3GPP TSG RAN WG2#111-e                                	R2-2007955
e-Meeting, August 17th – 28th, 2020	
	
Source: 	Asia Pacific Telecom
Title: 	Discussion on delay difference on measurements for NTN
Agenda item:	8.10.3.2
Document for:	Discussion and Decision
Introduction
In RAN#88-e, RP-201256 was approved as Revised WID: Solutions for NR to support non-terrestrial networks for Rel-17. The following control plane procedures enhancements were highlighted in the document.
	3GPP TSG RAN meeting #88-e, RP-201256 
The following control plane procedures enhancements should be specified (see TR 38.821)
· Idle mode: 
· Definition of additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information)
· Definition of NTN (satellite/HAPS) cell specific information in SIB
· Connected mode
· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.
· [bookmark: _Hlk47688849][bookmark: _Hlk47691215]Enhancement to existing measurement configurations to address absolute propagation delay difference between satellites (e.g. SMTC measurement gap adaptation to the SSB/CSI-RS measurement window) [RAN2/4].


In this t-doc, we address the issue on SMTC measurement gap adaptation to the SSB/CSI-RS measurement window.
Discussion
Propagation delay difference on measurements
For the SMTC issue, more details can be found in the TR 38.821, shown below.
	3GPP TR 38.821 V16.0.0 (2019-12)
7.3.2.1.7 Impact of Propagation Delay Difference on Measurements
Consider a UE served by a LEO satellite S1, however also within coverage of an incoming LEO satellite S2. The UE should perform measurements of the neighbouring cells originating from S2 for mobility purposes based on the measurement configuration provided to the UE, however the propagation delay difference from the UE to satellite S1 and the UE to satellite S2 may vary significantly.
If the SMTC measurement gap configuration does not consider the propagation delay difference, the UE may miss the SSB/CSI-RS measurement window and will thus be unable to perform measurements on the configured reference signals. This challenge is captured for both GEO and LEO scenarios, and is to be addressed with priority for LEO scenarios.
FFS: The scale of this problem in GEO given the stationary nature of GEO satellites


This issue may happen for both intra-gNB mobility and inter-gNB mobility.
For intra-gNB mobility, a serving satellite between a gNB and a UE may change from time to time, but the gNB and the UE may stay the same. This scenario is shown in Figure 1 where satellite 1 will handover to satellite 2 with the same gNB and UE. In this case, the gNB may not have propagation delay information between the UE and the target satellite, thus proper smtc1 configuration and correct handover decision may be an issue.  
[image: ]
[bookmark: _Ref47690049]Figure 1: Intra-gNB mobility with satellite handover
For inter-gNB mobility shown in Figure 2, since the target gNB may not have propagation delay information between the UE and the target satellite, proper smtc configuration and correct handover decision may be an issue.  
[image: ]
[bookmark: _Ref46396263]Figure 2: Inter-gNB mobility with satellite handover
When the propagation delay between the UE and the target satellite is unknown, following Rel-16 NR specifications, NW may try to configure the maximum smtc window duration of 5 subframes, e.g., 5 milliseconds for SCS 15kHz, however, it may still fail with a high chance due to large propagation delay difference between satellites.   
Figure 3 gives an example when NW configures the maximum smtc duration of 5 subframes. Assume LEO satellite S1 connects a serving gNB1 and LEO satellite S2 connects to a target gNB2. If delay difference between S1 and S2 is small, this configuration provides a proper smtc window for UE to measure SSBs from gNB2, however, due to the large delay difference caused by the satellites, e.g., 7 ms for gNB1-UE and 10 ms for gNB2-UE in our example, the UE might not receive the SSB from gNB2 in the configured smtc window.
[image: ]
[bookmark: _Ref46928855][bookmark: _Ref46928850]Figure 3: Propagation delay difference on smtc misalignment
Note that according to Rel-16 NR, when SSBs are outside smtc occasions, UE in RRC_CONNECTED shall not measure them, except for SFTD measurement. The related context in the specifications is given below:
	3GPP TS 38.331 V16.1.0 (2020-07)
On the indicated ssbFrequency, the UE shall not consider SS/PBCH block transmission in subframes outside the smtc occasion for RRM measurements based on SS/PBCH blocks and for RRM measurements based on CSI-RS except for SFTD measurement (see TS 38.133 [14], subclause 9.3.8).


