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1 Introduction

In RAN1#86 meeting, the following agreements on RRM measurement and mobility were achieved:
· For RRM measurement and mobility in NR, RAN1 needs to study DL and UL based measurements considering following RAN2 study
· RRC driven at ‘cell’ level

· Zero/Minimum RRC  involvement (e.g. at MAC /PHY) 

· FFS what is the definition of a cell

· For RRM measurement in NR, at least DL measurement is supported with the consideration on
· Both single-beam based operation and multi-beam based operation
· FFS: Definition of RRM measurement for multi-beam based operation
· FFS: DL signal for RRM measurement
· FFS: When DL measurement is applied
· Note that there is no conclusion that DL measurement is a complete solution for RRM measurement in NR for now
In this paper, we discuss the different scenarios where UL-based measurement provides clear benefits in terms of energy efficiency, mobility latency and signaling overhead. We then validate the benefits in dense urban scenario by showing initial evaluation results for RAN controlled state UE in low-frequency.
2 Scenarios for UL-based Measurement
UL-based measurement is a promising approach to satisfy the NR requirement on energy efficiency, mobility latency and signaling overhead [1]-[6]. UE in active state can send UL RS such as a SRS-like signal to TRPs so that network can perform measurements based on UL RS to obtain the TRP-UE association relation and make mobility decisions. For UE in new RAN controlled state [7], UE-specific uplink tracking signal can be configured and it allows the network to continue keeping track of the locations of the UEs, and perform efficient paging, maintain uplink timing alignment and determining TRP-UE association relation [2].
In this section, we discuss several application scenarios for UL based measurement: 
1) TRP Selection within NR cell
There will be common non-UE specific RS for measurement within the NR cell. NR cell may include one or multiple TRPs. For multiple TRPs case, TRPs within the NR cell can be transparent to UE due to the common DL RS of the TRPs within the NR cell.  To facilitate and support network TRP selection, different TRPs within NR cell can measure UE’s UL measurement signal and network can perform joint TRP selection based on measurement results from multiple TRPs.
Observation 1: UL based measurements enable the TRP(s) selection within the NR cell.

Furthermore, in dense network deployment scenarios, e.g. UDN, the conventional DL-based mobility approach requires significant DL RS measurements and feedback by the UE. When UE number to TRP port number ratio is large, DL based measurement is reasonable since this can be viewed as sharing the measurements task among the UEs. However when the UE number to TRP port number ratios becomes lower or few UEs moving at the edge, e.g. considering the tidal effect of UE distribution, UL measurement based mobility will be more efficient to reduce the possible downlink common signals and the UE power consumption.

Observation 2: Configuring UL based measurement in dense network deployment result in efficient reduction on signalling overhead and UE power consumption.
2) NR Cell Mobility

For high speed scenarios, e.g. highway or high speed train, UL based measurement provides better UE power efficiency, less mobility interruption and less signal overhead compared with DL based measurement. In DL based measurement, UE performs frequent neighboring cell measurement in high speed scenarios, which requires more energy consumption compared to sending UL measurement signal for the purpose of UL based measurement [3]
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 \* MERGEFORMAT [4]. Regarding mobility interruption, DL based measurement is a two-step procedure with network transmitting measurement signals and UE reports measurement. UL based measurement is a single-step procedure with UE transmitting measurement signals. It is obviously that UL based measurement is better to achieve the NR design target with 0ms mobility interruption for high speed scenarios. 
For high frequency scenarios, the sudden interruptions due to low SINR drop in serving beam may be unavoidable and more often. In DL based measurement, even if an active UE can perform measurements before the SINR becomes low, the UE may not be able to send measurement reports to the serving beam and waits for handover command. It will lead to high handover failure and radio link problems. UL based measurements avoid this disadvantage over the DL based measurements and hence would reduce the HO failure rate.
Observation 3: UL based measurement can alleviate the mobility interruption time and reduce the HO failure rate, especially for high speed mobility and beam based operation scenarios.
It is a good candidate solution to support UL based measurement for the UE in the RAN controlled state to allow paging message to be sent on the best TRP(s) instead of the wider tracking area in DL based measurement, especially in dense urban scenario. Annex provides some preliminary results on the paging performance e.g. paging miss rate. The good paging performance is in line with the observation on power consumption [3]
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 \* MERGEFORMAT [4] and overhead in other companion contributions, as fewer TRPs (thus lower overhead) are involved in paging than DL RRM if the same paging miss rate target is set. If considering the overhead incurred in DL RRM with dynamic tracking area  (i.e. more frequent update of tracking area based on UE measurement reports) in dense urban scenario, UL based RRM is more competitive: UEs do not need to measure large amount of RS in DL and do cell search, and do not need to feed back frequent (and sometimes a large amount of) tracking area update information; only “light” tracking signal [4] is transmitted by UE and major processing is done at network side; and since UL RRM is not sensitive to DRX cycle, using relatively longer DRX cycle can further help reduce energy consumption.

