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1. Introduction 

RAN2 have agreed that DL-based mobility will be supported and are studying the benefits of UL based mobility compared to DL based mobility, based on performance analysis, according to the document in [5] and the following agreements: 
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In this paper we would like to highlight some of the aspects that should be considered.
2. Discussion
In earlier studies on LTE handover performance, for example in [2], have shown that the primary reason for handover failure is failure of the transmission of the measurement report prior to handover.
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Figure 1: ( From [2]) ) Percentage of failures occurring upon transmission of the different HO involved messages; UE speed 250 km/h and cell radius 1 km.

The primary reason for this is that the data transmission (including RRC signalling) on the uplink is more resource limited than the downlink due to the need to estimate the UE buffer at the eNB, resulting in more segmentation of uplink signalling messages and longer transmission delays. 
Observation 1: The primary cause of handover failure is unsuccessful transmission of the measurement report prior to triggering handover.
An example of operation using uplink measurement based mobility has been shown in [8]
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Figure 2: (From [8]) Handover triggered by UL measurement

As can be seen from the above figure, UL measurement based handover triggering completely removes the transmission of a measurement report in UL prior to triggering the handover decision. Measurements and signalling is performed exclusively in the network in the above example. 
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Figure 3: Mobility between TRP clusters

DL measurements may be used in some cases, for example for triggering the UL based signal at cell edge, or for handover between RATs or clusters of TRPs or synchronized gNBs. However, for handover between co-ordinated cells within such clusters, the main reason for HO failure is eliminated entirely.

Observation 2: UL measurement based mobility eliminates the need to transmit a measurement report in UL to trigger a handover, at least within synchronized TRP/gNB areas. 

Overall, the handover preparation and execution time directly impacts the probability of handover failure. According to [6] “The total amount of time ttotal comprises the delays to send the measurement report from the UE to source NB, i.e., including L1/L3 filtering, hysteresis, Time-to-Trigger, complete the handover preparation between the source and target NBs and send the handover command to the UE. According to [4], the laboratory measurements have shown that the target NB needs 27 msec for processing the Handover Request message [10] and the source NB needs 5 msec for processing the Handover Request Ack and to build the handover command. Moreover, the total signalling delay over X2 interface between source and target NBs is estimated in [4] to be 10 msec, i.e., 5 msec from source to target NB and vice-versa. Any steep and rapid link degradation occurring within a time duration less than ttotal would lead to a Radio Link Failure (RLF) as the UE would fail to receive the handover command in the appropriate time.”  
Figure 4 which is taken from [4] shows the impact of handover preparation and execution time to handover failure rate using various deployment scenarios and UE speeds.
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Figure 4: (from [4]) Handover failure rate

As can be seen, the there are approximately half as many handover failures for 50ms handover preparation and execution time than with 100ms. 

Observation 3: The handover failure rate is directly affected by the handover preparation and execution time, and approximately doubles between 50ms and 100ms. 

The agreed simulation assumptions used in the HetNet study in rel-11 [9] uses the values of 50ms handover preparation (i.e. the time to trigger and send a measurement report) and 40ms handover execution time. Since we estimate that removal of the need to perform DL measurement evaluation and transmission of the measurement report accounts for nearly all of this 50ms handover preparation time (if we assume that for UL measurement based mobility, there needs to be some time to trigger and preparation time in the NW side) then we may also estimate that the handover preparation and execution time is approximately halved. 
Observation 4: By using uplink measurement based handover preparation the overall handover preparation and execution can be reduced by up to 50%. We therefore expect to see the handover failure rate also reduce by up to 50%.

The conclusion of the HetNet study [9]with respect to DRX impact to handover performance is captured as follows
	For this Study item, slightly higher HOF rates in HetNet, relative to macro-only scenarios, at least for background traffic, are considered acceptable. The following observations were reached with respect to HO performance for HetNets with DRX:

1)
The simulations indicate that for low speed UEs (3 km/h) acceptable HO performance rates can be ensured at least for background traffic in HetNets if the network avoids too long DRX settings inside pico cells.

2)
In general while longer DRX combined with higher UE velocity provides challenges to mobility robustness, adding small cells in combination with longer DRX, even medium velocity provides challenges to mobility robustness especially for pico outbound mobility.

Simulations showing UE power consumption were also discussed in many Tdocs in RAN2#77bis. They showed that:

1)
DRX is essential for battery saving and doubling the DRX cycle almost halves the power consumption for keep-alive traffic with 20s inter-arrival time. However, no significant differences between battery saving in DRX in HetNet and macro-only scenarios was observed for the same DRX parameters (e.g., in Tdoc R2-121660 [10]).

2)
Simulation results also show that Ping-pong rates are lower with DRX and that there is a trade off between amount of Ping-pongs and aggressive handover parameter use.


