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1
Introduction
LTE advanced aims to support peak data rates of 1 Gbps in the downlink and 500 Mbps in the uplink. In order to fulfill such requirements, a transmission bandwidth of up to 100 MHz is required; however, since the availability of such large portions of contiguous spectrum is rare in practice, LTE-Advanced uses carrier aggregation of multiple Component Carriers (CCs) to achieve high-bandwidth transmission. LTE-advanced supports aggregation (CA) of up to five 20 MHz CCs .
Standardized eNB measurements were never tailored to reflect CA operation and benefits. Even though initial deployments of CA realize two CCs, operator development plans for higher order CA become a fact and limitations of the eNB measurements in new deployments will become a deficiency for operators wishing to observe CA. In this contribution we discuss the limitation of evaluating IP scheduled throughput for CA UEs with part of data transmitted via SCells and propose a way forward.
2
Discussion
2.1
Background
In CA mode the UE is connected to the PCell. Other CCs (SCells) are simply considered as additional transmission resources.  The multiple CCs of carrier aggregation are not visible to the Packet Data Configuration Protocol (PDCP) and Radio Link Control (RLC) layers, and these protocols are therefore unchanged from LTE Release 8 except to enable them to support data rate up to 1Gbps.  Introduction of carrier aggregation (from Release 10) influenced mainly MAC and physical layer protocols. The multiple CCs of carrier aggregation are first visible at MAC layer, each CC has its own independent HARQ entity.
2.2
Limitations in observing CA
CA has been developed to fulfil the aim to support peak data rates of 1 Gbps in the downlink and 500 Mbps in the uplink. The main benefit of CA feature, i.e. support of high data rates achieved by activation of multiple component carriers– shall be visible both from cell and also end user point of view on PDCP layer. To observe the CA benefit, an intuitive metric to use would be (end user) throughput. 
Observation 1: A throughput measure can reflect CA benefit.

Current standard allows two types of Scheduled IP Throughput measurement: 

· Scheduled IP Throughput (per QCI per UE), and 

· Scheduled IP Throughput for MDT purposes (per RAB per UE, per UE)

While regarding the PDCP SDU cell throughput and total IP scheduled (end user) throughput it can be measured in the same way as those ones from previous releases according to 3GPP 32.314:

	4.1.7
Scheduled IP Throughput for MDT
This measurement is mainly intended for measuring the throughput for MDT when the radio interface is the bottleneck.The objective of this measurement is to measure over Uu the IP throughput independent of traffic patterns and packet size.
For a data burst that spans measurement periods, the eNB splits the data burst at the measurement period boundary.
4.1.7.1
Scheduled IP Throughput for MDT in DL

Protocol Layer: PDCP, RLC, MAC
Definition

Scheduled IP Throughput for MDT in DL. Throughput of PDCP SDU bits in downlink for data bursts that are large enough to require transmissions to be split across several TTIs, by excluding the data transmitted in the last TTI of the data burst. Only data transmission time is considered, i.e. when data transmission over Uu has begun but not yet finished. The measurement is performed per RAB per UE, and also per UE. For successful reception, the reference point is MAC upper SAP. 

A data burst begins at 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 E-RAB (in per E-RAB per UE case) or for any E-RABs of the UE (in per UE case).  The data burst ends at the point in time when transmissions are successfully completed and there is no portion of a PDCP SDU pending transmission for the E-RAB (in per E-RAB per UE case) or for any E-RABs of the UE (in per UE case).

This measurement is obtained by the following formula for a measurement period:
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Explanations of the parameters can be found in the table 4.1.7.1-1 below.



Table 1: Scheduled IP Throughput measurement; Excerpt from 36.314v12.0.0 
A problem seems to appear when evaluating IP scheduled (end user) throughput for CA UEs with part of data transmitted via SCell(s) due to the following reasons:

· the measurement is an estimate of the throughput of PDCP SDU bits, while the multiple CCs of carrier aggregation are not visible to the PDCP nor to RLC layer.   

· one PDCP SDU frame related to CA UE with activated one or more SCells may be partly transmitted via PCell and one of the SCells, or via two SCells configured for the UE. 
· the measurement does not distinguish CA and non-CA mode nor SCell activation of a UE

Observation 2: PDCP SDU bits counted according to Scheduled IP Throughput measurement are treated uniformly for CA or non-CA relevant mode.
Since CA mode and its activation is transparent in context of the existing Scheduled IP Throughput, an averaged end user throughput cannot be selectively scheduled for CA UEs. Operator wishing to observe throughput gained thanks to CA can obtain a result from collectively calculated throughput from CA and non-CA UEs. The existing measurement can be scheduled in an area that enables CA, towards particular UEs, however the distinction between CA specific and non-CA frames is out. As the CA feature is intended to be applied only on restricted number of UEs therefore it is important to measure the IP scheduled throughput of those group of UEs only in order to demonstrate the benefit of the feature. To provide a total end user throughput will however deform and underestimate the benefits of the CA feature.

