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1. Introduction
In this contribution, we highlight the benefits of knowing where user data traffic (uplink and downlink) is generated within a cell so that operator can ensure that targeted capacity is provided where traffic is being generated.  We consider the benefits and issues of a UE based approach and network based approach for obtaining Traffic Volume measurement with accurate location information. 
2. Importance of knowing where the Traffic is Generated Within a Cell
With the rapid increase in smart phone population and the resulting growth of mobile data traffic, operators need to significantly and constantly increase the mobile network capacity in order to satisfy the customers’ demands. From a user perspective, the data service has to be ubiquitous, irrespective of hot spots, cell edges and rural areas. Moreover, the Quality of Service is expected to be comparable to fixed networks. 

One challenge faced by operators in trying to satisfy customer expectations is to be able to identify where traffic hotspots are within a cell so that capacity can be provided in those regions e.g. by deploying small cells such as pico cells, WiFi hotspots or Relays. Data traffic distribution within a cell is inhomogeneous and depends on where subscribers in a cell tend to concentrate e.g. shopping area or train station but also on usage habits of subscribers in a certain location.  Identifying that extra capacity is needed in a shopping centre is probably intuitive enough. However, it is much more difficult for the operator to figure out that a group of users at a certain bus station generate a lot of data while they are waiting for the bus! Moreover, user throughput measurements do not give a clear indication about the traffic demands in various regions within a cell since the achieved throughput is strongly influenced by the loading of the cell and available capacity to serve all UEs in the cell. 
Proposal 1: Operator should have accurate geo-location information of where data traffic is generated within a cell. 
3. Options for UL and DL  Traffic Volume Reporting with Geo-location Information

3.1.1. UL Traffic Volume

There are basically two approaches for the network to obtain the amount of UL traffic volume generated by a UE together with information about the location where the traffic was generated:

UE Approach

According to this approach, UE performs measurements of the amount of UL traffic it generates within a certain measurement period and also obtains an accurate location of the UE during that measurement period. 
The UL traffic volume measurement together with information about the accurate location of the UE is reported to the network. 

Network Approach

According to this approach, network evaluates the amount of UL traffic generated by a UE based on measurement reports sent by the UE about the amount of uplink traffic it has to send.  Network should also obtain information about the accurate location of the UE at the point where the UL traffic volume measurement is made. 
3.1.2. Downlink Traffic Volume

For downlink traffic volume measurement, network would be in a better position to evaluate the amount of DL traffic for the UE. In order for the measurement to be useful for MDT purposes though, network should have a way to obtain accurate location information of the UE at the point where DL traffic volume measurement is made. 
4. Feasibility of UE approach for UL Traffic Volume Measurement
4.1 UTRA
RRC: Traffic Volume measurement (See TS 25.331 [1]) reporting already exists for UTRA and is used to report information about the RLC buffer occupancy to the RNC. This information is used for dynamic radio bearer control. Futher details of the existing RRC UL Traffic Volume measurement reporting is given in Appendix A.1.

In principle, the RRC signalling for UL Traffic Volume measurement could be extended for the purpose of MDT.  The following section considers some possible changes. 

4.2. Uplink Traffic Volume Reporting for MDT

In this section we consider what changes are required to the RRC Traffic Volume reporting mechanism in order to support MDT. 
Buffer occupancy v/s Total Traffic Volume Generated. 
The average buffer occupancy reported in the Traffic Volume Measurement report is not only dependent on the amount of traffic generated over the averaging period but also depends on how fast the MAC layer is able to send the data on the uplink i.e. a transport channel providing higher uplink throughput would result in lower average buffer occupancy for radio bearers served by that transport channel. Since the UE (MAC) is aware of how much data has been successfully sent on the uplink in between reception of buffer occupancy measurements, it seems possible for UE to determine the total traffic volume generated and report that to RNC.  This information will be a better reflection of the generated traffic by a UE.
Proposal 2: For UTRA, RAN2 should consider possibility of introducing a ‘Total Traffic Volume generated’ measurement in MAC based on Buffer occupancy information and amount of data sent during a measurement period. 
Periodic Approach v/s Event Triggered Approach

User data traffic is generally bursty and there might be long intervals between UE generating traffic. If a periodic reporting approach is used, there will be a large number of ‘empty’ reports sent to the network since UE had no data to send. Hence, an event triggered approach, based on when the UE has a certain volume of data in its buffer, is a more appropriate reporting mechanism than periodical reporting. For event triggered reporting, the threshold to send a measurement report should not be too low such that reports are generated for insignificant amounts of data generated in the UE. On the other hand, it should also not be too high so that only a few UEs generating a large amount of data send measurement reports. It is also important for the network to know where there is a concentration of a large number of UEs generating moderate amounts of data. 
Proposal 3: The reporting of Traffic Volume Measurement for the purpose of MDT is based on an event triggered approach. The criteria for the event triggering might be different to existing triggers for Traffic volume reporting in UTRA. 
Location Information
Since the purpose of traffic volume measurement is to identify hot spot locations within a cell, it is mostly beneficial to report accurate location information (5m -50m accuracy)   together with the traffic volume information. Such accurate location reporting should be feasible if UE supports GPS functionality or some control plane positioning functionality. 

