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1. Introduction
In this contribution we consider DL and UL-based mobility in both RRC-CONNECTED inactive and RRC-CONNECTED active states. For RRC-CONNECTED inactive we summarize performance evaluations previously presented in [2], [3] and [4], which include paging-miss rate and UE power consumption under rural with high speed UEs and dense urban scenarios as agreed upon in [1]. For RRC-CONNECTED active we provide a qualitative assessment of UL-based mobility potential benefits, which include relieving UEs from performing measurements and cell-search (hence reducing UE power consumption), reducing signaling by eliminating RRM measurement reports, and improving UE tracking and hand-off performance. 
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. We start by giving the details of DL and UL-based mobility procedures in RRC-CONNECTED inactive. Next we summarize DL and UL-based performance evaluations in RRC-CONNECTED inactive state as presented in [2], [3] and [4]. We then provide a qualitative assessment of UL-based mobility potential benefits in RRC-CONNECTED active state.   
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 used for L3 filtering. This roughly correspond to a moving average over last 5 L1 measurements.
· UE’s use L3 filtered RSRQ measurements for cell-search and cell-reselection with hysteresis values of 1dB.
· 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 its strength. UE then transmits a UL 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 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. DL and UL-based Mobility Performance in RRC-CONNECTED Inactive State 
We provide performance evaluations for “Rural with high speed UEs” and “Dense Urban” scenarios as agreed upon 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 models comparable in terms of number of TRPs per unit area, but simplifies PUMICH open loop power control as a result of TRP deployment homogeneity. Our rural with high speed UE’s model exactly follows that of [1].
Figure 8 and Figure 9 compare paging-miss rates for UL and DL-based mobility for dense urban and rural with high speed UE’s, respectively (for more details see [3] and [4].) 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 figures show UL-based mobility provides paging-miss rates comparable to those of DL-based mobility while operating at much longer DRX cycles, e.g., 1.28 seconds compared to 160ms and 320ms for dense urban and rural with high-speed UE’s, respectively. 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: _Ref458604677]Figure 3. Comparison of UL and DL-based mobility paging-miss and DL cell-search rates for dense urban scenario 
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[bookmark: _Ref473803750]Figure 4 Comparison of UL and DL-based mobility paging-miss and DL cell-search rate for Rural with high speed UEs scenario 
[bookmark: _Ref473805285]As a result of DL-based mobility requiring UE to wake-up more frequently to match UL-based mobility’s performance, the latter is advantageous (in most scenarios) in terms of UE power consumption as evidenced by Figure 11 and Figure 12 (for details see [2].) Two points to note: First, whereas in [2] we evaluate UL-based mobility’s UE power consumption separately for cell-edge and cell-center UE’s (i.e., set-points A and B, respectively), here we use their average. Second, UL-based mobility’s UE power consumption does not vary across scenarios as it always operates at the same DRX-cycle of 1.28 seconds. As figure Figure 12 shows, UL-based mobility provides significant gains, i.e., 75%, 54%, in dense urban and rural with high speed UE’s, respectively, but entails a 10% loss compared to DL-based in a benign low mobility scenario where both schemes operate at the same DRX-cycle of 1.28 seconds. This is because in UL-based mobility UE burns more power (per DRX-cycle) transmitting UL reference signal whereas in DL-based it merely measures DL reference signals.
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Figure 5 Comparison of UL and DL-based UE power consumption for benign low mobility, Rural with high speed UEs and Dense urban scenarios
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[bookmark: _Ref473805291]Figure 6 UL to DL-based UE power gain for benign low mobility, Rural with high speed UEs and Dense urban scenarios
5. DL and UL-based Mobility Performance in RRC-CONNECTED Active State 
In this section we provide a qualitative assessment of UL-based mobility’s potential benefits in RRC-CONNECTED active state. As mentioned earlier, in UL-based mobility UEs transmit UL reference signals and RAN determines mobility events based on their measurements. In RRC-CONNECTED active state, SRS may take the role of UE UL reference signal. Note that due to synchronicity of NR TDD deployments, and UE being tightly synchronized (through TA commands) to its serving TRP, it’s reasonable to assume that neighboring TRPs are also able to do detection and measurements on UE’s SRS. This is especially true for dense urban scenario, where deployment’s small ISD makes normal CP adequate (In contrast, in RRC-CONNECTED inactive state where UE’s do not receive TA commands, UL reference signals have to use RACH symbols which have larger CP.) As a result of this arrangement, the following seem as potential benefits of UL-based mobility in RRC-CONNECTED active state:
· Relieving UE from performing measurements and cell-searches, hence reducing UE power consumption except maybe for a benign low mobility scenario, where UE’s UL reference signal transmission outweighs saving from eliminating measurements and cell-searches
· Reducing signaling traffic by eliminating RRM measurement reports
· Improving UE tracking as network directly does L1 measurements instead of UE performing/reporting measurements. This in turn translates to improved HO reliability and interference management
6. [bookmark: _GoBack]Conclusion 
In this contribution we considered DL and UL-based mobility in both RRC-CONNECTED inactive and RRC-CONNECTED active states. For RRC-CONNECTED inactive we summarized performance evaluations previously presented in [2], [3] and [4]. For RRC-CONNECTED active we provided a qualitative assessment of UL-based mobility’s potential benefits.
Observation1: In RRC-CONNECTED inactive state, UL-based mobility provides benefits over DL-based mobility for both dense urban and rural with high speed UE’s in terms of increased reliability (i.e., reduced paging-miss rate) and reduced UE power consumption. 
Observation2: In RRC-CONNECTED active state, UL-based mobility may provide potential benefits over DL-based mobility including relieving UEs from performing measurements and cell-search (hence reducing UE power consumption and NW signaling load), reducing signaling traffic by eliminating RRM measurements reports, and improving UE tracking and hand-off performance.
Proposal: NR shall support UL-based mobility for both RRC-CONNECTED active and inactive states, where UE transmits reference signals and RAN determines a mobility event based on measurements of reference signals of UE’s. 
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Comparison of UL and DL-based Mobility in Dense Urban
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