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1.  Introduction
At RAN1 #55, RAN1 sent an LS to RAN2 and RAN4 [1] on the evaluation model for LTE Rel-8 mobility performance, to progress the Study Item on this issue being lead by RAN1. The aim of the Study Item is to evaluate mobility performance of LTE Rel-8 and to determine whether some enhancement is necessary in Rel-9. In the LS RAN1 has asked RAN2 and RAN4 to provide views with regards to the evaluation model from L2/3 and RF perspectives, respectively. To develop a concrete evaluation model that captures the essential mobility mechanisms, this paper proposes the performance measures and the basic model to be considered, as well as how RLF, handover and re-establishment can be modelled in a system level simulation. While the details of the RLF, handover and re-establishment model are to be consulted with RAN2, it is proposed to agree in RAN1 on the performance measures and basic model described in sections 2 and 3.1, respectively.

2. Performance measures
In order to obtain a comprehensive picture of the LTE Rel-8 mobility performance, the following performance measures should be obtained by system level simulation:
· M1:
Measurement Report transmission failure rate, [%] and/ or [/s]

· M2:
HO Command transmission failure rate, [%] and/ or [/s]

· M3:
HO Complete transmission failure rate, [%] and/ or [/s]

· M4:
RLF detection frequency [/s]

· M5:
Re-establishment (success) frequency [/s]

· M6:
NAS recovery (success) frequency [/s]

· M7:
Interruption time distribution (CDF)
Moreover, the following performance measures can be obtained to facilitate analysis:

· M8:
SIR distribution (CDF)
· M9:
HO frequency (to check ping-pong is not occurring) [/s]

3. Evaluation model

3.1
Basic model [RAN1]
The following scenarios should be considered, since these are the typical cases where mobility performance is thought to be critical:

· Metropolitan highways:
ISD = 500 m, UE speed = 120 km/h

· Rural bullet trains:
ISD = 3,000 m, UE speed = 350 km/h

An ordinary macro cell layout model, consisting of 19 cells, each with 3 sectors with directional antennas and tilting, should be assumed.

To obtain the performance measures as listed in section 2, a detailed model for RLF detection, handover and re-establishment is necessary. In the simulation model, the performance measures can be obtained by generating one UE, which is moved according to a stochastic mobility model. The received SIR of the downlink reference signals should be evaluated to detect RLF and the RSRP (or RSRQ) should be measured to evaluate Measurement Report triggering, as in a real UE. The measurement triggering Event A3 should be considered, as this would be most frequently used to control intra-frequency or inter-frequency mobility. While the details of the measurements fall within the expertise of RAN4, it can be assumed that the DL SIR (RLF) is evaluated at 10 ms intervals, and measurement report triggering is evaluated at 40 ms. When evaluating Measurement Report triggering, layer 3 filtering, as defined in TS 36.331 sub-clause 5.5.3.2 [2] should be considered, where the parameter k can be set to ‘fc4’, i.e., the default value specified for this parameter.

According to the Measurement Reports, handover is performed. Delivery of Measurement Reports, HO Command and HO Complete should be simulated taking HARQ and RLC retransmissions into account, since these retransmissions would affect the resulting mobility performance. In a real system, if delivery of any of these messages fails or if the UE detects RLF, RRC re-establishment is performed. Moreover, if an RRC re-establishment attempt fails, the UE further attempts to recover connection by a NAS recovery procedure. These recovery procedures should be considered in the simulation model. The failure events should be counted along with the U-plane interruption time caused by these events.
3.2
RLF detection model [RAN2]
RLF detection can be modelled as shown in Fig.1, based on the core specifications [2, 3].
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Fig.1  RLF detection model.

The UE L1 performs evaluation of in-sync/ out-of-sync every 10 ms as follows:
· Out-of-sync is reported to L3 if the 200 ms sliding window average of the DL SIR falls below Qout (= [FFS] dB).

