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1. 
Introduction

At the 3GPP TSG RAN1 [1], three scenarios were agreed to be evaluated to compare the DL based mobility and UL based mobility. Among them two scenarios are

· Rural with high speed UEs, and

· High speed train

Two of the KPIs of interest are 

· Paging miss rate, and

· UE battery life with relative power model between DL and UL mobility
Contribution [2] compared the paging miss rates between UL and DL mobility for the aforementioned two scenarios, showing benefits of UL over DL mobility in terms of reliability. This contribution compares UE power consumption between UL and DL mobility by estimating power add-ons specific to UL and DL based mobility on top of UE baseline DRX wake up power consumption. Analysis shows significant benefits of UL over DL mobility for both scenarios, i.e., Rural with high speed UEs and High speed train.
2. 
Baseline DRX Wake Up and DL-based Mobility UE Power Add-ons
The approach taken in this contribution is to estimate power add-ons specific to UL and DL mobility procedures on top of a baseline DRX wakeup UE power consumption. The power and energy numbers are reported in units of mA and mA.ms, respectively, assuming a battery voltage of 3.7V, e.g., 1mA and 1mA.ms correspond to 3.7mW and 3.7uJ, respectively. 

The baseline DRX wakeup UE power consumption, PDRX-wakeup, includes the following procedures
· Resynchronizing to serving cell and serving cell measurements

· Monitoring Paging

While PDRX-wakeup is technology dependent, a reasonable estimate for a UE with a 10MHz bandwidth is 1000 mA.ms per DRX wakeup. 
PDRX-wakeup excludes the sleep power, Psleep, which is the power drained from the battery by a stand-by UE and is independent of DRX cycle and mobility procedure. While Psleep is technology dependent, a reasonable estimate is 1mA, or 1500mA.ms per a DRX cycle of 1.5 seconds.
The power add-on specific to DL mobility is the power spent on neighbour cell search and measurement, Pneighbour-search.
UE can reduce Pneighbour-search by taking advantage of the synchronicity of the deployment (which is favourable for UL mobility as SYNC and measurement signal can be transmitted in an SFN manner) through re-using buffered samples from DRX wakeup Sync/Paging detection. This allows the UE to greatly reduce Pneighbour-search by eliminating the need for receiving and buffering new samples and by just doing extra processing. We assume Pneighbour-search amounts to around 200mA.ms per DRX wakeup. 
3. 
UL-based Mobility UE Power Add-ons
Figure 1 depicts the signalling timeline used in this contribution for estimating power add-ons specific to UL mobility (further details on UE operations during DRX wakeups can be found in the contribution “DL and UL Mobility Procedures” [2].) 
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Figure 1 UL mobility signalling timeline

Table 1 gives the parameters used to evaluate UL mobility power add-ons under two representative set-points A and B. As can be seen the choice of parameters for set-point A are very conservative, in particular it is assumed that the UE transmits UL reference signal at full headroom limit of 23dBm with an insertion loss of 4dB and PA efficiency of 40%. Set-point B corresponds to a UE well within the cell, transmitting UL reference signal at a 0dBm transmit power level. At such low transmit power levels, PA is bypassed, and a fixed 17dBm overhead is assumed. Both set-points assume conservative UL reference signal and NW response durations of 0.5ms. The delays between Zone Sync to UL reference signal and UL reference signal to NW response (for a maximum total of few milliseconds) can easily be absorbed in baseline DRX wakeup’s timeline.
Table 1 UL mobility parameters
	Parameter
	Set-point A
	Set-point B

	UL Ref. Signal Tx Power
	23dBm
	0dBm

	Insertion Loss
	4dB
	PA is bypassed, 
17dBm fixed overhead

	PA Efficiency
	40% (~-4dB)
	

	UL Ref. Signal Duration (TulRef)
	0.5ms
	0.5ms

	NW Response Duration (TnwResp)
	0.5ms
	0.5ms

	Tsync2ulRef, Tul2nwRes
	Absorbed in DRX wakeup timeline
	Absorbed in DRX wakeup timeline


