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Introduction
[bookmark: _GoBack]In the RAN2 113bis-e meeting, there were some online & offline discussions on the measurement aspects, and some agreements were reached as follows:

Agreements:
1. For Rel-17 NTN, Rel-17 NR operation is enhanced (e.g. the SMTC configuration and UE measurement gap configuration) aiming to address the issues associated with the different/larger propagation delays, and the satellites (considering e.g. their deployment, mobility, height, minimum elevation and prioritizing typical NTN scenarios).
2. Rel-17 NTN will not rely only on network implementation to address the issue explained in agreement 1.
3. Enhancements of the SMTC configuration is supported for Rel-17 NTN.
4. Optional new UE assistance is defined in Rel-17 NTN for network to properly (re)configure the SMTC and/or measurement gap

Agreements - via email (from offline [106])
1. For Rel-17 NTN, one or more SMTC configuration(s) associated to one frequency can be configured. FFS solution details.
-	The SMTC configuration can be associated with a set of cells (e.g., per satellite or any other suitable set per gNB determination).
-	The multiple SMTC configurations are enabled by introducing different new offsets in addition to the legacy SMTC configuration. FFS how the offsets will be managed/signalled.
FFS the following open questions: 
	(a) can the UE be configured with multiple SMTCs per carrier and use them all in parallel?
	(b) How the NW knows which SMTC (incl. offsets/periodicity, etc.) is relevant for a particular UE? 
	(c) Is there any validity: in time or for certain location only, foreseen in such multiple SMTC configuration?
	(d) What is the potential impact on the signalling, assuming this delay is a dynamic value?
	(e) What about the feeder link delay? Is it considered anywhere?
2. The configuration of one or multiple offsets is left up to the network implementation.
3. It is up to network to update the SMTC configuration of the UE to accommodate the different propagation delays.

1. Measurement gaps enhancements should be supported. FFS on the details

Since RAN4 is still waiting for RAN2’s conclusion to progress the discussion, this contribution aims to address the remaining FFSs related to the SMTC and measurement GAP configuration left in last meeting to progress on this topic.
Discussion
Background 
[bookmark: _Hlk41985036]For NTN scenario, as shown in Fig.1,the transmission distance difference between serving and neighbor satellites may be too long(e.g. about 0~serval hundreds of kilometres for LEO and 0~serval thousands of kilometres for GEO) leading to quite large propagation delay difference. Different from the existing measurement mechanism of the terrestrial network, if the propagation delay difference is not considered in NTN, the UE will miss the SSB/CSI-RS measurement window of neighbor satellites. Therefore, in order to perform the measurement correctly in NTN system, the measurement configuration containing both SMTC and measurement gaps needs to consider the propagation delay difference information.  


Fig.1 Distance difference between two satellites
Observation 1: In NTN, both SMTC and measurement gaps configuration need consider the propagation delay difference information.
2.2 Leftover FFSs 
2.2.1 Multiple SMTCs per carrier
As agreed in RAN2#113bis-e meeting, for Rel-17 NTN, one or more SMTC configuration(s) associated to one frequency can be configured. And the first FFS is (a) can the UE be configured with multiple SMTCs per carrier and use them all in parallel? Since the propagation delay may be different from the serving cell to different neighboring cells which resulting in different offsets needed for measurement on neighboring cells, it is preferred to allow the UE be configured with multiple SMTCs per carrier and use them in parallel. 
Proposal 1: it is proposed to allow the UE be configured with multiple SMTCs per carrier and use them in parallel.

Meanwhile, it is agreed that the SMTC configuration can be associated with a set of cells (e.g., per satellite or any other suitable set per gNB determination).The multiple SMTC configurations are enabled by introducing different new offsets in addition to the legacy SMTC configuration. If proposal 1 is accepted, the current specification needs to be extended from two SMTC configuration into multiple SMTC configuration. Regarding the specific maximum number of SMTC configuration in one measurement object with the same ssbFrequency, although there will be not so much neighbor satellites, it is possible that multiple beams with different PCIs from one satellite as discussed in RAN1. Besides, considering the potential requirement of neighbor cells’ number for NR positioning, the specific maximum number can be 3 or 4.
Observation 2: Although there will be not so much neighbor satellites, it is possible that multiple beams with different PCIs from one satellite as discussed in RAN1. Besides, considering the potential requirement for NR positioning, the current 2 SMTC configuration is not enough.

Proposal 2: it is proposed that the specific maximum number of SMTC configuration in one measurement object with the same ssbFrequency can be 3 or 4.
2.2.2 Alignment on the usage of specific SMTC between gNB and UE
The second FFS is (b) How the NW knows which SMTC (incl. offsets/periodicity, etc.) is relevant for a particular UE? Another relevant FFS is (d) what is the potential impact on the signalling, assuming this delay is a dynamic value?
To address this issue, there are two possible approaches for appropriate SMTC/GAP configuration acquisition in NTN, namely NW-based SMTC/GAP configuration scheme or UE-based SMTC/GAP selection scheme. 
For NW-based SMTC/GAP Configuration scheme, the final SMTC/measurement gap configuration is generated and provided by NW, based on the propagation delay difference between at least one target cell and the serving cell of a given UE. And network can derive the propagation delay difference between at least one target cell and the serving cell according to the ephemeris and/or UE reported information like propagation delay or UE location, etc., which is similar to the traditional procedure of UE requesting something from the NW, and the serving cell correspondingly provided proper measurement configuration to the UE taking the UE reported information into account. 
Regarding the RTT delay, the reporting granularity of the propagation delay could be a specific delay or a step range (e.g. 10ms or 100ms as a step). For the step range reporting granularity, the NW configured same measurement configuration to UEs that report the propagation delay difference information belonging to the same delay step range (for example, corresponding to the maximum value of the propagation delay difference reported by the UEs).
Proposal 3: RAN2 can regard NW-based SMTC/GAP configuration scheme as baseline, i.e., the serving cell provided proper measurement configuration to the UE according to the ephemeris and/or UE reported information like UE location or propagation delay etc. 
Proposal 4: Considering the RTT delay, the reporting granularity of the propagation delay could be a specific delay or a step range.