To handle this, if NW has UE location information and maintains this information regularly, the delay difference might be calculated and compensated at the NW side. In this case, UE location reporting and inter-node UE location exchange may be mandatory. Otherwise, if NW has no UE location or UE cannot report location, NW may only rely on triggering SFTD measurement to support SSB measurement outside smtc based on Rel-16 NR.
[bookmark: _Toc47693130]To address propagation delay difference between satellites, enhancement on SFTD measurement shall be considered in Rel-17 NTN.
Number of smtc windows
In Rel-16 NR, there are three smtc windows, two for eMBB and one for IAB service. For eMBB service, the main features of Rel-16 smtc are like the Rel-15 smtc design, summarized in Table 1.
Table 2: Summary of Rel-15 smtc design
	Number of smtc windows
	· 2 for intra-frequency 
· 1 for inter-frequency 

	Frequency domain configuration 
	· Centre frequency is flexibly configured via ssbFrequency

	Time domain configuration
	Periodicity of smtc window
	· Configured via periodicityAndOffset for smtc1 and periodicity for smtc2.
· smtc1: in {5, 10, 20, 40, 80, 160} msec.
· smtc2: in {5, 10, 20, 40, 80} msec.

	
	Offset of smtc window 
	· Configured via periodicityAndOffset.
· Same value for both smtc1 and smtc2. 
· Can be flexibly configured at subframe granularity. 

	
	Duration of smtc window
	· Configured via duration.
· Same value for both smtc1 and smtc2. 
· Can be configured as {1,2,3,4,5} subframes.

	
	SSB locations
	· Must follow the SS burst set pattern. 
· Index of SSBs to measure can optionally be configured via parameter ssb-ToMeasure. (same configuration for both smtc1 and smtc2)

	List of PCIs
	· For smtc2, pci-List can be configured to indicate the list of associated PCIs. 


To allow NTN cells from different satellites to be discovered or measured by a UE, the corresponding SSBs should be at least partially within smtc windows configured to the UE. Limiting the number of smtc windows to 1 or 2 would require all SSB from neighbouring NTN cells to be transmitted within these 1 or 2 windows and hence it would be impossible to achieve due to large propagation delay differences caused by satellites. 
[bookmark: _Toc47693127]The maximum number of smtc windows in Rel-16 NR may not support SSB measurement caused by propagation delay difference between satellites.
Another limitation of the Rel-15 design is that some parameters, like smtc window offset and duration and indices of SSBs to be measured, are commonly configured for both smtc1 and smtc2. It is important to have enough flexibility of configuring multiple smtc windows, e.g., the ability to configure multiple measurement windows (with different offsets) within the same period may be necessary for efficient operation. Hence, the proposal to increase the maximum number of smtc windows may handle this need.
[bookmark: _Toc47693131]To increase the maximum number of smtc windows that can be configured per frequency to a value greater than 2 shall be considered in Rel-17 NTN.
Conclusion
In this contribution, we have the following observations
Observation 1	The maximum number of smtc windows in Rel-16 NR may not support SSB measurement caused by propagation delay difference between satellites.
Based on these observations, we have the following proposals
Proposal 1	To address propagation delay difference between satellites, enhancement on SFTD measurement shall be considered in Rel-17 NTN.
Proposal 2	To increase the maximum number of smtc windows that can be configured per frequency to a value greater than 2 shall be considered in Rel-17 NTN.
Reference
[bookmark: _Ref9595909][bookmark: _Ref16874156]3GPP TR 38.821 V16.0.0, Solutions for NR to support non-terrestrial networks, December 2019.
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