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1 Introduction
In 3GPP RAN1#86 [1], the following conclusion regarding to UL RRM are made : 
Conclusions:

· 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
This contribution discusses the possible use cases for UL RRM.
2 Use cases for UL RRM
The basic idea of UL RRM is that, “NW may perform RRM in aid of UL signal transmitted by UE”. Due to the nature of IDLE state, where eNB keeps no UE related information, UL RRM is not applicable in IDLE mode. Some contributions provide possible use cases for UL RRM in CONNECTED-ACTIVE and CONNECTED-INACTIVE mode [2] [3]. For example, Ref [2] [3] address that UL RRM may improve handover (HO) performance in CONNECTED-ACTIVE state and improve paging performance in CONNECTED-INACTIVE state in aid of UL RRM. The advantages are not clear yet. However, there is one big problem to be pointed out, which is NW signalling overhead. From [2] [3], HO/paging performance may be improved when source and neighboring eNBs can monitor and exchange information (ex : UL signal strength), which means there is significant signalling overhead and great effort of co-ordination/reconfiguration of UL signal in NW side [4]. In addition, the timely information change is also a hard requirements among eNBs. This is a critical issue for UL RRM.
Observation #1: UL RRM mechanisms involving neighboring NR-cell is less practical due to great efforts of co-ordination/reconfiguration of UL signal and huge signalling overhead for information exchange in NW side.
It is more practical if the idea of UL RRM can be applied in scenarios, which induce only little or no signalling overhead among NR-cells. Therefore, some possible use cases are proposed for UL RRM, and these cases are only applicable in CONNECTED-ACTIVE state. (Please refer to our companion’s another contribution [5] for more discussion)
· Use case 1: To help TRP selection within a NR-cell

· Use case 2: To help configuration of measurement report
· Use case 3: To improve HO performance
It is noted that in these use cases, UL signal is only monitored by source NR-cell, not by neighboring NR-cell. These use cases are further discussed in following sub-sections.
2.1 To help TRP selection within a NR-cell
It is expected that UL SRS-like signal as in LTE is also adopted in NR for UL scheduling and other purpose. When UE moves within a NR-cell with multiple TRPs, UL signal can be used for NW to determine which TRP is better to serve UE, and it also helps to reduce reference signal overhead for downlink measurements and UL transmission overhead for signaling channel information of neighboring TRPs.
Observation #2: Within a NR-cell, reference signal overhead for downlink measurements and UL transmission overhead for signaling channel information of neighboring TRPs can be reduced in aid of UL signal.
Proposal #1: For UEs in CONNECTED-ACTIVE state, TRP selection within a NR-cell based on UL measurement is supported
2.2 To help configuration of measurement report
As shown in Figure 1, UL signal may help NW to initiate the signaling of configuration of measurement report.

· Step 1 : In the beginning, serving eNB signals to UE the configuration of UL signal (may be SRS or other new signal).

· Step 2 : UE sends periodic UL signal which is measured by serving eNB. UE may or may not be performing DL measurements.

· Step 3 : When the serving eNB realizes downlink measurement results are necessary (e.g., when UL RSRP falls below pre-defined threshold), NW informs UE the configuration of measurement report.

· Step 4 : UE starts related measurement behavior.
In aid of UL signal, UE may perform less or no DL measurement when UE has good enough channel condition. Moreover, NW may timely signal configuration of measurement report rather than signal until UE reports that UE is in bad DL RSRP.

Observation #3: UL signal may help NW to initiate the signaling of configuration of measurement report.
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Figure 1. The procedure UL signal helps configuration of measurement report
2.3 To improve HO performance
UL signal may also improve HO performance. What we proposed is “UL-assisted DL-based handover”. Its key idea is to decouple the measurement reporting and handover decision. In current procedure, the serving eNB makes handover decision and delivers handover command after measurement event triggering and reporting from the UE. With UL measurements, the handover decision can be made based on UL measurement results. More specifically, the UE still transmits measurement reports containing neighboring cell information (e.g., the best neighbor cell ID and its RSRP). However, eNB may make handover decision based on measurement reports and/or the variation of UL signal strength. For example, in case of the periodicity of measurement report configured as 80ms/160ms and periodicity of SRS as 20ms/40ms, the more frequent UL signals make eNB timely detect the variation of signal strength, and can make HO decision in time. Therefore HO performance can be improved. One example is shown in Figure 2, which is also illustrated in below :
· Step 1 : UE performs DL measurements.

