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1. 
Introduction

In the context of the ongoing Rel-14 RAN study, various performance KPIs and requirements have be proposed in the latest Technical Report, Study on Scenarios and Requirements for Next Generation Access Technologies [1], including UE energy efficiency, mobility and Network energy efficiency, etc. Clearly, mobility design and enhancement is one of the important areas for ensuring and optimizing those performance KPIs.

In a typical cellular communication system, to perform mobility procedure, generally speaking one part of the communication link needs to send the reference signal while the other part of the link needs to make measurement and determine when the mobility procedure is needed. Intuitively, there can be two high level categories of mobility procedures, namely 

· UL based mobility: UE sends the reference signals while eNB performs the cell search

· DL based mobility: eNB sends the reference signals while UE performs the cell search 

In contribution [2], we discuss the high level procedures for DL based and UL based mobility. In mobility challenging scenarios such as highway/high speed train, or dense deployment, DL based mobility may have performance limitation, such as significant power overhead for UE to perform frequent and extended cell search, delayed cell re-selection or handover due to bad DL SINR as results of strong interference from neighbouring cells, etc. Therefore, it is expected that, in a mobility challenging scenario, UL based mobility can have multiple benefits compared to DL based mobility, including but not limited to 
· UE power consumption reduction

· Improve paging miss and call setup delay

· NW resource (RS and paging) reduction

· HO failure rate reduction

Physical channels to support Uplink mobility is discussed in contribution [3]. 

In this contribution, we show simulation results to evaluate mobility performance for DL based and UL based procedure. We focus on the RRC inactive state (similar as RRC_IDLE in LTE). 

2. 
DL-based mobility system model for RRC inactive state

Figure 1 shows L1 signaling exchange and timeline for DL-based mobility procedure in RRC 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 1.5, 0.75 and 0.375 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 RSRQ measurements for cell-search and cell-reselection (1dB hysteresis).

· UE’s compare unfiltered (i.e., instantaneous) PDCCH SINR against a threshold of -7dB to decide if paging is successfully decoded. 
· 2x2 MIMO with Paging coded using SFBC
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Figure 1. L1 signaling exchange and timeline for DL-based mobility in RRC inactive state

3. 
UL-based mobility system model for RRC inactive state

Figure 2 shows L1 signaling exchange and timeline for UL-based mobility procedure in RRC inactive state.
Multiple TRPs can form a zone in which all TRPs are synchronized. Synchronization signal (SYNC) and/or a measurement reference signal is needed for the UE to discover the zone and/or make zone measurement. SYNC and reference signal in the zone can be transmitted in a SFN way

During DRX wake-ups, each UE detects the Zone-Sync, which allows it to determine if it has changed Zones in between DRX wake-ups. UE then transmits a reference signal (i.e., Uplink Measurement Indication CHannel (UMICH)) 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., Physical Keep Alive CHannel (PKACH)). The network response signal contains a one-bit paging-indicator. If the paging indicator is set, the UE reads another channel (i.e., Physical Cell Identification CHannel (PCICH) that provides the UE with additional information, such as the PCI of the TRP, where UE can decode PDCCH for paging.

The following gives the system model used in this contribution for the UL-based mobility:

· UE UMICH bandwidth of 5MHz

· Network PKACH bandwidth 1.25MHz

· DRX cycles of 1.5 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 UMICH to achieve      -3dB target SNR.   