Based on these parameters, the power add-on due to transmitting UL reference signal, PUL-reference are 170mA.ms and 7mA.ms per DRX wakeup for set-point A and B, respectively. We estimate all other UL mobility specific power add-ons, PUL-misc., including power to turn on Tx RF circuitry, power for receiving NW response, etc., to amount to 100mA.ms per DRX wakeup. 
Table 2 UL mobility power add-ons
	UL mobility power add-on
	Set-point A
	Set-point B

	PUL-reference
	170 mA.ms per DRX-wakeup
	7 mA.ms per DRX-wakeup

	PUL-misc.(includes Tx-RF circuit, NW resp. Rx, etc.)
	100 mA.ms per DRX-wakeup
	100 mA.ms per DRX-wakeup

	PUL-add-ons
	270 mA.ms per DRX-wakeup
	107 mA.ms per DRX-wakeup


4.
Comparative UE Power Analysis between UL and DL Mobility
The UE power consumption under UL and DL mobility can be written as for every DRX cycle:

· PUL-mobility = Psleep + PDRX-wakeup + PUL-add-ons
· PDL-mobility = Psleep + ηPDRX-wakeup + f*DRX_Cycle*Pneighbour-search
In these equations η denotes the number of times DL mobility UE has to wake up, compared to UL mobility UE to match its paging miss. Also, f, represent the number of neighbour cell searches per second that DL mobility has to do.

Two scenarios will be considered next. Table 3 shows UE power consumptions under a benign low mobility setting where DL and UL mobility UEs will wake up with the same DRX periodicity of 1.28sec and DL mobility perform no neighbour cell searches, i.e., η = 1 and f = 0. As the expected, UL mobility entails some loss as such benign low mobility is ideal for DL mobility, however the losses are moderate (4.2% to 10.8%).
Table 3 UE power consumption under benign low mobility scenario, i.e., η = 1 and f = 0

	Benign low mobility scenario (η = 1 and f = 0)
	Set-point A
	Set-point B

	DL Mobility
	1.67mA

	UL Mobility
	1.85mA
	1.74mA

	Gain (UL compared to DL)
	-10.8%
	-4.2%


Next we consider more challenging mobility scenarios. Figure 2 summarized the performance comparison of UL and DL mobility for “Rural with high speed UEs” (a.k.a., Highway) and “High speed train” scenarios. More details can be found in [2].
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Figure 2 Comparison of UL and DL mobility performance for “Rural with high speed UE” and “High speed train” scenarios from [2] 
As can be seen, for “Rural with high speed UE” scenario, DL mobility has to wake up four times as frequently as UL mobility, and perform neighbour cell search 0.27 times per second to maintain a similar paging-miss rate of about 2%, i.e., η = 4 and f = 0.27. Table 4 shows UE power consumptions for this scenario. In other words, UL mobility shows gains of 52.5% to 55.6% compared to DL mobility in Rural with high speed UE.
Table 4 UE power consumption under Rural with high speed UEs, i.e., η = 4 and f = 0.27 
	Rural with High Speed UEs (η = 4 and f = 0.27)
	Set-point A
	Set-point B

	DL Mobility
	3.72 mA

	UL Mobility
	1.85mA
	1.74mA

	Gain (UL compared to DL)
	50.2%
	53.2%


As Figure 2 shows, for High-speed train, the DL mobility has to wake up even more frequently to maintain a paging miss rate comparable to UL based, if possible at all. Hence the UL mobility gains in UE power consumption compared to DL mobility is even larger than that of “Rural with high speed UEs.”
5.
Conclusion
This contribution compares UE power consumption under UL and DL mobility by estimating power factors specific to UL and DL based mobility and adding them to a baseline UE DRX-wakeup and sleep power consumptions. Our analysis shows significant advantage (i.e., 50.2% to 53.2%) of UL over DL mobility for “Rural with high speed UEs” and a larger gain for “High speed train” scenario with respect to UE power consumption. UL mobility entails some loss compared to DL mobility for benign low mobility scenarios, but these losses are moderate (i.e., 4.2% to 10.8%). A hybrid mobility which adaptively switches between UL and DL mobility can provide best of the two approaches.
Observation: In mobility challenging scenario, to achieve the same paging reliability, UL based mobility can reduce the UE power consumption compared to DL based mobility

Proposal: NR should study supporting both DL and UL based mobility
6. 
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