Instead, in UE-based SMTC/GAP selection scheme, in general, the final SMTC/measurement gap configuration is determined by UE. For example, the NW configures the UE with multiple SMTC/measurement gap configurations corresponding to the delay difference between different target cell and the serving cell. The UE calculates the propagation delay difference between at least one target cell and the serving cell according to its own location information and satellite ephemeris information, selecting the most suitable measurement configuration to reach the neighbor cell’s SSBs according to the UE-calculated propagation delay difference. As a prerequisite, the mapping relationship between propagation delay difference and measurement configuration should be known by both UE and NW. 
In order for the UE and the NW to have a consistent understanding, the UE needs to report the selected SMTC/measurement gap configuration to the NW. Then, the NW and the UE have an alignment at any time and reduce the report signaling overhead by the UE.
Proposal 5: We suggest RAN2 consider UE-based SMTC/GAP Selection Scheme, the NW configures a UE with multiple SMTC/measurement gap configurations corresponding to different propagation delay information, and the UE select an appropriate measurement configuration matching the UE-calculated propagation delay difference.

Proposal 6: It is proposed that in the UE-based SMTC/GAP Selection Scheme approach, the UE needs explicitly or implicitly report the selected SMTC/measurement gap configuration to the NW to guarantee an alignment between the NW and the UE.

2.2.3 Time validity information
Another leftover FFS is (c) is there any validity: in time or for certain location only, foreseen in such multiple SMTC configuration?
In NR NTN, the variation of propagation delays over time inherent to the satellites’ moving, which requires the SMTC windows needs to be adjusted accordingly. In order to improve measurement robustness, the validity of the measurement configuration needs to be considered due to the long delay and the high-speed movement of the satellite. For instance, timer-based or threshold-based solution could be discussed, especially in the NW-based SMTC/GAP Configuration scheme. For timer-based solution, the criteria could be that once the timer expires, the measurement configuration needs to be refreshed with a pre-configured drift rate or a relative value. And the value range of the timer can be determined according to remaining serving time of the current cell. For threshold-based solution, for example, if the distance between the UE and the satellite or the distance between the UE and the cell center exceeds a given threshold, the measurement configuration needs to be refreshed with a pre-configured drift rate or a relative value.  
Observation 3: In order to improve measurement robustness, the validity of the measurement configuration needs to be considered due to the long delay and the high-speed movement of the satellite. And timer-based or threshold-based solution could be discussed.
Proposal 7: In case of NW-based SMTC/GAP Configuration scheme, a timer or a location threshold with a pre-configured drift rate or a relative value is needed to enable the UE can timely refresh the SMTC or GAP configuration to compensate the delay variation from the satellite’s moving.
Conclusion
Based on the discussions mentioned above, in this contribution we provide some further discussions on the measurement enhancements for NTN and have the following observation and proposals:
Observation 1: In NTN, both SMTC and measurement gaps configuration need consider the propagation delay difference information.
Proposal 1: it is proposed to allow the UE be configured with multiple SMTCs per carrier and use them all in parallel.

Observation 2: Although there will be not so much neighbor satellites, it is possible that multiple beams with different PCIs from one satellite as discussed in RAN1. Besides, considering the potential requirement for NR positioning, the current 2 SMTC configuration is not enough.
Proposal 2: it is proposed that the specific maximum number of SMTC configuration in one measurement object with the same ssbFrequency can be 3 or 4.
Proposal 3: RAN2 can regard NW-based SMTC/GAP Configuration scheme as baseline, i.e., the serving cell provided proper measurement configuration to the UE according the reported propagation delay information by the UE. 
Proposal 4: Considering the RTT delay, the reporting granularity of the propagation delay could be a specific delay or a step range.

Proposal 5: We suggest RAN2 consider UE-based SMTC/GAP Selection Scheme, the NW configures a UE with multiple SMTC/measurement gap configurations corresponding to different propagation delay information, and the UE select an appropriate measurement configuration matching the UE-calculated propagation delay difference.
Proposal 6: It is proposed that in the UE-based SMTC/GAP Selection Scheme approach, the UE needs explicitly or implicitly report the selected SMTC/measurement gap configuration to the NW to guarantee an alignment between the NW and the UE.

Observation 3: In order to improve measurement robustness, the validity of the measurement configuration needs to be considered due to the long delay and the high-speed movement of the satellite. And timer-based or threshold-based solution could be discussed.
Proposal 7: In case of NW-based SMTC/GAP Configuration scheme, a timer or a location threshold with a pre-configured drift rate or a relative value is needed to enable the UE can timely refresh the SMTC or GAP configuration to compensate the delay variation from the satellite’s moving.

Reference
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