· Network compares unfiltered (i.e., instantaneous) UMICH SINR against a threshold of -7dB to decide if UMICH is detected 

· UE’s compare unfiltered (i.e., instantaneous) PKACH, PCICH and PDCCH SINR’s against a threshold of -7dB to decide if paging is successfully decoded. 
· 2x2 MIMO with UMICH, PKACH and PDCCH coded using SFBC

· UMICH from all UE’s interfered with one another. So did PKACH (PCICH and PDCCH) from all TRPs.
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Figure 2. L1 signaling exchange and timeline for UL-based mobility procedure in RRC inactive state

4. 
Highway and High-speed Train deployment scenarios 
Figure 3 shows the deployment layout for the Highway and High Speed Train scenarios. The following gives further details:
· Layout with 57 UEs (all outdoor) and 57 TRPs with ISD = 1.732Km
· UEs move at a constant speed along linear trajectories with random orientation.
· UE speed for Highway and High-speed train scenarios are 120 Km/h and 480 Km/h, respectively. (3GPP requirement: 500 km/h)
· Channel models follows 36.885, in particular, Scatterers are not re-dropped, but PL and shadowing are periodically updated (every 100ms and 25ms for 120Km/h and 480Km/h, respectively.)

[image: image3]
Figure 3. Deployment Layout for Highway and High Speed Train Scenarios
5. 
DL-based mobility performance under Highway and High Speed Train scenarios in RRC inactive state

Figure 4 shows paging-miss, cell-search and cell-reselection rates as a function of cell-search RSRQ threshold under DL-based mobility for Highway deployment scenario and RRC inactive state.

As the figure shows, increasing cell-search threshold reduces paging-miss rate at the cost of increasing cell-search rate and hence UE power consumption. However, there is a limit to how low the paging-miss can be pushed, e.g. even at a threshold of -2dB and DRX 750ms, paging miss it still 2.7%. One of the reasons for paging-miss is due to L3 filtering, at cell boundaries filtered RSRQ’s (used for cell-search and reselection) drop or rise slower than instantaneous L1 PDCCH SINR’s. In other words, by the time neighbor cell L3-filtered RSRQ becomes offset (i.e., 1dB) better than serving cell, the instantaneous L1 PDCCH SINR is too low for successful decoding of paging. This is despite the aggressive hysteresis value used (i.e., 1dB compared to specification’s recommendation of 3dB). 
Reducing paging-miss rate any further requires reducing the DRX-cycle. As Figure 4 shows reducing DRX-cycle from 1.5s to 750ms allows the paging-miss to be reduced to 2.7% for a threshold of -2dB, which is still high. This however increases the cell-search rate and hence UE power consumption (note that the figure shows the paging-miss, cell-search and cell-reselection rates per DRX wakeup.) As a final note, cell-reselection rate (per second) is not very sensitive to cell-search threshold as it is more a function of UE movement between DRX wakeups. 
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Figure 4. Paging-miss rate for DL-based mobility under Highway scenario

Figure 5 shows paging-miss and cell-search rates as a function of cell-search RSRQ threshold under DL-based mobility for High Speed Train deployment scenario and RRC inactive state. As the figure shows, DL-based mobility’s paging-miss rates are high even with very aggressive cell-search threshold and low DRX cycles (i.e., 5.6% for cell-search threshold of -2dB and DRX cycle of 375ms.) 
Observation 1: For RRC inactive state, in mobility challenging scenario, DL based mobility can have high paging miss probability

Observation 2: For RRC inactive state, in mobility challenging scenario, paging missing probability for DL based mobility can be improved at the expense of UE power consumption increase, e.g. more frequent and longer cell-search
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Figure 5. Paging-miss rate for DL-based mobility under High Speed Train scenario
6. 
UL-based mobility performance under Highway and High-speed Train scenarios in RRC connected state

Figure 6 shows paging-miss, cell-search and cell-reselection rates as a function of cell-search RSRQ threshold under UL-based mobility for Highway and High Speed Train deployment scenarios (RRC inactive state.)
As the figure shows paging-miss rates under UL-based mobility are very low. In fact for Highway and High Speed Train deployment scenarios paging-miss rates are 1.3% and 2.3%, respectively, compared to 5.6% and 22% for DL-based mobility (at the same DRX cycle of 1.5s). Ideally the paging-miss should be zero as there are no coverage holes in the layout. The residual paging-miss (e.g., 2.3% under High Speed Train scenario) is due to mismatch between UL and DL interference profiles and can be eliminated through an optimized cell-search algorithm that takes this mismatch into account. Another point to note is that cell search is carried by network, which can be further 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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Figure 6. Paging-miss rate for UL-based mobility under Highway and High-speed train scenarios
Figure 7 compares paging-miss rates for UL and DL-based mobility under Highway and High Speed Train deployment scenarios. 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.) 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 UMICH.
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Figure 7. Comparison of UL and DL-based mobility paging-miss and DL cell-search under Highway and High-Speed scenarios 
Below is the observation from UL based mobility evaluations

