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1   Introduction
There has been a debate on energy efficiency of the UL based mobility (e.g. papers [1], [2] and [3]). Unlike proposed in the papers the UL based mobility described in [4] does not necessary need to support UL tracking area (or UL measurement zone) updates. Neither does UE need to know the current cell/NR.
The DL based mobility in NR is problematic especially with UDN networks having many TRPs with relatively similar received powers and indistinct cell borders. 
2   Discussion on Power Consumption Analysis
Required procedures for UL based mobility

The paper [1] proposes that both in UL and DL based INACTIVE mode mobility the Serving cell related measurements are needed. Also it was proposed that in the UL based INACTIVE mode mobility the Tracking zone related measurements are needed. The neighbour cell search is not needed since the UE does not need to know about its neighbours. 
In fact the tracking zone measurements are not routinely needed by the UE. The zone, as described in [5], is a network internal area where the TRPs are locally synchronized such that UL based mobility can be maintained. The tracking sequence allocation is entirely based on the network measurements and UE does not need to control the used sequence. The network controls the UE behaviour with control messages and can also command the UE to stop transmitting UL tracking signals. Such configuration messages are sent infrequently and only when needed. Thus the UE does not need to take action when approaching a new tracking zone; only the network needs to detect the proximity to the new zone and apply an appropriate configuration, e.g. turning off uplink tracking and configuring sync monitoring or even downlink measurements towards the nearby zone.

For the rare occasions that a UE wanders off into an area where the TRP local synchronization is not applied without a proper pre-configuration of the UE, the problem would be detected quickly by the UE due to missed sync signal reception and it could revert back to cell search procedure for re-establishment, as shown in Figure 1.  The cost of this error case is a short period of increased uplink interference in the new zone due to the wandering UE’s uplink tracking signals arriving out of sync.
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Figure 1. Recovery from wandering into wrong zone
In [1] it was also proposed that the serving cell/TRP measurements are needed for the power control of the tracking signal and for the neighbour cell search criteria. The power control can be based on the closed loop power control where the network measures the strength of the tracking signal and sends the power control control accordingly. The detailed analysis of the power control is FFS. 
Observation 1: In the UL based mobility there is no need for DL zone measurements and serving cell measurements, since the UE does not need to know the serving cell or TRP. 

Comparative power consumption

Figure 2 shows the power consumption of one DRX cycle (in mW.ms) based on the power model presented in [1]. Two first bars represent the power consumption components for DL and UL based mobility as shown in [1]. The third bar shows the power consumption components of the UL based mobility without serving cell measurements and tracking zone measurements. It should be noted that also in the original model (2nd bar) the contribution of the tracking zone measurement is very small in this case where the mobile speed is low (3 km/h), the size of the tracking zone is 5 and the size of the cell is large.
The fourth and fifth bars represent the power consumption without zone and neighbour measurements, and with UL tracking signal length of 3 and 1 symbols, resepectively,   (with symbol length of 64 us) as compared to the 1 ms duration assumed by [1]. It can be seen that with the same power model and cell size but with more realistic assumptions the UL based mobility is more power efficient that the DL based mobility. It should be noted that the power consumption of the UL transmission is assumed to be 545 mW corresponding 23 dBm UL transmission power [7]. 
Observation 2: Even in the INACTIVE mode, the UL based mobility with a short duration tracking signal is more power efficient than the DL based mobility. 
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Figure 2. Power consumption comparison in large cells.
DL power efficiency with UDN small cells

As specified in [6] the frequency of the Idle mode measurements is every 1.28 seconds for DRX cycle length of 1.28 seconds or less. The neighbour cell search and measurements will need to be done if the service cell strength is below a certain threshold (= Measurement criteria). In macro cells the cell threshold can be relatively low level (e.g. -90 dBm) leading to relatively low measurement intensity concentrated mainly on cell borders. In those cases the UE is able to collect and average neighbour cell measurements during a relatively short spatial distance compared to cell dimensions.  
In UDN networks the measurements should cover almost entire cell in order to have reliable signal level estimate. Let us study a future case where the TRPs are installed in lampposts with 50m ISD required to serve passing connected cars and busses at the average rates required by 5G in cities. If we would use the 6.4 s averaging time requirement (according to Table 4.2.2.3-1 in [6]) the UDN would require 100% measurement intensity with the mobile speeds more than 28 km/h (=50/6.4=7.8 m/s). In general, it is clear that in a UDN there is less time to perform the cell reselection measurement as compared to a macro network; this will be a problem as the increased interference affects the signal level estimate accuracy in LOS UDN, meaning that even an equivalent-time measurement would be less accurate. 
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Figure 3. Five Line-of-sight UDN TRPs, with measurement threshold shown. 

