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Discussion and Decision
1      Introduction
During last RAN2#94 meeting, it has been agreed the following:

Agreements:


1 NR eNB corresponds to 1 or many TRPs

Agreed requirements


2: 
As baseline, NR shall support a state with network controlled mobility handling and a state with UE controlled mobility.


3: 
For typical NR inter-eNB network controlled mobility, minimise the required measurement configuration to be provided to the UE to configure measurements (e.g. avoid the need to provide detailed 'cell' level information). More detailed information may be provided to address some cases.


4
Minimise context move as a consequence of UE based mobility.

Agreements

Two levels of network controlled mobility:

1: RRC driven at 'cell' level.

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

FFS what is the definition of a cell

In this contribution, we compare two different candidates for RRM measurement and conduct a simulation and provide observations based on different measurement aspects.
2      Discussion
2.1     Measurement in a NR-cell
Even though there is no agreement on the definition of a NR-cell, two levels of mobility are agreed including RRC driven at ‘cell’ level mobility. Since the network consists of TRPs, therefore, a NR-cell should consist of one or more TRPs. Each TRP may form one or multiple beams. 
Proposal 1: A NR-cell consists of one or more TRPs

Proposal 2: A TRP may form one or more beams 
The NR-cell Search for NR is the first step to acquire time/frequency synchronization, system information. Typically, initial access procedure may comprise NR-cell Search and RACH procedures. Thus, as the NR-cell Search refers to the unit for finding ‘cell’, it is deemed necessary to discuss the definition of the ‘cell’ considering NR deployment scenarios.

In LTE, on the given carrier frequency, a cell has been assumed as an individual entity for Tx/Rx although there has been no clear definition. For instance, an eNB may comprise multiple sectors and/or multiple TPs. The individual entity for each sector and/or TP is called a cell and a PCI (Physical Cell ID) is assigned for the individual entity (i.e. sector and/or TP). In consequence, the specification only describes ‘cell’ although the study assumes many practical deployment scenarios such as sectorization, small cell scenario (with the same/different PCIs among the TPs within a macro cell area which are often referred by CoMP Scenario 3/4) and so on. In addition to the existing PCI, a further ID for CSI-RS has been configured to distinguish the different TPs in Rel-12 small cell enhancement WI and recently configurable ID for PRS has been agreed in Rel-14 indoor positioning WI. Both were mainly motivated by the same PCI scenarios within a macro cell area.

In NR, we will need at least the similar identifier for NR-cell in order for the UE to perform handover (“RRC driven” mobility). The UE will need to perform measurement on the serving NR-cell and the neighboring NR-cells. Some sort of identifier for the UE to identify the NR-cell will be needed. The remaining question would be, does the UE need to identify TRP and beam.   
Observation 1: At least NR-cell ID is needed for the UE to identify different NR-cells in order to perform measurement/reporting for inter-cell mobility.
Currently, two kinds of measurements are studied in RAN1:

· NR-cell specific RS measurement in Overlaid cell (SFN): An Overlaid-Cell comprises one or multiple TRPs. All TRPs within the NR-cell sound the same reference signal (NR-cell specific RS) by omni-directional antenna (in some cases, it can use beamforming for NR-cell edge UE). 
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· In this case, both beam and TRP can be transparent to the UE for RRM measurementsOnly NR-cell ID is needed. 
· The advantage of this method is that no beam training is required and hence the measurement is fast similar to current LTE

· The disadvantage of this method is that the measured channel will be different from the beamform data channel. After the initial access, beam training will still be required (maybe perform in physical layer and transparent to the higher layer) to find the best beam pair for data communication. Therefore, the total interruption time may be longer for handover.
· Beam RS based measurement: the UE performs measurement on each beam RS. FFS on what to report within a NR-cell. It could be best beam RSRP or multiple TRPs etc. 

