP upper SAP as the reference point of packet arrival. And the MeNB need to only consider packets which are sent via the radio interface between MeNB and the UE. In this case, the queue delay in PDCP and X2 delay are not considered for the measurement of the SeNB. However, the measurement reflects the status of the SeNB.
5) Date Loss
a) Packet Discard Rate in the DL per QCI
The packet is counted as a discarded packet in the DL with a certain QCI when no part has been transmitted over air and discarded during a certain period in the PDCP, RLC or MAC layers due to reasons other than hand-over. One packet corresponds to one PDCP SDU. The reference point is PDCP upper SAP. The alternatives listed above can be used. For Alt 3, the MeNB and the SeNB can also perform measurement for the split bearer respectively. The PDCP of the MeNB knows which packets are sent to the SeNB. Therefore, the MeNB can only count packets of the split bearer, which are sent from the MeNB to the UE, for Packet Discard Rate in the DL per QCI based on the existing definition in [1]. The SeNB can only consider packets in the RLC or MAC layers, and consider the RLC SDU for the measurement instead of the PDCP SDU. The M/SeNB reports results of split bearers and other bearers respectively. In this case, discarded packets in X2 are not considered. However, considering that the packed discard rate over X2 is rare, it is acceptable for the measurement modification in the SeNB.
Therefore, for “Packet Discard Rate in the DL per QCI”, the SeNB does not have PDCP layer but can consider RLC upper SAP instead of PDCP upper SAP for split bearers. And the MeNB needs only to consider packets which are sent directly from the MeNB to the UE in this case.
b)  Packet Uu Loss Rate in the DL per QCI
The packet is considered as a lost packet in the DL with a certain QCI when at least a part has been transmitted over the air but not positively acknowledged. One packet corresponds to one PDCP SDU. The same alternatives as given above for “Number of active UEs” can be considered. For Alt 3, the MeNB and the SeNB can perform/report measurement for the split bearer respectively. However, in this case, the SeNB consider one RLC SDU as a packet instead of PDCP SDU.
c)  Packet Loss Rate in the UL per QCI
In R12, UL bearer split is not supported. The Reference point of the measurement is the PDCP upper SAP and one packet corresponds for one PDCP SDU. If the UL path is via the MeNB, the existing definition can be reused. If the UL path is via the SeNB, the alternatives are the same as given for the DL. In Alt 3, the SeNB needs to consider RLC upper SAP instead of PDCP upper SAP and look into PDCP header of PDCP PDU for lost packet detection.
6) Scheduled IP Throughput
For Scheduled IP Throughput in DL in [1], packet sizes of PDCP SDU are counted. And for successful reception, the reference point is MAC upper SAP. The alternatives listed above can be used. For Alt 3, if the MeNB and the SeNB perform measurement for split bearer respectively, the SeNB can get the transmission time, but can not get packet sizes of PDCP SDU. Considering that the sizes of PDCP header are smaller than the PDCP SDU, the SeNB can consider RLC SDU bits instead of PDCP SDU bits with acceptable inaccuracy. In this case, the MeNB needs to only consider packets which are sent directly from the MeNB to the UE. When the M/SeNB performs and reports results, it needs to note as results of split bearers.
In order to collect the throughput per QCI for a certain UE in DL, the OAM needs to sum up the measurements from both the MeNB and the SeNB. According to the analysis given for 1A, the details of how to sum up the measurements can be left to the network implementation. And a clarification is needed in TS 36.314[1].
For Scheduled IP Throughput in UL, if the UL path is via the SeNB, the SeNB also can perform measurement for the split bearer via considering RLC upper SAP instead of PDCP upper SAP. 
7)  Scheduled IP Throughput for MDT
The alternatives listed above can be considered. Same as the analysis for Scheduled IP Throughput in DL/UL, the SeNB can perform measurement for split bearer via considering RLC upper SAP instead of PDCP upper SAP and the MeNB needs to only consider packets which are sent directly between the MeNB and the UE. However, the two measurements are performed per RAB per UE or per UE. Therefore, the MeNB or the TCE needs to correlate corresponding results of the MeNB and the SeNB for split bearer. How to correlate MDT results is out of the scope of layer 2 measurement definition. But some clarifications are needed.
8) Data Volume
The objective of the measurement is to measure the data volume transmitted or received in a certain location in a configured measurement period for MDT. The reference point is PDCP upper SAP for both DL and UL. Therefore, it is enough for only the MeNB to collect the measurement. In [1], the objective of the measurement is described as one eNB. The corresponding description needs to be modified when data is transmitted or received from two eNBs for split bearer.
Based on the above analysis for 3C, the following proposals are concluded:
Proposal 2: For split bearer, the current layer 2 measurements for PRB usage, Received Random Access Preambles and Data Volume can be reused.
For the measurements impacted by 3C, three alternatives are given. Alt 1 may not be able to collect the measurements of split bearer. Alt 2 needs to standardize the assistance information transmitted from the SeNB to the MeNB. The signaling overhead may be too much. And we also need to consider the synchronization of the measurements for Alt 2. Alt 3 is preferred as it allows the separate operation at the MeNB and the SeNB, and the impacts of the non-ideal backhaul are avoided.
Proposal 3: For split bearer, the MeNB and the SeNB perform layer-2 measurement results separately.
Proposal 4: For split bearer, the SeNB considers RLC upper SAP instead of PDCP upper SAP for Number of active UEs, Packet Delay, Date Loss, Scheduled IP Throughput and Scheduled IP Throughput for MDT. And the MeNB only considers packets which are sent directly between the MeNB and the UE for these measurements.

In addition, Scheduled IP throughput is performed per QCI per UE, and Scheduled IP throughput for MDT is performed per UE/per RAB per UE. The measurements need to sum up the results from the MeNB and the SeNB. Some clarifications are needed for these L2 measurements.
Proposal 5: For split bearer, to clarify that for the Scheduled IP Throughput in DL and Scheduled IP Throughput for MDT, the measurements need to sum up the results from the MeNB and the SeNB.
3. Conclusion
In this contribution, we analyze the layer 2 measurements impacts brought by UP architecture 1A and 3C. Based on the analysis and observations given above, we have the following proposals:

Proposal 1: To clarify that for the per UE measurement of Scheduled IP Throughput for MDT, 1A needs to sum up the measurements from both the MeNB and the SeNB. Other L2 measurements for 1A can reuse the current definitions.
Proposal 2: For split bearer, the current layer 2 measurements for PRB usage, Received Random Access Preambles and Data Volume can be reused.

Proposal 3: For split bearer, the MeNB and the SeNB perform layer-2 measurement results separately.
Proposal 4: For split bearer, the SeNB considers RLC upper SAP instead of PDCP upper SAP for Number of active UEs, Packet Delay, Date Loss, Scheduled IP Throughput and Scheduled IP Throughput for MDT. And the MeNB only considers packets which are sent directly between the MeNB and the UE for these measurements.
Proposal 5: For split bearer, to clarify that for the Scheduled IP Throughput in DL and Scheduled IP Throughput for MDT, the measurements need to sum up the results from the MeNB and the SeNB.
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