Figure 3
 shows the received power of five LOS UDN cells, assuming 20 dBm EIRP for reference transmitted symbols. In this case the dwelling distance (effective ISD) is 50 meters and the measurement intensity is around  67%.  The measurement threshold should be at relatively high level, between -30 to -50 dBm in order to have reliable signal level estimate leading to high measurement intensity.[image: image4.emf]0%
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Figure 4. Averaging time and measurement intensity as a function of measurement threshold.
Figure 4 shows the resulting measurement intensity of these assumptions.  It can be seen that in UDN the available averaging time with 30 km/h mobile speeds is lower than 5 seconds even with high measurement threshold value.Figure 4
 indicates that the successful paging message reception is very sensitive to the setting the correct measurement threshold. Lowering the threshold only by a few dBs would cause the UE to camp and read paging from a cell with rapidly lowering SIR and would often cause paging misses. This issue does not arise in macro networks; unlike in UDN, with macro cells (e.g. 866 m cell size) the 10 s measurement time with 30 km/h means less than 10% measurement intensity even when close to the cell border. 

Observation 3: The performance of the DL measurement based mobility in small cells is sensitive to the measurement threshold parameterization.

In [1] it was shown that the Cell re-selection measurements will cause power consumption which can be estimated as  freselect-meas*Preselect-meas, where freselect-meas is the rate at with which UE performs cell reselection measurements for DL based mobility and Preselect-meas is the energy consumption during the measurements (=9000 mW·ms  with the cell reselection time 100 ms). The parameter freselect-meas= x cell changes/sec * DRX cycle. However, the cell reselection rate does not occur at the rate of the cell change but the measurements are carried out during the time the Measurement criteria are fulfilled. Therefore we propose that the Cell re-selection energy consumption should be estimated as: mI*mC*Preselect-meas, where mI is the measurement intensity (%) and mC is measurement cycle.
For UDN with the parameters in Figure 3, our analysis found  mI=67% and mC=1.28[s]. The measurement intensity mI refers to percentage of the cell dwelling time the UE carries out the neighbour cell measurements. 
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Figure 5. Power consumption comparison in UDN with 40 dBm measurement threshold.
Figure 5 shows the power consumption in the UDN case, assuming 67% measurement intensity and 1.28 s measurement period for the calculation of Reselection component in DL. In UL both 1 ms and 67 μs Tracking TX time was used, and Zone measurements were omitted. Otherwise the evaluation uses the model proposed in [1].It can be seen that the Reselection component is considerable in the case of DL based mobility. It should be noted that in small cells and especially in UDN networks lower transmission powers and shorter symbol periods can be used reducing the power consumption of the UL based mobility even further.
Observation 4: In UDN the needed average time leads to high measurement intensity meaning that the UE needs to measure large portion of its dwelling time. This leads to high power consumption in DL based mobility. 
Observation 5: In small cells networks lower UL transmission powers can be used reducing the power consumption of the UL based mobility.In light of the discussion above we would like to make the following proposal:
Proposal 1:  Further studies of UL-measurement-based mobility are proposed also for the INACTIVE mode.
3   Conclusion
In response to comparisons presented in various papers, we have clarified a few misconceptions of the UL based mobility and further . We have made the following observations:

Observation 1: In the UL based mobility there is no need for DL zone measurements and serving cell measurements since the UE does not need to know the serving cell or TRP. 
Observation 2: The UL based mobility with a short duration tracking signal is more power efficient than the DL based mobility. 

Observation 3: The performance of the DL measurement based mobility in small cells is sensitive to the measurement threshold parameterization.

Observation 4: In UDN the needed average time leads to high measurement intensity meaning that the UE needs to measure large portion of its dwelling time. This leads to high power consumption in DL based mobility
Observation 5: In small cells networks lower transmission powers and shorter symbol periods can be used reducing the power consumption of the UL based mobility even further.
In light of the discussion above we would like to make the following proposal:
Proposal 1:  Further studies of UL-measurement-based mobility are proposed also for the INACTIVE mode.
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