· In-sync is reported to L3 if the 100 ms sliding window average of the DL SIR recovers above Qin (= [FFS] dB).

· If neither of the conditions above is met, neither out-of-sync nor in-sync is reported to L3.

Note:
The values for Qout and Qin should be provided by RAN4.

The DL SIR can be calculated as the effective SIR of the DL reference signals, considering Rx diversity.

Using these out-of-sync and in-sync reports from L1, the UE L3 determines whether RLF has occurred or not, based on the following steps:

· If out-of-sync is reported from L1 consecutively for N310 times, a timer T310 is started. (N310 is reset if in-sync is reported while T310 is not running.)

· If in-sync is reported from L1 consecutively for N311 times during T310, T310 is stopped. (N311 is reset if out-of-sync is reported during T310.)

· In the above steps, the instances when neither out-of-sync nor in-sync is reported do not affect the counting, i.e., the N310/ N311 counting continues without resetting.

· If T310 expires, the UE L3 detects RLF.

If an RLF is detected, the UE starts a timer T311 and performs re-establishment, as described in 3.4.

The following parameters can be used (same as the default values defined in [4]):

· N310 = 1

· N311 = 1

· T310 = 1 s

· T311 = 10 s

The event when RLF is detected should be counted as M4, excluding the following cases:

· RLF detection during Measurement Report transmission ( Counted as M1 instead of M4.

· RLF detection during Handover Command transmission ( Counted as M2 instead of M4.

· RLF detection during Handover Complete transmission ( Counted as M3 instead of M4.

3.3
Handover model [RAN2]
Figure 2 shows the handover procedure in LTE Rel-8. The Event A3 Measurement Reports are assumed to be used for triggering handovers. A handover is performed towards the best cell included in the Measurement Report. The U-plane can be assumed to be stopped when the HO Command starts being transmitted, and can be assumed to be resumed when the HO Complete is successfully delivered. The interruption time as shown in Fig.2 should be measured.
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Fig.2  Handover procedure.
A Measurement Report is transmitted when the following criterion is met:

· Event A3: “RSRPneighbour > RSRPserving + Offset” is satisfied for the duration time-to-trigger.
assuming the following parameters:

· Offset = 3 dB

· Time-to-trigger = 640 ms

In order to simulate delivery delays and failures of Measurement Reports, HO Command and HO Complete, HARQ and RLC retransmissions should be considered. The following model can be considered:
· SIR (effective SIR) is calculated at each HARQ transmission, and errors are generated randomly based on a BLER table prepared for each message. For HARQ retransmissions, the SIR is accumulated assuming simple Chase combining. (FFS: For UL SIR calculation, UL interference modelling is required.)
· If the message delivery fails even after the maximum number of HARQ retransmissions, RLC retransmission takes place after the poll timer. The SIR is reset when RLC retransmission occurs.

· If the message delivery fails even after the maximum number of RLC retransmissions, the message delivery is counted as a failure event (either M1, M2 or M3, depending on the message).

The following parameters can be used:

· HARQ RTT = 10 ms

· Number of HARQ transmissions = 5 (i.e., 4 retransmissions)

· RLC poll timer = 50 ms (Note that the timer is started from the previous initial HARQ transmission.)
· Number of RLC transmissions = 10 (i.e., 9 retransmissions) for UL/ infinity for DL

Although the HARQ RTT is 8 ms in practice, 10 ms can be assumed to simplify the model. This seems to be reasonable considering delays caused by queuing and/ or L2 scheduling request procedure (for UL transmission).
The following failure cases should be counted:

1. Measurement Report transmission failure:

This is when the transmission of a Measurement Report fails after RLC retransmissions. If this event occurs, the UE starts T311 and performs RRC re-establishment. The event should be counted as M1. If an RLF is detected during Measurement Report transmission, this should also be counted as M1.