Figure 5 is taken from [11] which is referenced in the above conclusion, and shows the impact that DRX length has on the UE power consumption. 
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Figure 5: (from [11]) Relative battery performance in Macro scenario.
Consistent with the HetNet study conclusion, doubling the DRX cycle length (e.g. from 40ms to 80ms) the relative battery duration also approximately doubles.

Observation 5: By doubling the DRX length the relative battery duration approximately doubles. 

Figure 6 is also taken from [11] and captured in the TR [9] and shows the impact to handover failure rate of different DRX cycles. 
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Figure 6: (from [11]) Handover and RLF events in Macro scenario.
As can be seen, the handover failure rate increases as the DRX length increases. To double the handover failure rate requires increasing the DRX length by approximately 4 times. So a DRX length of 160ms results in around twice as much handover failures as a DRX length of 40ms. 

Observation 6: Increasing the DRX length by 4 times approximately doubles the handover failure rate. 

3. Analysis

With observations 1-6 it can be concluded that it is possible not only to significantly reduce the handover failure rate by use of uplink measurement based mobility, but is possible to simultaneously increase the DRX length and therefore significantly improve power consumption at the UE. We expect that the DRX cycle length can be increased by 2 or 3 times, providing at least twice the relative battery duration under the same conditions and deployment, while still providing a better HOF performance than when using DL measurements. 
In general, there is more power required for transmitting in the uplink than performing a measurement in the downlink. However, the duration of a transmission is small and the amount of power consumed is relatively small compared to the overall power consumption required for powering on and ramping up during DRX on. If the DRX length can be increased, then in fact the additional power used for transmitting in the uplink is more than compensated for. 

Taking a more conservative estimate, we believe that it is possible to run uplink based measurements with a DRX cycle which is twice that used for downlink measurements, while achieving at least as good (or better) handover performance. 

Table 1 - General assumptions

	Parameter
	Value

	Cell radius
	100m

	Percentage area of cell in which UE perform handover procedure
	30%

	DL measurement report size
	200 bits

	DRX cycle
	DL: 40ms

UL: 80ms

	Time to sync after DRX
	5ms

	DRX “on” time
	5ms

	UL mobility signals
	UL SRS occupying 1 OFDM symbol / DRX cycle


The power consumption assumptions are listed in ###. The power consumption values in this table are indicative and the actual power consumption would differ from implementation to implementation. The assumptions in this table are basically aligned with those used in the NB-IoT study [REF 45.820] and are adapted to account for the greater capability of the NR device and its full-duplex architecture.

Table 2 – Power consumption assumptions

	Phase
	Value
	Comment

	Idle
	3mW
	UE XO remains active

	Sync
	70mW
	UE regains accurate sync when exiting DRX phase

	Receive
	150mW
	UE receives PDCCH / PDSCH across NR control resource set bandwidth. DL measurements performed

	Transmit
	700mW
	Baseband, RF, losses through FDD duplexers. UE transmits at full power at cell edge in worst case


3.1
Connected Mode DRX

In this section, we consider the case where the UE is in DRX and CONNECTED mode when handovers occur. The power consumption profiles for UL mobility and DL mobility are as shown in Figure 1. As observed above, the increased tolerance to handover failure allows UL mobility DRX period to be twice that of the DL mobility period. In our analysis DL mobility requires the transmission of 2 DL measurement reports per handover, where the DL measurement report transmission is followed by a “DRX on” period of 10ms due to DRX inactivity timer to allow the UE to receive commands from the network.
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Figure 7- Power consumption profiles in CONNECTED DRX for DL and UL mobility

The power consumption for UL mobility and DL mobility was calculated as the average power consumed in the handover region as the UE moves between cells (this average power is equal to the product of the energy consumed in the handover region per handover and the number of handovers per second). Table 3 summarises the average power consumed as a function of UE speed.

Table 3 – Handover-related Power Consumption in CONNECTED DRX for UL and DL mobility

	UE speed
	UL mobility
	DL mobility

	3kmph
	2.65mW
	4.69mW

	30kmph
	2.65mW
	5.10mW

	50kmph
	2.65mW
	5.39mW

	120kmph
	2.65mW
	6.44mW


The DL mobility handover-related power consumption is basically twice that for UL based mobility, due to the longer DRX cycle that can be applied for UL mobility. A secondary effect is that at higher speeds, the power consumption associated with DL mobility increases, due to the necessity of transmitting more DL measurement reports in the UL (for UL mobility, the power consumed in UL transmission is proportional to the percentage time that the UE performs handovers; for DL mobility, the UL power consumption is proportional to the number of handovers performed per second).

