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1  Introduction
For Rel-17, a work item for NR to support NTN (Non-Terrestrial Networks) has been approved [1] with some initial progress in RAN2. One of the primary RAN2 objectives for such enhancements is to address connected mode procedures as highlighted below:

The following control plane procedures enhancements should be specified (see TR 38.821)
· Connected mode: 
· 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].

RAN2 has made some initial agreements in RAN2#113e, 113bis-e, and related email discussions for SMTC measurement gap adaption for NTN as shown below [3]: 
R2-2102866	Report of [post113-e][108][NTN] SMTC and measurement gap
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

R2-2104372	Summary of offline 106 - [NTN] SMTC and gaps - second round
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.

Agreements online [3]:
1. Measurement gaps enhancements should be supported. FFS on the details


Based on the above agreements, the objective of this paper is to progress these agreements further and address some of the FFSs that are highlighted in the proposals, specifically some of the following related to SMTC and Measurement Gap Configuration for NTN scenarios:

2	 Discussion

2.1 Background for SMTC Measurement Gaps
In this section, we discuss background and Terrestrial Network behaviour for SSB Measurement Timing Configuration (SMTC) and Measurement Gaps (MGs). 
For NR Terrestrial Networks (TN), a UE must be able to measure neighboring cells signal strength (RSRP/RSRQ). Today, UEs are typically equipped with a single RF module due to device complexity/size and must perform all of these additional measurements along with decoding SSB data. 
To measure neighboring NTN cell SSBs, the UE must detect these SSB burst sets within various periodicities as shown in Figure 2.1-1. SSB sets occupy the 1st or 2nd half of each NR (10 ms) frame with the number of SSBs transmitted within a burst set determined by carrier frequency (4, 8, 64 SSBs). SSB Bursts are transmitted in periodicities of {ms5, ms10, ms20, ms40, ms80, ms160}.

 
Figure 2.1-1 Measurement Gaps
In Rel-16, the Figure 2.1-1 also represents the associated parameters for measurement gaps and are also represented in RRC in Figure 2.1-2. Measurement gap config may include configurations for gapFR1, gapFR2, or gapUE (FR1 and FR2). Measurement Gap Length (mgl) is the length of measurement gap in ms. Measurement gap lengths can 1.5, 3, 3.5, 4, 5.5, and 6 ms.
Measurement Gap Repetition Period (mgrp) defines the periodicity (in ms) at which measurement gap repeats. It can be configured as 20, 40, 80, and 160 ms.
Measurement Gap Timing Advance (mgta) is an offset where the UE starts the measurement mgta ms before the gap subframe occurrence occurring immediately before the measurement gap, in case the start of the SMTC window overlaps with the retuning time (RF retuning time in the 0.5 ms before and after the actual measurement window). The amount of timing advance can be 0.25 ms (FR2) or 0.5 ms (FR1).
 [image: ]
Figure 2.1-2 RRC representation for Measurement Gaps
Agreements in RAN2#113e and verified in 113bis-e, included the following: RAN2 understanding that UE shall not be forced to detect the SSB burst outside the corresponding configured SMTC window in NTN, just like the principle in TN. SMTC and measurement gap configuration in NTN are configured based on the timing of PCell.
Observation 1: The existing Rel-16 MG configurations are specifically tailored for Terrestrial Network scenarios.
Observation 2: As is the case for TN, NTN UE shall not be forced to detect the SSB burst outside the corresponding configured SMTC window, which is configured based on the timing of the PCell.

As mentioned, in TNs, SMTC measurement gap configuration is based on the timing of PCell. However, in NTN scenarios, this causes an issue since there may be a significant propagation delay difference between the serving NTN cell and neighboring NTN cell(s). 

SMTC measurement gap configurations must consider the propagation delay delta between NTN cells, otherwise the UE may miss the SSB/CSI-RS measurement window and will thus be unable to perform measurements on the configured reference signals. This problem may be present for various NTN types/scenarios, including for NGSO scenarios as large cell footprints may have significant propagation delay differences.

Following was captured in the TR 38.821 [1]: The network can compensate for propagation delay differences in the UE measurement window, e.g., via system information, or in a UE specific manner via dedicated signalling. Other solutions to this issue are not precluded.

Observation 3: Measurement gap configurations must consider the propagation delay delta between NTN cells, otherwise the UE may miss the SSB/CSI-RS measurement window and will thus be unable to perform measurements.
Observation 4: The Network can compensate for propagation delay differences in the UE measurement window, e.g., via system information, or in a UE specific manner via dedicated signalling.