2. HO Command transmission failure:

This is when the transmission of a HO Command fails after RLC retransmission. Since the UE cannot detect by itself when this event occurs, it is assumed that the number of RLC retransmissions is not limited for the downlink. As such, the transmission attempt of a HO Command continues until the message is successfully delivered or until the UE detects RLF. The event when RLF is detected while a HO Command is being transmitted should be counted as M2.
3. HO RACH failure (i.e., HO failure by RAN2 definition):

When the UE receives a HO Command, a timer T304 is started. If the RACH procedure to the target cell is unsuccessful and T304 has elapsed, the UE starts T311 and performs RRC re-establishment. In order to simplify the model, the RACH procedure can be assumed to be always successful. A fixed delay (i.e., T2c described in 3.5) should be considered for this RACH procedure, when evaluating the interruption time.

4. HO Complete transmission failure:

This is when the transmission of a Measurement Report fails after RLC retransmissions. If this event occurs, the UE starts T311 and performs RRC re-establishment. The event should be counted as M3. If an RLF is detected during Measurement Report transmission, this should also be counted as M3.
3.4
Re-establishment model [RAN2]
The UE performs RRC re-establishment when any of the following occurs:

a. RLF is detected.

b. Measurement Report transmission fails after RLC retransmissions.

c. HO Complete transmission fails after RLC retransmissions.

The re-establishment procedure is shown in Fig.3. The procedure can be modelled as follows. First, the UE starts T311 and performs cell selection. The UE tries to find a suitable cell (i.e., a cell meeting the criterion “RSRP > Qrxlevmin” for a fixed duration (namely T3c, assuming the time required for reading system information)). If the UE finds a suitable cell, the UE selects this cell, and if the UE finds multiple of suitable cells, the UE selects the cell having the highest RSRP. If the UE cannot find any suitable cell within T311, the re-establishment procedure fails and the UE proceeds to the NAS recovery procedure. If the UE selects a suitable cell, the UE performs re-establishment towards this cell.
The re-establishment attempt can be considered successful if the following conditions are met:

· The RSRP remains above Qrxlevmin for a fixed duration (namely T4c, assuming the time required for the RRC re-establishment procedure).

· The UE context is prepared for the cell to which re-establishment is attempted in the network. Such cells are limited to the previous serving cell, other cells under the previous serving eNB, or any cells that are prepared by the handover procedure. It can be assumed that a neighbour cell is immediately prepared when a Measurement Report is received. The case when only a single cell is prepared and when all the cells under the target eNB are prepared, at handover, should be evaluated.

Note that the UE should not perform RLF detection during T3 and T4 shown in Fig.3.
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Fig.3  RRC re-establishment procedure.
The RRC re-establishment procedure can be considered as a failure in the following cases:

d. No suitable cell (RSRP > Qrxlevmin) is found during T311.

e. The RSRP falls below Qrxlevmin during the re-establishment procedure (i.e., T4 in Fig.3 or T5 in Fig.4).
f. The UE attempts re-establishment in an unprepared cell.
In these events the UE performs the NAS recovery procedure, which is shown in Fig.4. Note that Fig.4 is based on the case f above. Upon above events it can be assumed that the UE performs the NAS recovery procedure as follows:
d. The UE continues trying to find a suitable cell after T311 expiry. If the UE finds a suitable cell, the UE performs the NAS recovery procedure (i.e., starting from the transmission of the Connection Request in Fig.4).

e. The UE starts over from searching for a suitable cell. If the UE finds a suitable cell, the UE performs the NAS recovery procedure (i.e., starting from the transmission of the Connection Request in Fig.4).
f. The UE performs the NAS recovery procedure in the same cell immediately after being rejected for the RRC re-establishment attempt.

Note that the UE should not perform RLF detection during T3, T5 and T6 shown in Fig.4.
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Fig.4  NAS recovery procedure.
The NAS recovery procedure can be considered successful if the following condition is met:

· The RSRP remains above Qrxlevmin for a fixed duration (namely T6, assuming the time required for the RRC re-establishment procedure).