3.2
Connected Mode Active Transmission

This section considers the case where the UE is actively receiving while the UE traverses the handover region. For this case, the assumed power consumption profile is as shown in Figure 2. For UL mobility, the UE transmits UL SRS with a periodicity of 80ms in the handover region. For DL mobility, the UE performs DL measurements and transmits 2 DL measurement reports.
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Figure 8 - Power consumption profile when DL is active during handover region transition

As for the DRX case in the previous section, power consumption for UL mobility and DL mobility was calculated as the average power consumed in the handover region as the UE moves between cells (this average power is equal to the product of the energy consumed in the handover region per handover and the number of handovers per second). Table 4 summarises the average power consumed as a function of UE speed. Note that the power consumed outside the handover region (in the centre of the cell) is not included in this analysis.

Table 4 – Handover-related Power Consumption in CONNECTED mode with active DL data transfer for UL and DL mobility

	UE speed
	UL mobility
	DL mobility

	3kmph
	23.6mW
	23.5mW

	30kmph
	23.6mW
	23.9mW

	50kmph
	23.6mW
	24.2mW

	120kmph
	23.6mW
	25.3mW


In this case, the power consumption is fairly similar, since the UEs do not operate in DRX (and UL mobility’s advantage of being able to operate with a larger DRX cycle has no effect). The power consumption of DL mobility increases slightly at high speed since the overhead associated with transmission of the DL measurement reports becomes more significant than the overhead associated with transmission of the UL SRS for DL mobility.
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Figure 9: (From [12]) HO failure rate as a function of UE speed and Pico BS density, [1]

From figure 7 and also from figures 4 and 6 the differences due to handover preparation and execution time and DRX cycle length in handover performance is far more significant at high UE speeds, as well as with an increased number of pico cells per Macro cell. 
In [6] it is also observed that for high frequency, “the rapid degradation of the radio link when transitioning from LOS to NLOS restricts the amount of the time the UE has for sending the neighbour cell measurement report and subsequently receiving the RRC handover command from the source NB before it loses the link.”

Therefore we believe that the performance benefit from uplink measurement based handover in terms of both handover failure rate as well as power consumption is significant and cannot be ignored. 
Observation 7: Use of uplink measurements can provide significantly better handover performance and power consumption than use of downlink measurements.
Finally, it should be noted that different network vendors and operators will set parameters according to their own preference and deployments. The DRX length as well as measurement parameters to configure such as time-to-trigger are up to the network implementation. By using the same DRX lengths, uplink and downlink based mobility performance is similar in terms of power consumption, however uplink based mobility performs far better in terms of handover failure rate particularly at high speed and in dense deployments. It is also up to the network configuration in which specific scenarios and deployments that downlink based measurement reporting is used, and when uplink measurement based handover is used. The improved performance due to shorter handover preparation time can be used either to improve power consumption, or to improve handover performance. The configuration may also be used to improve both, and may be tailored to suit different scenarios (for example to use a longer DRX at lower speeds to save power, while using shorter DRX at higher speeds to reduce the handover failure rate). We believe that it is possible to achieve significantly better performance when using uplink based handover, and therefore this valuable tool should be available right from the start of NR. 

Proposal 1: It shall be possible for the network to optionally enable the UE to transmit uplink measurement signals in RRC Connected (active) in phase 1 of the new RAT as a method for improving handover performance and UE power consumption.

4. Conclusion
In this contribution we have highlighted a number of scenarios and considerations when evaluating uplink signal based mobility for NR and make the following observations.
Observation 1: The primary cause of handover failure is unsuccessful transmission of the measurement report prior to triggering handover.
Observation 2: UL measurement based mobility eliminates the need to transmit a measurement report in UL to trigger a handover, at least within synchronized TRP/gNB areas. 

Observation 3: The handover failure rate is directly affected by the handover preparation and execution time, and approximately doubles between 50ms and 100ms. 

Observation 4: By using uplink measurement based handover preparation the overall handover preparation and execution can be reduced by up to 50%. We therefore expect to see the handover failure rate also reduce by up to 50%.

Observation 5: By doubling the DRX length the relative battery duration approximately doubles. 

Observation 6: Increasing the DRX length by 4 times approximately doubles the handover failure rate. 

Observation 7: Use of uplink measurements can provide significantly better handover performance and power consumption than use of downlink measurements.
Based on the above observations, we conclude with the following proposal:
Proposal 1: It shall be possible for the network to optionally enable the UE to transmit uplink measurement signals in RRC Connected (active) in phase 1 of the new RAT as a method for improving handover performance and UE power consumption.
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Concerning RRC driven UL-based connected mode mobility:


For connected active state mobility, DL-based handover is supported, and UL based mobility can continue to be studied.


For connected inactive state, DL-based reselection is supported, and UL-based mobility can also be studied


Benefits of UL based mobility, compared to DL based mobility, should be studied with performance analysis
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