In case the GPS function of the UE is not on, RAN2 should discuss the possibility for a UE to turn on it accurate positioning functionality for the purpose of obtaining accurate location information to include in the UL Traffic Volume Measurement report. If the event is triggered infrequently, it should not require that the accurate positioning function is run continuously. For example, GPS would only be turned on when the UE is in connected mode and has a certain amount of data to send on the uplink. It is also likely that the traffic volume measurement can be made over a long enough period to enable UE to acquire its GPS location. 
Proposal 4: RAN2 should discuss the possibility of UE turning on any accurate positioning function for the purpose of obtaining accurate location information to include in the Traffic Volume measurement report.  The method by which such accurate positioning functions are activated is FFS
Timing Information

The mechanism for reporting Traffic Volume measurement is analogous to immediate MDT and it should be possible for the network to tag any received traffic volume measurement report with timestamp information before forwarding the report to the OAM server.
Proposal 5: The RNC should include the timestamp in the Traffic Volume measurement report before forwarding to OAM. 
Optional v/s Mandatory

It is evident that the traffic volume and location reporting functionality will only be effective if all UEs support the feature. Otherwise, the evaluated traffic volume in a certain location in a cell will not reflect the true amount of traffic generated in that region if some UEs (which could potentially be generating a lot of traffic) do not send the traffic volume measurement. Thus, similarly to immediate MDT, the reporting of traffic volume and location information should be mandatory for all UEs. 
Proposal 6: All UEs should support reporting of Traffic Volume measurement with available location information.
EUTRA

In principle, similar mechanisms introduced in UTRA for Traffic Volume reporting could also be introduced for EUTRA. However, the signalling changes for EUTRA would be more significant since no existing RRC signalling mechanism exists for UL Traffic volume measurement reporting. 

Proposal 7: If a UE approach is adopted for UTRA UL Traffic Volume reporting, RAN2 should consider introducing a similar mechanism for UL Traffic Volume reporting in EUTRA. 

5. Feasibility of Network Approach for UL Traffic Volume Reporting

In UTRA, RNC receives Uplink Traffic volume measurements via RRC signalling and if the UL transport channel is E-DCH, the Node B will also obtain E-DCH MAC buffer status information (TS 25.321 [2]). In EUTRA (TS36.331 [3]), no RRC signalling of traffic volume measurement exists but the eNB (MAC) receives Buffer Status Reports from the UE. 

Thus, for both UTRA and EUTRA, it is possible for the network to determine the UL traffic volume generated by a UE by taking into account the buffer occupancy measurements and amount of data received for that UE on the respective logical/transport channels over the measurement period. However, the network does not have information about the UE location at the point where the UL traffic Volume measurement is performed.  In principle, there are two ways for network to obtain UE location information: 

1) Network Triggers UE to provide its accurate location when it evaluates that UL Traffic Volume has exceeded a certain threshold. 