The re-establishment procedure can be considered as a failure in the following case:

g. The RSRP falls below Qrxlevmin during the NAS recovery procedure (i.e., T6 in Fig.4).

If the NAS recovery procedure fails, the UE starts over from searching a suitable cell. If the UE finds a suitable cell, the UE tries the NAS recovery procedure again. The process is continued until the UE successfully recovers connection through the NAS recovery procedure.

The following parameter can be assumed:
· Qrxlevmin = -130 dBm (The value should be confirmed by RAN4.)
The performance measures M5 and M6 should be derived as follows:

· M5 (re-establishment frequency):

=  (Number of re-establishment attempts that were successful) / (Simulated time)

· M6 (NAS recovery frequency):

=  (Number of NAS recovery attempts that were successful) / (Simulated time)

Monitoring the frequency of events d, e, f and g above would also be beneficial for detailed performance analysis.

3.5
Interruption time [RAN2]
The U-plane interruption time (M7) should be measured as the duration between the time when the U-plane is stopped and when the U-plane is resumed. The U-plane can be assumed to be stopped upon the following events:

· Transmission of HO Command is started.
· RLF is detected.
· RLC retransmission is exceeded (for a Measurement Report or HO Complete).
The U-plane can be assumed to be resumed upon the following events:
· HO Complete is successfully delivered.

· The RRC re-establishment procedure is successfully completed.

· The NAS recovery procedure is successfully completed.

In describing the evaluation model, the following time measures are defined for convenience. The U-plane interruption time is basically given by a combination of T2 to T6.
· T1:
“Event A3 ( start HO Command”, given by the sum of:
· The time taken to transmit Measurement Report

· Fixed delay (60 ms for inter-eNB HO and 10 ms for intra-eNB HO), namely T1c
Note:
The values of T1c above are based on the assumption that each X2 transfer and eNB processing of a message requires 10 ms.
· T2:
“Start HO Command ( end HO Complete”, given by the sum of:
· The time taken to transmit HO Command

· Fixed delay (30 ms for synchronising to the target cell and performing RACH), namely T2c
· The time taken to transmit HO Complete

· T3:
“RLF detection ( start Re-establishment Request”, comprising of:
· Fixed delay ([FFS] ms for cell search and reading system information), namely T3c
· Extra time taken to find a suitable cell
Note:
The value for T3c should be comprised of 50 ms + Tsearch + TSI, as per definition in [3]. For TSI 80 ms can be considered since the UE should be able to initiate the re-establishment procedure as soon as it has read up to SIB2, which has a 160 ms cycle according to the default configuration specified for 5 MHz bandwidth in [4]. For Tsearch an appropriate value should be provided by RAN4.
· T4:
“Start Re-establishment Request ( end Reconfiguration Complete (re-establishment)”, given by:
· Fixed delay (100 ms)

· T5:
“Start Re-establishment Request ( end Re-establishment Reject”, given by:
· Fixed delay (50 ms)

· T6:
“End Re-establishment Reject ( end Reconfiguration Complete (NAS recovery)”, given by:
· Fixed delay (200 ms)

4. Conclusions
A detailed model for RLF, handover and re-establishment was proposed for evaluating LTE Rel-8 mobility performance. The proposed model can be characterised in brief as follows:

· RLF detection should be based on the out-of-sync/ in-sync counting model as defined in the core specifications.

· HARQ and RLC retransmissions should be considered for delivery of Measurement Reports, HO Command and HO Complete messages, when evaluating delays and transmission failures of these messages. Moreover, a fixed delay should be considered for handover preparation and RACH procedure in the target cell.

· RRC re-establishment and NAS recovery procedures should be considered. A fixed delay can be assumed for these procedures, as well as for the cell selection procedure preceding RRC re-establishment or NAS recovery. Moreover, Qrxlevmin checking should be considered during these procedures.

We request RAN1 to agree the performance measures and the basic model described in this document. Moreover, it is proposed that the relevant parts are captured in the TR for the Study Item.
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