· Step 2 : UE sends periodic measurements report and periodic UL signal.

· Step 3 : Serving eNB makes HO decision due to DL measurements report or UL measurements

· Ex1 : From DL measurement report, NW knows a neighboring cell is offset better than the serving cell

· Ex2 : From UL measurements, UL RSRP falls below a threshold

· Ex3 : From UL measurements, serving eNB realizes the quick variation of signal strength.

· Step 4 : Same as basic HO procedure : HO Request ( HO Response ( HO command ( …

Proposal #2: UL measurement, which is only monitored by serving eNB, can be configured to assist DL-based handover decision in CONNECTED-ACTIVE state
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Figure 2. The procedure UL signal improve HO performance
3 Rough analysis on accuracy of RSRP
One concern may arise for UL RRM, which is “if the accuracy of UL RSRP good enough to support the use cases proposed in Section 2”. In this section, rough analysis is provided to show the accuracy of UL RSRP is not an issue.
3.1 To help TRP selection within a NR-cell
To analyze the accuracy of RSRP, received power for measurements and noise have to be examined. From [6], typical assumptions of dense urban are used for evaluation. Key assumptions are listed in Table 1.

Table 1. Assumption for analyzing the accuracy of RSRP
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Table 2 analyzes the received power for measurements from DL and UL perspective. TX power of Micro layer is used for TX power of TRP. In the preliminary analysis, one OFDM symbol is assumed for comparison. Results of more than one symbol can be estimated correspondingly. Table 3 analyzes the noise part to introduce the uncertainty of measurements. From Table 2 and Table 3, one may conclude that UL may have even better RSRP accuracy in case only one symbol is used for RSRP measurement due to
· larger received power by 12.8dB
· smaller noise power by 4dB
Observation #4: RSRP accuracy of UL is not a concern for TRP selection
Table 2. Analysis of received power for measurement
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Table 3. Analysis of noise part
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3.2 To help configuration of measurement report
In the use case, accuracy of UL measurement is less a concern since UL mechanism is as an assisted mechanism. Further configuration of measurement reports may anyway be signaled in aid of either DL measurements or UL measurements. 
3.3 To improve HO performance
Similar to the analysis in sub-section 3.1, Table 4 analyzes the received power for measurements from DL and UL perspective. Table 4 is almost the same as Table 2 except that TX power of Macro layer is used for HO scenario. There is no difference for noise part, and there Table 3 is used as reference. From Table 4 and Table 3, one may conclude that UL may have even better RSRP accuracy in case only one symbol is used for RSRP measurement due to

· larger received power by 1.8dB
· smaller noise power by 4dB

When UL measurement is configured as more frequent than periodic DL measurement report, the accuracy of UL RSRP can be even more improved.
Observation #5: RSRP accuracy of UL is not a concern for HO improvement mechanism proposed in this contribution
Table 4. Analysis of received power for measurement
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4 Conclusion
Due to the concern of huge signalling overhead for information exchange in NW side, practical use cases of UL RRM are proposed in this contribution, which are
· Use case 1: To help TRP selection within a NR-cell

· Use case 2: To help configuration of measurement report

· Use case 3: To improve HO performance
It is noted that these use cases are only applicable in CONNECTED-ACTIVE state. In addition, UL signal is only monitored by source NR-cell, not by neighboring NR-cell.
The rough analysis of accuracy of UL RSRP is also provided, showing accuracy of UL RSRP is not a concern for UL RRM in these proposed use cases. Therefore, we have the below proposals
Proposal #1: For UEs in CONNECTED-ACTIVE state, TRP selection within a NR-cell based on UL measurement is supported
Proposal #2: UL measurement, which is only monitored by serving eNB, can be configured to assist DL-based handover decision in CONNECTED-ACTIVE state
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