According to this option, the network configures UE to report traffic volume according to legacy procedures either via RRC (UTRA) or MAC signalling (UTRA/EUTRA). When network starts measurement of the total traffic volume generated by the UE (for MDT purposes), it sends an instruction to the UE for it to provide accurate information about its location e.g. in terms of GPS coordinates. The main issue with this approach is that the reported location might not correspond to the actual location of where the traffic was generated, especially if the UE was a fast moving UE. However, if the traffic volume measurement period is long enough, the delay in network signalling for UE to measure and report its location might not be that significant compared to UE internally obtaining this information.  
2) Network evaluates UE location based on independent information it receives about the UE location e.g. reporting by the UE of its RF fingerprint or periodical reporting of UE location information.
At the point where network evaluates that an UL traffic volume report should be generated, network also includes available location information it has from this UE and includes that information with a time stamp in the measurement report sent to the OAM.  The UE location could be obtained based on periodical location reporting from the UE or from other measurement reports containing location information. With such an approach, it is likely that either no location information would be available in the traffic volume measurement report sent to OAM or the provided location information is not accurate enough. In addition, relying on periodical UE location information reporting would introduce excessive signalling and drain UE battery power.
Proposal 8: If a network based approach is adopted for UL Traffic Volume measurement, RAN 2 should define a mechanism for eNB/RNC to obtain accurate location information from the UE at the point where the UL traffic volume measurement is generated. 
5.  Obtaining Location Information for Downlink Traffic Volume Measurement
The RNC and eNB are aware of the amount of data received for a UE on the downlink. Thus it seems more natural for the RNC/eNB to log information about DL Traffic Volume generated by a UE. However, it is difficult for the network to identify the UE accurate location unless it requests the relevant information from the UE. 
If a UE approach is adopted for the UL traffic Volume measurement, the eNB/RNC could potentially include an indication of the downlink traffic volume for the UE at the point where the UL Traffic volume measurement is received. It is likely that a UE sending a lot of data on the uplink will also be receiving a lot of data on the downlink. However, it can happen also that the amount of data in the DL buffer is relatively insignificant at the point where the UL traffic Volume measurement is received. Thus, eNB/RNC should only include the DL Traffic Volume measurement if the amount of data is above a certain threshold.
Proposal 9: If a UE approach is adopted for UL Traffic Volume reporting, RNC should include the DL traffic volume at the point it receives an UL traffic volume report from the UE before forwarding to OAM provided the DL traffic volume is above a certain threshold.
If at the point where the amount of DL traffic is significant but no UL traffic volume report is received, the eNB/RNC should consider a mechanism for obtaining accurate UE location information to include in the DL traffic volume MDT report. 
Proposal 10: If a network based approach for UL traffic volume is considered, RAN2 should discuss an appropriate mechanism to obtain accurate location information at the point where DL traffic measurement is obtained. 
4. Conclusions
In this contribution, Vodafone highlights the benefits of knowing the accurate location of Uplink and Downlink traffic volume generated within a cell for providing targeted capacity within a macrocell using small cells. The following proposals are made:

Proposal 1: Operator should have accurate geo-location information of where data traffic is generated within a cell. 

Proposal 2: For UTRA, RAN2 should consider possibility of introducing a ‘Total Traffic Volume generated’ measurement in MAC based on Buffer occupancy information and amount of data sent during a measurement period. 
Proposal 3: The reporting of Traffic Volume Measurement for the purpose of MDT is based on an event triggered approach. The criteria for the event triggering might be different to existing triggers for Traffic volume reporting in UTRA. 

Proposal 4: RAN2 should discuss the possibility of UE turning on any accurate positioning function for the purpose of obtaining accurate location information to include in the Traffic Volume measurement report.  The method by which such accurate positioning functions are activated is FFS.
Proposal 5: The RNC should include the timestamp in the Traffic Volume measurement report before forwarding to OAM. 
Proposal 6: All UEs should support reporting of Traffic Volume measurement with available location information.
Proposal 7: If a UE approach is adopted for UTRA  UL Traffic Volume reporting, RAN2 should consider introducing a similar mechanism for UL Traffic Volume reporting in EUTRA. 

Proposal 8: If a network based approach is adopted for UL Traffic Volume measurement, RAN 2 should define a mechanism for ebb/RNC to obtain accurate location information from the UE at the point where the UL traffic volume measurement is generated. 

Proposal 9: If a UE approach is adopted for UL Traffic Volume reporting, RNC should include the DL traffic volume at the point it receives an UL traffic volume report from the UE before forwarding to OAM provided the DL traffic volume is above a certain threshold.

Proposal 10: If a network based approach for UL traffic volume is considered, RAN2 should discuss an appropriate mechanism to obtain accurate location information at the point where DL traffic measurement is obtained. 

RAN2 is kindly requested to discuss and agree to the proposals made in this document. 
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Appendix

 RRC: Traffic Volume Measurement

The network can configure UE to make measurements of the UL traffic volume per transport channel identity and report this information to the network either periodically or on an event triggered basis (TS 25.331[1]). 

The RLC layer monitors the buffer occupancy for each radio bearer and provides this information to MAC at least every TTI [2].  The RLC layer can also report average buffer occupancy and variance of buffer occupancy for each radio bearer depending on configuration by RRC layer. In case of average and variance of buffer occupancy, the configuration includes an averaging period.

The RRC layer uses the per radio bearer information to calculate the Traffic Volume per transport channel by agglomerating the traffic volume information for all radio bearers (UM and AM) using that transport channel. The information reported to the network represents the amount of data pending for that transport channel. 

The Traffic volume measurement is primarily used by the network for dynamic radio bearer control to determine the amount of resources to allocate for a certain radio bearer.
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Figure A-1: Traffic Volume Measurement in UE for UTRA
Periodic Reporting: UE can be configured to report the traffic volume measurement with periodicity ranging from 250ms to 64000ms. 

Even Triggered Reporting: Event 4a can be configured in UE so that the Traffic volume measurement is only reported when the traffic volume exceeds a certain threshold (configurable from 8Kbytes to 768 Kbytes).  Moreover, a time to trigger and pending time after trigger can be configured to minimise the amount of reporting from the UE.
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