Observation 4: In RAN controlled state of low-frequency dense urban scenario, UL based RRM has better paging performance than DL based RRM with dynamic tracking area.
It is important to note that DL-based measurements still serve many important functions such as DL (L1/L2) beam management or NR cell reselection in idle mode. For the downlink beam management, to support beam switch/refinement for intra-TRP and inter-TRP beamforming procedure within NR cell, the UE would measure downlink reference signal on different TRP Tx beams. 

For idle UE, it cannot send any UL measurement signals. Therefore the NR cell reselection should rely on DL reference signal. 
Observation 5: DL based measurement should be support for L1/L2 beam management, and NR cell reselection for idle UE.
Proposal 1: NR shall support UL based RRM measurement and mobility at least in dense urban, high speed mobility and beam based scenarios.
3 Conclusions

In this contribution, we have identified various scenarios that benefit from UL based measurements, complementing the DL based measurements that are still needed. From the above discussion, we have the following observations: 
Observation 1: UL based measurements enable the TRP(s) selection within the NR cell.

Observation 2: Configuring UL based measurement in dense network deployment result in efficient reduction on signalling overhead and UE power consumption. 
Observation 3: UL based measurement can alleviate the mobility interruption time and reduce the paging signalling overhead and HO failure rate, especially for high speed mobility and beam based operation scenarios.

Observation 4: In RAN controlled state of low-frequency dense urban scenario, UL based RRM has better or close paging performance than DL based RRM with dynamic tracking area.

Observation 5: DL based measurement should be support for L1/L2 beam management, and NR cell reselection for idle UE.
Proposal 1: NR shall support UL based RRM measurement and mobility at least in dense urban, high speed mobility and beam based scenarios.

Annex: Initial Evaluation Result under Dense Urban Scenario

To demonstrate the above mentioned benefits of UL based measurement, initial performance evaluation results on paging are shown in this part. We focus on the dense urban scenario, where UE in RAN controlled state in low frequency (sub 6GHz) is considered. We compare both DL and UL based measurement.

1. Dense Urban Scenario

In the following we present our simulation topology setup for RRM in dense urban. The detail of our 2-layer dense urban deployment is shown as below.

· Carrier frequency is 4GHz and system bandwidth is 20MHz.

· 57 macro TRPs and 171 micro TRPs, with macro TRP ISD 200m.

· Powers of macro, micro, and UE are 44dBm, 33dBm, and 23dBm, respectively.

· Height of macro, micro, and UE are 25m, 10m, and 1.5m, respectively.

· An average of 10 UEs is deployed per macro/micro TRP, and all UEs are outdoor type with speed of 30km/h.

· UE locations and directions of move are randomly generated.

· Antenna patterns, large-scale fading and shadowing follow 36.873, while small-scale fading are modeled as i.i.d. Rayleigh.
· The numerology of tracking signal used in simulation is the same as the LTE PRACH format 0.
2. UL Measurement Procedure

UL based measurement for UE in RAN controlled state can be based on UE-dedicated tracking signal [2]
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 \* MERGEFORMAT [5]. During wake-up period, UE sends the tracking signal after it detects synchronization signal. The tracking signal is generated using UE dedicated identifier [2]
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 \* MERGEFORMAT [5] and can be based on Zadoff-Chu sequence which has good auto- and cross-correlation properties.

The procedures of UL based measurement adopted in our simulation are illustrated as follows with some detailed parameters:

· During wake-up period with a given cycle, UE transmits UL tracking sequence with open-loop power control. In our simulation, all modeled UEs send tracking signals, and they all interfere with each other.

