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Decision/action requested

It’s asked for the group to discuss and approve the proposal of Enhanced NM Centralised Coverage and Capacity Optimisation.
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Rationale

The information of 2D UE distribution in a cell is essential to the cell coverage adapting to traffic demand use case [1] where there may be a need to adapt the cell coverage to the typical distribution of traffic demand from time to time when the distribution of users or the environmental situation are changing (e.g. rush hours). The intent is to trigger CCO actions to improve user experience and service performance in areas where increased number of connected mode UEs are located, Therefoe, it is necessary to measure the distribution of all connectioned mode UE in a cell, periodically. This discussion paper looks into a couple methods that may be used to measure the 2D UE distribution. 
Immediate MDT

MDT may be a possible way to measure the 2D UE distribution. Since the 2D UE distribution is derived from measurements reported from connected mode UE, the immediate MDT measurement – M1 [2], shown below, is the one containing the necessary UE measurements.  
Measurements:
-
M1: RSRP and RSRQ measurement by UE, see TS 36.214.
UE reporting triggers, configured for MDT:
-
For M1:
-
Periodic
-
Serving cell becomes worse than threshold; event A2

-
Event triggered periodic; event A2

Measurement collection triggers in the eNB: 

-
For M1:

-
Reception of event-triggered measurement reports according to existing RRM configuration for events A1, A2, A3, A4, A5 A6, B1 or B2

M1 measurements are captured at eNB based on UE measurements reported during the LTE handoff procedure. eNB sends rrcConnectionReconfiguration message to request UE to report measurements necessary for making the handover decision. MeasConfig IE in rrcConnectionReconfiguration contains the following information regarding how UE should scan the neighbouring cells, and the conditions in which UE should report measurements, respectively.
· MeasObjectEUTRA – specifies information applicable for intra-frequency or inter-frequency E‑UTRA cells.
· ReportConfigEUTRA – specifies criteria for triggering of an E‑UTRA measurement reporting event.
The ASN.1 code of ReportConfigEUTRA IE [3] below shows that there are two triggers – event and periodical for UE to report measurements. 
ReportConfigEUTRA ::=



SEQUENCE {


triggerType






CHOICE {



event







SEQUENCE {




eventId







CHOICE {





eventA1







SEQUENCE {






a1-Threshold





ThresholdEUTRA





},





eventA2







SEQUENCE {






a2-Threshold





ThresholdEUTRA





},





eventA3







SEQUENCE {






a3-Offset






INTEGER (-30..30),






reportOnLeave





BOOLEAN





},





eventA4







SEQUENCE {






a4-Threshold





ThresholdEUTRA





},





eventA5







SEQUENCE {






a5-Threshold1





ThresholdEUTRA,






a5-Threshold2





ThresholdEUTRA





},





...,





eventA6-r10






SEQUENCE {






a6-Offset-r10





INTEGER (-30..30),






a6-ReportOnLeave-r10



BOOLEAN





}




},




hysteresis






Hysteresis,




timeToTrigger






TimeToTrigger



},



periodical







SEQUENCE {




purpose








ENUMERATED {















reportStrongestCells, reportCGI}



}


},


triggerQuantity





ENUMERATED {rsrp, rsrq},


reportQuantity





ENUMERATED {sameAsTriggerQuantity, both},


maxReportCells





INTEGER (1..maxCellReport),


reportInterval





ReportInterval,


reportAmount






ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},


...,

}
ThresholdEUTRA ::=




CHOICE{


threshold-RSRP





RSRP-Range,


threshold-RSRQ





RSRQ-Range

}
The events – A1, A2, A3, A4, A5, and A6 are to monitor whether the RSRP and RSRQ that an UE received from the serving cell are better or worse than those received from neighbouring cells. Since these measurements are primarily used to determine the time for handover initiation, the events mostly happen when the UE are close to the neighbouring cell. As indicated above, M1 triggers are based on A1, A2, A3, A4, A5, and A6 events, so M1 measurements would typically be reported when UEs are close to the neighbouring cells. Therefore, event triggered M1 measurements cannot be used to measure UE distribution across the cell.

