[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #101-e	R4-2119354
Electronic Meeting, 1 – 12 November, 2021
	
Title: 	Discussion on measurement requirements for NTN
Source: 	Huawei, HiSilicon
Agenda item:	8.13.5.5
Document for:	Discussion
Introduction
RAN4#100-e discussed the measurement requirements for NTN, and the outcome of the discussions are captured in WF [1]. Based on our understanding, the following issues need to be further discussed:
· Multiple SMTC
· MG
· Cell service time 
· Measurement capability
· Target cell information acquisition
In this paper, we will provide our views on the general issues for NTN RRM. 
Discussion
Multiple SMTC
In RAN2#115-e, an LS was sent to RAN4 regarding support of multiple SMTC per MO for NTN:
	During RAN2#115_e meeting, RAN2 discussed the SMTC and measurement gap configuration in NTN and agreed that the UE can be configured to use multiple SMTCs per ssbFrequency in parallel and the maximum number of SMTCs configured per measurement object for the same ssbFrequency is equal to 4. The multiple SMTCs in the same measurement object and for the same ssbFrequency differ at least in offset.
RAN4 is asked to confirm that the maximum number of SMTCs configured per measurement object for the same ssbFrequency can be equal to 4. RAN4 is asked to provide feedback if any other value is suitable.


We think the number (4) agreed by RAN2 is reasonable based on our system level study [2], it is also feasible provided that multiple SMTC is properly accounted in measurement period requirements.
Supporting multiple SMTC windows per MO could cause some challenges to UE. Basically, UE is doing 4 times more cell search and measurement compared to one SMTC case. In some extreme case, the SMTC periodicity is 20ms and duration is 5ms, if the offsets are {0, 5, 10, 15}ms, UE would need to continuously perform cell search and measurement over time, if the requirements are still defined based on SMTC period.
In [3], it was proposed to consider a sharing factor for measurement over multiple SMTC windows. We think this is a reasonable solution to resolve the increased complexity due to multiple SMTC. The details can be further discussed based on further conclusion from RAN2. 
For example, the following was agreed in RAN2#115-e, and the outcome may need to be reflected in the requirements.
	1.	The UE can be configured with multiple SMTCs per carrier. FFS if the UE can use only a partial set or all of them in parallel, and in case FFS whether based on network configuration or UE implementation


Proposal 1: RAN4 confirms that the maximum number of SMTCs configured per measurement object for the same ssbFrequency can be equal to 4.
Proposal 2: A sharing factor is introduced to the measurement period if UE is configured to measure multiple SMTC windows per MO. Details FFS.
MG
As mentioned by [4], there can be multiple possible solutions for the MG enhancement for NTN, e.g. “multiple MGs which can be fixed or floating over time, a longer MGL based single MG”. For MG based measurement, we understand RAN4 may need to wait for further conclusion from RAN2.
In [5] it is proposed to apply the concurrent MGs defined by RAN4 MG Enh WI to NTN. In our view, the concurrent MGs framework may not be applicable for the multiple STMC scenario for NTN. In particular, it was agreed that the association between MG and measurement is on the basis of frequency layer or dedicated use cases, so it may not support to associate SMTC#1 to MG#1 and SMTC#2 to MG#2, when SMTC#1 and SMTC#2 are for the same MO. In addition, concurrent MGs is an optional feature, so it is not necessarily supported by all NTN UEs.
Proposal 3: RAN4 to wait for further conclusions from RAN2 on MGs for defining requirements for MG based measurement. 
Cell service time 
In RAN2#115-e it was agreed for Idle mode that
	For quasi-earth fixed cell, specify that UE should start measurements on neighbour cells before the broadcast stop time of the serving cell, i.e. the time when the serving cell stops covering the current area, and the exact time to start measurements is up to UE implementation


In current TN requirements, UE should be able to evaluate a newly detectable cell for cell reselection within Tdetect, and for the test cases, UE reselection delay is counted from the time point when the target cell is powered ON. This means that UE should continuously perform periodic cell search and measurement, otherwise it cannot meet the requirements or pass the tests.
One issue RAN4 may need to discuss is how to define the idle mode measurement requirements to account for the above agreement. 
Proposal 4: RAN4 to discuss how to define the idle mode measurement requirements considering RAN2 agreement that exact time to start measurements can be up to UE implementation in certain cases.
Measurement capability
	Issue 1-1-2 UE Measurement Capability
Agreement:
· For further in-depth discussion on Rel-17 NTN UE measurement/mobility capability, companies are encouraged to provide the detailed views, analyses, etc. based on system level study with approved assumptions in RAN4#101 e-meeting for the following aspects (but not limited to):
· the total number of measurement carriers
· FFS whether to differentiate NTN carriers and TN carriers
· the total number of measurement cells per frequency layer
· the total number of measurement beams (SSB and/or CSI-RS) per cell
· the total number of measurement beams (SSB and/or CSI-RS) per frequency layer
· whether beams (SSB and/or CSI-RS) from the same satellite is considered as separate cells or SSB beams of the same cell when frequency reuse factor is larger than 1
· the above can be different for different RRC states
Issue 3-1-3 UE capability regarding the number measurement cell groups
Agreement:
· RAN4 to further discuss UE capability regarding the number of measurement cell groups with different SMTCs and/or reception timings