· TRP detects sequences along with timing alignment. UE has a single transmit antenna while TRP is equipped with four receiving antennas in this process, and sequence detection results are averaged over TRP receiving antennas. The detected result is further averaged with past measurements to find the best TRP set association for paging of one UE by ordering of sequence correlation strength.

· If downlink data arrives for a UE at/before this wake-up period, the associated TRPs of this UE determined by network in the tracking stage send paging info for this UE, where 2x2 MIMO with SFBC is assumed in this process. A SINR threshold of -7dB is assumed for successful detection of paging at the UE.

3. DL Measurement Procedure for LTE RRM

In LTE, network is not able to obtain accurate location for an idle UE with DL based measurement. For the purpose of paging, the TRP set involved in paging comes from the tracking area list configured for each UE [4]. The tracking area of a UE is updated when this UE moves beyond the original tracking area to the coverage of a TRP in another tracking area. If tracking area is large, more paging overhead is incurred while if tracking area is small, more signalling is needed to update tracking area list as UE moves.

The procedures of DL based measurement in the simulation is illustrated as follows with some detailed parameters

· During each wake-up period with a given cycle, UE detects synchronization signal and measures the wideband reference signal from TRPs to determine whether it needs to update its tracking area. If so, UE signals network its new tracking area.

Note we assume tracking area update delay is one DRX cycle (RSRQ threshold is set such that cell search rate is fast enough and at the next DRX cycle network updates tracking area list of this UE). We also assume perfect large-scale gain is obtained at UE in DL measurement and no filtering/average is needed. Paging detection is the same as in UL RRM case.

4. DL Measurement Procedure for Dynamic Tracking Area
Since the tracking areas of network is configured in the network initialization stage and is fixed, the tracking area of each UE is not “UE-centric”. For fair comparison with UL measurement in which the tracking area is always dynamically updated with UE movement, we also consider the DL RRM measurement with dynamic tracking area as UE moves in the simulation. The procedure is as follows

· During each wake-up period with a given cycle, UE detects synchronization signal and measures the wideband reference signal from TRPs. UE selects several strongest TRPs in terms of RSRQ and feedback indices corresponding to the RS ports of these TRPs to the network to update its tracking area.

Again we assume the tracking area update delay is one DRX cycle and perfect large-scale gain obtained in DL measurement. Paging detection is the same as in UL RRM case. Note that comparing to fixed tracking area case only one tracking area index needs feedback, dynamic tracking area procedures need more feedback.

5. Performance Comparison of UL Based and DL Based Measurement

Three DRX cycles of 1.5s, 375ms, and 93.75ms are evaluated, which roughly corresponds to 12.5m, 3.1m, and 0.8m UE moving distance between each neighbored DRX cycle, with the assuming speed of 30km/h.
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Figure 1. Paging miss rate for UL and DL based RRM under different paging TRP number

Figure 1 shows the performance of paging miss rate as a function of paging overhead, i.e., number of paging TRPs for each UE, for both DL based and UL based RRM measurement. Dynamic tracking area in DL measurement significantly improves paging performance compared to that with fixed tracking area case, and it brings down paging miss rate under 1% at around 20 paging TRPs for DRX cycle 93.75ms. Smaller DRX cycle leads to better paging performance, at the cost of increased UE side measurement frequency and hence raised UE power consumption. It is also worth to note that our DL measurement is based on the assumption that the cell search rate is high enough so that tracking area update delay is set to one DRX cycle. Such update latency, however, still results in paging of a UE that may be conducted by a wrong tracking area. 
Unlike DL measurement, UL measurement is not so sensitive to DRX cycle as UL sequence and potential DL paging can be both transmitted within one DRX wake-up period, so tracking area is always up-to-date for paging based on the UL detection. However, smaller DRX cycle leads to better averaging/filtering performance and it still impacts the performance, at the cost of shorter “sleep” period and a more frequent UL beacon transmission. UL based measurement, as shown in Figure 1, achieves lower or close paging miss rate compared to DL RRM with the same DRX cycle. The gain of UL measurement comes mostly from the timely update of tracking area; whereas DL measurement has the latency problem: with a medium UE speed (30km/h) and at least one DRX cycle delay in updating tracking area, at the time of paging the used tracking area may be out-dated. Such a problem can be alleviated when tracking area becomes larger as UE is less likely to deviate too much relatively from its previous reported tracking area. 
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