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1. Introduction
In this contribution we present the DL and UL based mobility evaluation in RRC-CONNECTED inactive state for a dense urban scenario similar to the agreed evaluation model in [1]. A mobility procedure can be described as DL-based or UL-based depending on whether the Network transmits reference signals and UE performs measurements, or vice versa, i.e. UE transmits reference signals and Network performs measurements. We start by giving the details of DL and UL-based mobility procedures in RRC-CONNECTED inactive. Next we state the details of the dense urban scenario used. We then provide numerical results showing benefits of UL over DL-based mobility in terms of improved reliability (i.e., reduced paging-miss rate) and reduced UE power consumption.   
2. DL-based Mobility System Model for RRC-CONNECTED Inactive
Figure 1 shows L1 signaling exchange and timeline for DL-based mobility procedure in RRC-CONNECTED Inactive state.
During DRX wake-ups the UE first uses the Cell-Sync to re-synchronize to the TRP. It then uses the reference signals transmitted by the TRP to determine if cell-search criteria have been met and cell-search should be initiated. If the DRX wakeup coincides with a paging occasion, the UE also tries to decode TRP’s PDCCH to determine if it has been paged.
The following gives the system model used in this contribution for the DL-based mobility:
· TRP reference signal bandwidth of 20MHz
· DRX cycles of 1.28, 0.64, 0.32 and 0.16 seconds
· 1st-order IIR filter with coefficient values of 0.33, 0.5, 0.67, 0.8 used for L3 filtering. These roughly correspond to moving average over last 5, 4, 3 and 2 L1 measurements.
· UE’s use L3 filtered RSRQ measurements for cell-search and cell-reselection with hysteresis values of 3, 2, 1 and 0dB.
· UE’s compare unfiltered (i.e., instantaneous) PDCCH SINR against a threshold of -7dB to decide if paging is successfully decoded. 
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[bookmark: _Ref458441075]Figure 1. L1 signaling exchange and timeline for DL-based mobility in RRC-CONNECTED Inactive state
3. UL-based Mobility System Model for RRC-CONNECTED Inactive
Figure 2 shows L1 signaling exchange and timeline for UL-based mobility procedure in RRC_CONNECTED Inactive state.
As shown all TRPs forming a Zone transmit, in an SFN fashion, a zone measurement reference signal to support the UL based mobility
During DRX wake-ups each UE detects the zone measurement signal and measures the strength of the zone reference signal. Then, UE transmits a reference signal (i.e., PUMICH) which the Network (i.e., TRPs in the Zone) uses for measurements and for determining the TRP(s) that will be used to send the Network response signal (i.e., PKACH). The network response signal contains a one-bit paging-indicator. If the paging indicator is set, the UE reads another Zone-based channel (i.e., PCICH) that provides the UE with additional information, such as the PCI of the TRP whose PDCCH carries the paging.
The following gives the system model used in this contribution for the UL-based mobility:
· UE PUMICH bandwidth of 5MHz
· Network PKACH bandwidth 1.25MHz
· DRX cycles of 1.28 seconds
· 1st-order IIR filter with coefficient 0.33 used for L3 filtering. This roughly corresponds to a moving average over last 5 L1 measurements.
· UE’s use L3 filtered Zone-Sync received signal strength to open-loop power control their PUMICH.   
· Network compares L1 (i.e., unfiltered) PUMICH SINR against a threshold of -12dB to decide if reference signal is detected. Network uses the TRP reporting the highest L1 (i.e., unfiltered) PUMICH received signal strength to send PKACH. 
· UE’s compare L1 (i.e., unfiltered) PKACH, PCICH and PDCCH SINR’s against a threshold of -7dB to decide if paging is successfully decoded. 
· PUMICH from all UE’s interfere with one another. So do PKACH (PCICH and PDCCH) from all TRPs.

      
[bookmark: _Ref458428846]Figure 2. L1 signaling exchange and timeline for UL-based mobility in RRC-CONNECTED Inactive state
4. Dense Urban Evaluation Assumptions 
Table 1 gives system-level evaluation assumptions for the dense urban scenario used in this contribution. The assumptions closely follow those of the dense urban in [1], with one modification. Whereas the dense urban in [1] consists of two layer, one Macro hexagonal grid with ISD of 200m and one Micro layer with 9 micro TRPs randomly dropped per macro TRP, our model consists only of one Macro hexagonal grid but with a smaller ISD of 67m. This modification makes the two model comparable in terms of number of TRPs per unit area. 
[bookmark: _Ref466028533]Table 1: System-level evaluation assumptions for dense urban used in this contribution
	Parameters
	Dense urban

	Layout
	Macro layer: Hex. Grid

	Inter-BS distance 
	Macro layer: 67m

	Carrier frequency 
	4 GHz

	Simulation bandwidth
	20MHz per CC

	Channel model
	3D UMa (Macro layer) and 3D UMi (Micro layer)

	BS Tx power 
	Macro layer
44 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm

	BS antenna configurations
	(8,1,2) with directional antenna element (HPBW=650, directivity 8dB)
other values are not precluded

	UE Tx power 
	23dBm

	UE antenna configurations
	(1,1,2) with omni-directional antenna element
other values are not precluded

	BS antenna height 
	25m for macro cells

	UE antenna height 
	1.5m

	UE distribution
	UE location/movement direction randomly chosen. UE speed is 30km/h (basleine),

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9dB

	UE s receiver
	Realistic

	Network Synchronization
	Synchronized TRPs . Asynchronized TRPs FFS. 