· In this case, NR-cell ID and/or TRP ID and/or beam ID may be needed

· Due to beam sweeping, the measurement will require longer duration than current LTE 

· In general, we can consider the following cases: 

	What is NOT transparent to the UE
	NR-cell ID only
	NR-cell ID + TRP ID
	NR-cell ID + beam ID
	NR-cell ID + TRP ID + beam ID

	What may be in the measurement reporting
	Best beam per NR-cell or some other matrix
	May report multiple TRPs per NR-cell
	May report multiple beams per NR-cell
	May report multiple TRPs and multiple beams per TRP

	RRM measurement reporting size
	Small (
	Medium (
	Medium (
	Large (

	Beam sweep again needed after handover
	Yes on all TRP, since the network doesn’t have the beam information. Beam training in the physical layer is needed (may be transparent to higher layer) (
	Yes, only 1 TRP to find the best beam because TRP ID is reported (
	No, if the beam ID is unique across all TRP (
	No. The network has the best TRP and beam information, it can perform beam maintenance/ beam tracking (

	Interruption time
	Long (
	Medium (
	Short (
	Short (


Observation 2: if beam based measurement is used, it is beneficial for the UE reports the beam level measurement result with beam ID so the UE doesn’t require to perform beam training again after handover.
Table below gives a comparison for Overlaid cell and beam based measurement:

	
	NR-cell specific RS measurement
	Beam RS based measurement

	Time to measurement for a NR-cell
	Short (
	Long (

	Same as data channel
	No (
	Yes (

	Beamforming used
	No 
	Yes 


Proposal 3: RAN2 to wait for RAN1 to decide what will be used for RRM measurement
2.2     Beam based measurements
Figure 1 (left) shows a deployment with 3 cells and each consists of multiple TRPs. UE 1 and UE 2 are moving from NR-cell 2 towards NR-cell 1. UE has to perform measurement in order to discover neighbouring NR-cell. Let consider only one TRP scenario when UE is in mobility shown in Figure 1 (right), the UE starts at the highest antenna gain (at half beam width) within the serving beam (color blue). The UE is moving to the left, then the TRP beam tracking is performed and switch to the purple dotted line beam. At the same time, the UE is performing measurement to the serving NR-cell and the neighbour NR-cells. 
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Figure 1: three NR-cells deployment each consists of multiple TRPs (left), one TRP beam tracking when the UE is in mobility (right)
Let’s look at individual TRP level, Figure 2 shows the beam tracking within the same TRP when the UE is moving at 60km/h. Two TRPs are shown in the figure. The serving TRP 3 is color in orange. The neighboring TRP 6 is color in blue. The UE initially is connected to beam 1 at TRP3. Then due to mobility, the beam tracking is performed to find a best beam and TRP perform beam switch to beam 2 and create the bump in measurement. This continue during the mobility for both serving TRP and neighboring TRP. The bump is about 6-7dB in LoS case. However, no such bumps are observed in non LoS case as in Figure 5. This bumps in measurement may create more challenge in mobility decision. For instance, based on the example in Figure 2, there will be an event trigger at 3000ms and 3800ms. Figure 3 shows all the TRP measurement for the same UE as in Figure 2. As you can see, from 2000ms to 4500ms, there are 4 TRPs measurement that is close to each other. You can imagine the handover decision becomes more challenging. Figure 4 shows the same deployment with 120km/h UE. In 60km/h, the handover region starts at 1800ms and ends at 4400ms. This is total of 2.6s. In 120km/h, the handover region starts at 800ms and ends at 2200ms. This is total of 1.4s. It is observed that the handover region is inverse proportional to the UE speed. High speed UE has a shorter handover region and lower speed UE has a longer handover region. The implication is that the measurement reporting triggering and/or handover timing should take into account of UE speed. Finally, Figure 6 and 7 show the slow moving UE (3km/h) in a non LoS scenario. The dotted line shows where the event is triggered and the solid line shows where the handover is completed. Due to the high variation of the signal from different TRPs, the UE unnecessarily triggers many measurement report and hence signaling overhead. RAN2 should takes into account when designing events trigger based on LoS, non LoS and UE speed. 
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Figure 2: Beam tracking bump within the same TRP under LoS case
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Figure 3: 60km/h UE measurement for all TRPs in LoS case
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Figure 4: 120km/h UE measurement for all TRPs in LoS case
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Figure 5: 120km/h UE measurement for all TRPs in non LoS case
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Figure 6: UE 1 (close to TRP) RSRP over time during handover moving at 3km/h in non LoS case
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Figure 7: UE 2 (close to TRP) RSRP over time during handover moving at 3km/h in non LoS case
Observation 3: RRM Measurement may need to consider the beam tracking into account within the same TRP in LoS case
Observation 4: Bumps are created in measurement due to beam tracking in LoS case i.e. if the the TRP and the UE track only the best beam within a TRP.
Observation 5: Beam bumps may not be observed in non LoS case
Observation 6: Multiple TRP measurements are close to each other within the handover region. This makes handover decision more challenging.
Observation 7: High speed UE has a shorter handover region and lower speed UE has a longer handover region if the same handover threshold is assumed.
Observation 8: Measurement reporting triggering and/or handover timing may need to take into account of UE speed
Observation 9: RAN2 may need to takes into account when designing measurement reporting based on channel characteristics (e.g. LoS, non LoS) and/or UE speed
When we consider the measurement on a NR-cell which consists of multiple TRPs like the Figure 1 (left) i.e. RRM measurement just tracks the best beam within a cell. Assume individual TRP is transparent to the UE. The UE only measures at the NR-cell level. That means the measurement of a NR-cell is the maximum RSRP among all the beams across all TRPs. Figure 6 shows the measurement of a NR-cell. The measured signal looks very similar to individual TRP level. 
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Figure 6: measurement of a NR-cell (consists of multiple TRP)