Thus, operator does not have reliable indicators/measurements to monitor end user throughput which results from activated Scells.
Observation 3: The existing Scheduled IP Throughput measurement is not reliable to monitor specifically CA end user throughput which results from activated Scells.
2.3
How to observe CA Throughput
CA deployments are gaining momentum; hence it is worthwhile to consider tailoring of the measures crucial for CA assessment. Having CA deployments available, operators request an aggregation to obtain (and monitor) higher throughput. In order to have the advantage to observe CA specific throughput we provide a conceptual insight into how the existing measurement can be enhanced. Generally, a preference should be to use the existing measurement as a baseline. Since an interest is throughput measured towards CA UEs we observe that the measurement introduced in Rel-11 for MDT purposes (i.e. Scheduled IP Throughput per UE) will serve the baseline more appropriately.
Further, an eventual extension should take into account actual CA operation.The activation and deactivation of CA is executed by means of MAC Control Elements, which can activate or deactivate one or more SCells indicated by an 8-bitmap. A timer may also be used for automatic deactivation if no data or PDCCH messages are received on a CC for a certain period. The timing of activation and deactivation is carefully defined in order to ensure that there is a common understanding between the eNB and the UE. If a MAC control element activating an SCell is received in subframe n, then the SCell has to be ready for operation in subframe n+8. If a MAC control element deactivating an SCell is received (or deactivation timer expires) in subframe n, CSI reports cease from subframe n+8. 
When Scell activation flag has been sent on MAC to UE in the next 4 TTIs the SCell(s) has been activated and since this time Scheduled IP Throughput is relevant for CA. Having the recognition on the MAC-controlled mechanism and timing, we note that the PDCP based Scheduled IP Throughput measurement according to 36.314 can be adapted to CA needs. 
Observation 4: The Scheduled IP Throughput for MDT measurement can reflect actual CA throughput, if refers to MAC controlled operations of activation/deactivation of CA feature.
A method for evaluation of the IP scheduled throughput for CA UEs with activated one, two, three or four SCells per UE and per E-RAB could be done by:

· measurement of the PDCP SDU volume by counting the size of the PDCP SDU frames only if transmitted with activated given number of SCells per a UE. 
· PDCP layer awareness of activation/deactivation of the given SCell can be realized by receiving an activation/deactivation internal message from MAC layer of which sending is always delayed by 8 subframes (since when MAC control activation/deactivation element has been sent to UE)
· dividing the PDCP SDU volume obtained with that procedure by active time of CA UEs and of E-RAB with data in the buffer and in parallel activated one, two, three or four SCells, respectively. 
· The IP scheduled throughput shall follow all the other principles mentioned in 3GPP 36.314 
Detailed principle is shown in the following Figure 1. 
.
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The active time CA  UEs/E - RABs with  data in the RLC  buffer and fou r  activated SCells for a  UE  

IP scheduled  throughput for CA UEs  with activated one   SCell per   UE/E - RAB   IP scheduled  throughput for CA UEs  with activated  two   SCel ls   per   UE/E - RAB     IP scheduled  throughput for CA UEs  with activated  three   SCel ls   per   UE/E - RAB     IP scheduled  throughput for CA UEs  with activated  four   SCel ls   per   UE/E - RAB    


Figure 1: Principle of the method
As it can be seen in the Figure 1, regarding the PDCP layer a selection only on PDCP SDU frames belonging to CA UEs with at least one SCell configured is done in the first step. In the second step the PDCP SDU frames successfully transmitted pegs one of the four PDCP SDU volume counters depending on the number of the SCells activated for the UE the evaluated PDCP SDU frame belongs to. In case there is no SCell activated for the UE no counter is pegged.

In parallel the MAC layer sends an activation/deactivation internal message to PDCP layer on a per SCell basis. The sending of the message is delayed by 8 subframes to time when MAC Activation/deactivation control element is sent to UE. The same internal message is also sent to RLC layer where it is need to measure active time of CA UEs/E-RABs with data in the RLC buffer and in parallel activated given number of SCells. At the final step the IP scheduled throughput for CA UEs with activated one, two, three or four SCells per UE and per E-RAB is calculated from the partial results obtained in PDCP and RLC layers.

There might be different variations of detailed calculations, but the fundamental output of the analysis reveals that the existing Scheduled IP Throughput measurement can be tailored for CA needs if uses the reference to MAC controlled activation/deactivation mechanism for CA.
Proposal: For CA throughput assessment the existing Scheduled IP Throughput for MDT measurement is enhanced by counting the volume of the PDCP SDU frames only if transmitted with activated given number of SCells. 
The proposed design is proposed in the corresponding CR in [4]. 
3
Conclusion
This contribution deal with the limitation of evaluating IP scheduled throughput for CA UEs with part of data transmitted via SCells. Based on the analysis and following observations:
Observation 1: A throughput measure can reflect CA benefit.

Observation 2: PDCP SDU bits counted according to Scheduled IP Throughput measurements are treated uniformly for CA or non-CA relevant mode.

Observation 3: The existing Scheduled IP Throughput measurements are not reliable to monitor specifically CA end user throughput which results from activated Scells.
Observation 4: The Scheduled IP Throughput for MDT measurement can reflect actual CA throughput, if refers to MAC controlled operations of activation/deactivation of CA feature.
We propose:

Proposal: For CA throughput assessment the existing Scheduled IP Throughput for MDT measurement is enhanced by counting the volume of the PDCP SDU frames only if transmitted with activated given number of SCells. 
The corresponding CR is in [4].
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