5. DL-based Mobility Performance for Dense Urban in RRC-CONNECTED Inactive
Figure 4 shows paging-miss, cell-search and cell-reselection rates as a function of cell-search RSRQ threshold under DL-based mobility for dense urban and RRC-CONNECTED Inactive state. As the figure shows, DL-based mobility’s paging miss is unacceptably high, e.g., 26.0% for a DRX of 1.28 seconds and at a threshold of -2dB, even after taking into account the deployment’s 3.6% paging coverage hole. Increasing cell-search threshold reduces paging-miss rate at the cost of increasing cell-search rate and hence UE power consumption (see [2] for a detailed comparative UE power analysis under UL- and DL-based mobility). There is a limit to how low the paging-miss can be pushed, however, e.g., for a DRX of 1.28 seconds and at a threshold of -2dB, cell-search is performed in 89.5% of DRX wake-ups. 
[image: DlBased_paging_miss]
[bookmark: _Ref458590126]Figure 3. Paging-miss rate for DL-based mobility for dense urban scenario

Figure 4 shows paging-miss and handoff rate (per DRX) as a function of L3 (1st-order IIR) filter’s coefficient, i.e., alpha. Note that alpha values of 0.33, 0.5, 0.67 and 0.8 roughly correspond to moving averages over 5, 4, 3 and 2 L1 measurements. As the figure shows although increasing alpha reduces paging-miss rate, the reduction is not nearly enough, e.g., for an alpha of 0.8, i.e., averaging over only two DRX cycles, the paging miss is still above 20%. Less L3 filtering also makes DL-based mobility more prone to measurement noise. 
[image: DlBased_paging_miss_l3alpha]
[bookmark: _Ref471485997]Figure 4. Paging-miss rate for DL-based mobility for dense urban scenario as a function of L3 filtering 1st-order IIR filter coefficient
Figure 5 shows paging-miss and handoff rate (per DRX) as a function of cell-reselection hysteresis. As the figure shows lowering the hysteresis reduces paging-miss, but not nearly enough. In fact eliminating hysteresis all together, i.e., 0dB hysteresis, only reduces the paging-miss to 21.7%. Note from the figure that using very small hysteresis values makes DL-based mobility more prone to ping-pong handoffs and measurement noise.
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[bookmark: _Ref471487542]Figure 5. Paging-miss rate for DL-based mobility for dense urban scenario as a function of cell-reselection criteria’s hysteresis
Reducing paging-miss rate any further requires reducing the DRX-cycle. As Figure 6 shows reducing DRX-cycle from 1.28s to 160ms allows the paging-miss to be reduced from 26.0% to 11.9% (for a cell-reselection threshold of -2dB, alpha of 0.33 and hysteresis of 1dB) which is still unacceptably high even taking into account deployment’s 3.6% paging coverage hole. Note that reduced DRX cycle however increases UE wake-up the cell-search rate and hence UE power consumption (see [2].) Note also that the figure shows the paging-miss and cell-reselection rates per DRX wakeup. 
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[bookmark: _Ref471488889]Figure 6. Paging-miss and handoff rate (per DRX) for DL-based mobility for dense urban scenario as a function of DRX cycle
6. UL-based Mobility Performance for Dense Urban in RRC-CONNECTED Inactive  
Figure 7 shows paging-miss, cell-search and cell-reselection rates as a function of cell-search RSRQ threshold under UL-based mobility for dense urban scenario and RRC-CONNECTED Inactive state. As figure shows paging-miss rate under UL-based mobility can be made much lower, e.g., 6.1% for a cell-search threshold of -3dB (only 2.4% above deployment’s paging coverage hole of 3.7%), compared to 26.0% for DL-based mobility (at same DRX cycle of 1.28s). Note also that while cell-search rate is high, it is carried out by the Network, hence it is not negatively impacting the UE power consumption. Also, the cell-search rate at Network may be reduced through optimization.    
The reason behind UL-based mobility’s increased reliability is that UE and Network perform a closed-loop L1 handshake at each DRX wakeup (i.e., UE transmitting a reference signal and Network sending back a response signal), providing them both with more accurate and timely information on channel state. This closed-loop L1 handshake is absent in DL-based mobility where UE relies on open-loop L3 filtered measurements of Network transmitted reference signals, which are less accurate and up-to-date.
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[bookmark: _Ref466030984]Figure 7. Paging-miss rate for UL-based mobility for dense urban scenario
Figure 8 compares paging-miss rates for UL and DL-based mobility for dense urban deployment scenario. The rates correspond to a cell-search RSRQ threshold of -4dB (increasing the threshold beyond -4dB reduces paging-miss rate only marginally but increases cell-search rates significantly.)
As the figure shows, there exists a tradeoff between paging-miss rate and DL cell-search rate and DRX-cycle (which affect UE power consumption, See [2].) More precisely, DL-based paging-miss can be brought down at the cost of increased UE-power consumption. For UL-based mobility, the cost of cell-search (in terms of power or computational complexity) is mostly shifted to Network at the expense of UE transmitting reference signals (see [2]).

[bookmark: _Ref458604677]Figure 8. Comparison of UL and DL-based mobility paging-miss and DL cell-search rates, dense urban scenario 
7. Conclusion 
In this contribution we provided performance analysis for DL and UL based mobility procedures in RRC-CONNECTED inactive state for a dense urban scenario similar to the agreed evaluation model in [1]. 
 
Observation: UL-based mobility provides benefits over DL-based mobility for dense urban in terms of increased reliability (i.e., reduced paging-miss rate) and reduced cell-search at UE which affects UE power consumption and computational complexity (see [2] for a comparative power analysis between UL and DL-based mobility). 
Proposal: NR shall support UL-based mobility in which UE transmits reference signals and RAN determines a mobility event based on measurements of reference signals of UE’s. 
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