Observation 10: NR-cell level measurement (consists of multiple TRPs) may be similar to measurement in TRP level. All observation 3-9 apply to NR-cell level measurement as well
Proposal 4: RAN2 should discuss how to reduce measurement reporting signaling in NR if beam RS based measurement is supported in RAN1 and many beam RS based measurement results are available for RRM measurements.
3      Conclusion
Observation 1: At least NR-cell ID is needed for the UE to identify different NR-cells in order to perform measurement/reporting for inter-cell mobility.

Observation 2: if beam based measurement is used, it is beneficial for the UE reports the beam level measurement result with beam ID so the UE doesn’t require to perform beam training again after handover.

Observation 3: Measurement may need to consider the beam tracking into account within the same TRP in LoS case
Observation 4: Bumps are created in measurement due to beam tracking in LoS case i.e. if the the TRP and the UE track only the best beam within a TRP.
Observation 5: Beam bumps may not be observed in non LoS case
Observation 6: Multiple TRP measurements are close to each other within the handover region. This makes handover decision more challenging.
Observation 7: High speed UE has a shorter handover region and lower speed UE has a longer handover region if the same handover threshold is assumed.
Observation 8: Measurement reporting triggering and/or handover timing may need to take into account of UE speed
Observation 9: RAN2 may need to takes into account when designing measurement reporting based on channel characteristics (e.g. LoS, non LoS) and/or UE speed
Observation 10: NR-cell level measurement (consists of multiple TRPs) is very similar to measurement in TRP level. All observation 3-9 apply to NR-cell level measurement as well
Proposal 1: A NR-cell consists of one or more TRPs

Proposal 2: A TRP may form one or more beams 
Proposal 3: RAN2 to wait for RAN1 to decide what will be used for RRM measurement
Proposal 4: RAN2 should discuss how to reduce measurement reporting signaling in NR if beam RS based measurement is supported in RAN1 and many beam RS based measurement results are available for RRM measurements.
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