Observation 3: For RRC inactive state, in mobility challenging scenario, UL based mobility can still provide reliable paging because of fast closed-loop L1 handshake at each DRX wakeup (i.e., UE transmitting a reference signal and Network sending back a response signal)
Observation 4: For RRC inactive state, in mobility challenging scenario, UL based mobility can provide better paging reliability and UE power consumption tradeoff, compared to DL based mobility

7. 
KPIs for mobility performance evaluations
In the context of the ongoing Rel-14 RAN study, various performance KPIs and requirements have be proposed in the latest Technical Report, Study on Scenarios and Requirements for Next Generation Access Technologies [1], including UE energy efficiency, mobility and Network energy efficiency, etc. Clearly, mobility design and enhancement is one of the important areas for ensuring and optimizing those performance KPIs.

For mobility performance study, we propose the following KPIs

· RRC inactive state (similar to LTE_IDLE)
· Paging-miss rate
· Call-setup delay (i.e., number of consecutive Network paging miss before UE establishes a connection)
· Network paging resource utilization (e.g., number of TRPs involved in paging a UE )
· UE (intra-frequency) cell-search rate (relates to UE power consumption.)
· Comparative UE power consumption analysis
· RRC connected state (similar to LTE RRC_CONNECTED) 
· Handover-failure rate
· Mobility interruption time
· User experience during the HO
8. 
Conclusions

In this contribution we provided performance analysis for UL-based mobility and DL-based mobility procedures under Highway and High Speed Train deployment scenarios in RRC inactive state. We provided a detailed system model for UL and DL-based mobility procedures and Highway and High Speed Train scenarios. We then provided numerical results showing benefits of UL-based mobility over DL-based mobility in these two deployment scenarios in terms of increased paging reliability (i.e., reduced paging-miss rate) and reduced cell-search at UE which affects UE power consumption. We also proposed KPIs for mobility performance evaluation in both RRC inactive and RRC connected states.
Our observation are as follows 

Observation 1: For RRC inactive state, in mobility challenging scenario, DL based mobility can have high paging miss probability

Observation 2: For RRC inactive state, in mobility challenging scenario, paging missing probability for DL based mobility can be improved at the expense of UE power consumption increase, e.g. more frequent and longer cell-search

Observation 3: For RRC inactive state, in mobility challenging scenario, UL based mobility can still provide reliable paging because of fast closed-loop L1 handshake at each DRX wakeup (i.e., UE transmitting a reference signal and Network sending back a response signal)
Observation 4: For RRC inactive state, in mobility challenging scenario, UL based mobility can provide better paging reliability and UE power consumption tradeoff, compared to DL based mobility
Our proposals are as follows 

Proposal 1: 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. 
Proposal 2: NR shall consider supporting hybrid/dynamic DL-based and UL-based mobility 

Proposal 3: Evaluate mobility performance. Following are the proposed KPIs.

· RRC inactive state (similar to LTE_IDLE)
· Paging-miss rate
· Call-setup delay (i.e., number of consecutive Network paging miss before UE establishes a connection)
· Network paging resource utilization (e.g., number of TRPs involved in paging a UE )
· UE (intra-frequency) cell-search rate (relates to UE power consumption.)
· Comparative UE power consumption analysis
· RRC connected state (similar to LTE RRC_CONNECTED) 
· Handover-failure rate
· Mobility interruption time
· User experience during the HO
9. 
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