UE measurements can be reported periodically, when the triggerType in ReportConfigEUTRA is set to periodical. In LTE, the handover decision is controlled by the network or eNB. If periodical trigger is used, an eNB needs to receive UE measurement reports continuously before a handover decision can be made. Periodical trigger can be too complicated, and too much load to the network. It is why LTE handover is typically based on event trigger, since it only needs a single or a couple UE measurement reports before a handover is initiated. If periodic triggered M1 measurements are to be used to capture UE distribution information across the cell, all UE in the cell will have to use periodical trigger to provide UE measurements necessary for handover. The overhead to the handover procedure is too big to be feasible.
Moreover, the location information (i.e. locationInfo-r10) in the UE measurement reports (i.e. MeasResults) is optional, and so are the M1 measurements. Therefore, it is not possible to count on the MDT measurements to provide the UE distribution information.
Uplink timing alignment
Uplink timing alignment is to ensure that the transmission by the UE will arrive at the eNB within the defined time window. If the uplink timing of UE transmission is not aligned with the eNB timing, the transmission will become interference to other UEs. When eNB receives an uplink burst from an UE, the MAC layer protocol will compute the timing advance necessary for the UE transmission to arrive at the defined window, and transmit the timing advance to the UE via the Timing Advance Command MAC Control Element (see section 6.3.1.5, TS 36.321 [4]).
To avoid uplink transmission from becoming interference, the UE shall not transmit data, unless the UE is certain that its uplink timing is aligned. Each UE is configured with TimeAlignmentTimer [3] to indicate the interval in which the UE is considered uplink timing aligned. The UE will restart TimeAlignmentTimer when it receives the Timing Advance Command. As long as the TimeAlignmentTimer is running, the UE assumes the uplink timing is aligned, and can use the UL resources being allocated to transmit data. At the expiration of the TimeAlignmentTimer, the UE assumes the uplink timing is not aligned, and shall not transmit any uplink data.
Typically, eNB should send the Timing Advance Command to the UE before the TimeAlignmentTimer expires, in order to maintain the uplink timing alignment. Timing Advance Command contains the 6 bits field to indicate the index value TA (0, 1, 2… 63) [4]. This corresponds to the Type 1 TADV [5] to adjust the uplink timing for UEs that were previously timing aligned.
Type1: TADV = (eNB Rx – Tx time difference) + (UE Rx – Tx time difference)
However, it may not be necessary for UE to maintain the uplink timing alignment, since the UE may not have user data to transmit. If the UE were to maintain the uplink timing alignment continuously, the UE will need to make periodic uplink transmission, even it has no use data to send, so the eNB can decide whether the uplink timing should be adjusted or not. Therefore, maintaining the uplink timing alignment during the lifetime of connection would not only waste radio resources, but also reduce UE’s battery life. 
When the uplink timing is not aligned, the UE shall perform random access procedure where the eNB will provide the Timing Advance Command, shown below, in the MAC payload of the Random Access response message [4].   
Timing Advance Command: The Timing Advance Command field indicates the index value TA (0, 1, 2… 1282) used to control the amount of timing adjustment that UE has to apply. The size of the Timing Advance Command field is 11 bits;
This corresponds to the Type 2 TADV [5] that is measured from the uplink radio frame containing PRACH from the respective UE.
The 11 bits Timing Advance Command is the absolute value that can be translated into the round trip delay or the distance between the UE and the eNB. The 6 bits Timing Advance Command is the delta value that indicates the timing adjustment on the timing advance that the UE used to send the last data frame. 6 bits Timing Advance values are accumulated at eNB to create NTA [6], where NTA,new = NTA,old + (TA (31)(16. NTA can be translated into the round trip delay or the distance between the UE and the eNB.

Therefore, the distance of a connected mode UE to the eNB can be estimated from:

· NTA: for UEs with uplink timing aligned (TimeAlignmentTimer is running)
· 11 bits Timing Advance command: for UEs with uplink timing not aligned (TimeAlignmentTimer is not running)
AOA measurements
eNB can estimate the AOA (Angle of Arrival) on any part of the uplink transmission, such as user data or PRACH. However, eNB can also use Sounding Reference Signals to estimate AOA.
Conclusion:
1. MDT measurements

· Immediate MDT is using results of regular mobility related measurements performed by the UE.

· There are two modes: event based (normally used) and periodic (very rarely used because of overhead).

· When event based measurements are used, the locations where the measurements are performed, depends on the configuration of events. This configuration normally is tuned to the needs of mobility; therefore the events are generated at the cell edge. Consequently, the collected measurements are not representative as they do not cover the whole cell coverage area.
· For UE contains the GPS, the GPS is typically enabled when the UE is to perform navigation. It is not practical to collect 2D UE distribution based on GPS, due to high energy consumption. It is estimated that GPS power consumption is aroud 150-200 mW [7].
2. The 2D UE distribution based on TADV and AOA that are performed permanently and inherently in the L1 and L2 protocols do not consume additional radio resource.   
4
Detailed proposal
The group is asked to discuss the discussion paper, and its implication to other contributions.
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