As to the number of frequency layers, if TN-NTN mobility is not considered for Connected mode as discussed in our companion paper, there is no need to consider TN carriers. For the NTN carriers, considering that frequency re-use factor = 3 is a likely deployment, UE should be able to monitor at least 2 carriers which are served by the same satellite. 
For UE at the border of the satellite service area, or in earth moving cell scenario, UE may need to measure some other satellites than the serving one. However, we understand in typical deployments, these satellites are using the same carriers as the serving satellite, so it does not increase the need for UE to monitor more carriers. To make it safe we suggest to define the number of carriers UE needs to monitor as 3.
As to the number of cells/beams, we understand it may be difficult to define number of cells because how to map satellite beams (foot prints) to cells can be up to deployment. In some cases, multiple satellite beams are mapped to one cell with different SSB beam for each cell, while in other cases, each satellite beam is mapped to one cell with one or multiple SSB beams. 
Although RAN4#100-e has agreed that deployment dependent requirements are allowed, we still prefer to define a common set of requirements for all scenarios. Therefore, we suggest to only define the requirements on the number of SSB beams. In our simulation results [2], the number of neighbour beams with >-6dB SNR ranges from 3 to 6 for 50% UEs. To make it safe we suggest to define the number of SSB beams UE needs to monitor per carrier as 8.
On the number of cell groups with different SMTCs and/or reception timings, we do not see clear need to define separate capability. As discussed in section 2.1, it should be feasible for UE to support up to 4 SMTC windows per MO, provided that a longer measurement period is defined to account for the additional search and measurement. In this sense, there is no need to define measurement capability requirements for the number of SMTC windows. 
For Idle mode, TN-NTN mobility needs to be considered and a larger number of carriers may need to be monitored. 
Proposal 5: For Connected mode, define a common set of measurement capability requirements for all scenarios:
· define the number of carriers UE needs to monitor as 3
· define the number of SSB beams UE needs to monitor per carrier as 8
Proposal 6: For Idle mode, number of carriers UE needs to monitor should be increased to account for TN frequency layers.
Target cell information acquisition
	Issue 1-2-2 Neighbour/Target Cell Information Acquisition
Agreement:
· If not violates RAN1/2 agreements, RAN4 further discuss and determine the following in RAN4#101 e-meeting.
· RAN4 to develop RRM requirements assuming parameters to derive timing relation between the UE and non-serving cell(s) for measurement and/or handover will be provided by serving cell, e.g. K_offset, N_TA,common, ephemeris information, etc. If UE doesn’t obtain those parameters from the serving cell, additional delay is expected.


The issue is related to how UE determines the timing of the target cell for measurement. In RAN2#115-e the following was agreed
	In NTN, it is necessary of the UE to report assistant information to the NW (which can be configured by NW or upon NW’s request) to assist NW calculating the offset for SMTC/GAP configurations. FFS the detailed information.


In our view, this means NW should be able to derive the coarse timing of the target cell, with UE assistant, so that it can configure the SMTC or MG offset properly. UE is supposed to perform measurement within the configured SMTC windows, and the question is whether UE needs to know more information about the target cell, e.g. the propagation delay of the service link, or the common TA.
In [3], one issue is raised that the timing of the target cell can drift in LEO scenarios. We think this is a valid issue, and it can be resolved by serving cell providing the ephemeris information of the target cell, from which UE can derive how the Rx timing of the target cell could drift. Also, we understand that RAN2 has already supported that one cell could broadcast ephemeris information for its neighbour cells.
It is not clear to us why K_offset and N_TA,common information for the target cell is needed for UE to perform the measurement. These information are used by a UE to facilitate the data transmission to/from the serving cell, but they seem not needed for UE to measure a target cell. 
Proposal 7: RAN4 to develop measurement requirements assuming ephemeris information of the target cell will be provided by serving cell. If UE doesn’t obtain those parameters from the serving cell, additional delay is expected.
Conclusions
In this paper we provided our views on the general issues for NTN RRM.
Proposal 1: RAN4 confirms that the maximum number of SMTCs configured per measurement object for the same ssbFrequency can be equal to 4.
Proposal 2: A sharing factor is introduced to the measurement period if UE is configured to measure multiple SMTC windows per MO. Details FFS.
Proposal 3: RAN4 to wait for further conclusions from RAN2 on MGs for defining requirements for MG based measurement. 
Proposal 4: RAN4 to discuss how to define the idle mode measurement requirements considering RAN2 agreement that exact time to start measurements can be up to UE implementation in certain cases.
Proposal 5: For Connected mode, define a common set of measurement capability requirements for all scenarios:
· define the number of carriers UE needs to monitor as 3
· define the number of SSB beams UE needs to monitor per carrier as 8
Proposal 6: For Idle mode, number of carriers UE needs to monitor should be increased to account for TN frequency layers.
Proposal 7: RAN4 to develop measurement requirements assuming ephemeris information of the target cell will be provided by serving cell. If UE doesn’t obtain those parameters from the serving cell, additional delay is expected.
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