2.2 NTN SMTC Measurement Gap Configuration Potential Solutions
[bookmark: _Hlk68087965]Per the agreements RAN2#113bis-e, e.g., R2-2102866	and R2-2104372, new UE assistance is defined in Rel-17 NTN for network to properly (re)configure the SMTC and/or measurement gap. And for the network to update the SMTC configuration of the UE to accommodate the different propagation delays.  Below describes several options for SMTC configuration addressing the propagation delay differences between two NTN cells (one serving, one or more neighbor cells).
Option 1:
One potential solution is to enable several SMTC measurement gap configurations for NTN-enabled UE, in the presence of one or more NTN cells and/or NTN cell types (LEO, MEO, HAPS, etc.). This could involve one or more of the following steps/criteria. The network may have a priori knowledge of UE location, coarse or otherwise, as well as the location, orbits, trajectories (satellite ephemeris) of NTN cells. With this information, the UE may receive from the network, RRC measurement configuration message(s) inclusive of MG configuration(s).
These MG configurations include timing-related parameters relative to the serving cell NTN scenario type. Additionally, potentially a number of additional MG configuration timing-related parameters relative to the propagation delay of the neighbor NTN cells as determined by one or more of the following:
i.	Satellite ephemeris data for earth-fixed or moving NTN cells and UE location (Note this may not be entirely accurate timing)
ii.	UE timing measurements (e.g., RTT)
iii.	Timing relationship between serving and neighbor NTN cells
iv.	Priority related to cell (re)selection NTN type
v.	NTN cell orbit type (e.g., LEO, MEO, GEO, HAPS). Note that the propagation delay may vary for the same NTN cell type depending on the altitude of the orbit(s), which could be significant.
vi.	Timer or time of day associated with when an NTN cell is or will be visible to the UE
The MG configurations, associated timing offsets/adjustments, may be determined/calculated by the UE or network derived/aided or both. The configuration could be specific to a UE, multiple UE in same vicinity (broadcast over SI), and/or the same frequency with a potentially larger and/or dynamic measurement window. 
Alternatively, a UE, may receive from the network, a MG offset pre-configuration to adjust/compensate for timing relationships between serving cell propagation delay and neighbor cell(s) propagation delay, differentiated by NTN cell type (see example as follows for MeasGapConfig). The MG time-related parameters specific to NTN scenarios including, but not limited to, gap offset, MG length, MG repetition period, and MG timing advance can also be derived as shown below using TS 38.331 section 6.3.2 as a baseline for potential new configuration elements (as highlighted below):
[bookmark: _Toc60777253][bookmark: _Toc60868034]–	MeasGapConfig
The IE MeasGapConfig specifies the measurement gap configuration and controls setup/release of measurement gaps.
MeasGapConfig information element
-- ASN1START
-- TAG-MEASGAPCONFIG-START

MeasGapConfig ::=                   SEQUENCE {
    gapFR2                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    ...,
    [[
    gapFR1                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    gapUE                               SetupRelease { GapConfig }
                                              OPTIONAL   -- Need M
    ]],
    [[
    gapNTNLEO-r17        SEQUENCE (SIZE (1..maxNTN-r17)) OF SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    gapNTNMEO-r17        SEQUENCE (SIZE (1..maxNTN-r17)) OF SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    gapNTNGEO-r17        SEQUENCE (SIZE (1..maxNTN-r17)) OF SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    gapNTNHAPS-r17       SEQUENCE (SIZE (1..maxNTN-r17)) OF SetupRelease { GapConfig }                                              OPTIONAL   -- Need M
    ]]

}

GapConfig ::=                       SEQUENCE {
    gapOffset                           INTEGER (0..159),
    mgl                                 ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},
    mgrp                                ENUMERATED {ms20, ms40, ms80, ms160},
    mgta                                ENUMERATED {ms0, ms0dot25, ms0dot5},
    ...,
    [[
    refServCellIndicator                ENUMERATED {pCell, pSCell, mcg-FR2}                                 OPTIONAL   -- Cond NEDCorNRDC
    ]],
    [[
    refFR2ServCellAsyncCA-r16           ServCellIndex                                                       OPTIONAL,   -- Cond AsyncCA
    mgl-r16,                            ENUMERATED {ms10, ms20}                                             OPTIONAL    -- Cond PRS
    ]],
    [[
    mgl-r17                             ENUMERATED {ms40, ms80, ...}                                             OPTIONAL,    -- Cond NTN
	gapOffsetNTN						INTEGER (-511..512)
OPTIONAL	-- Cond NTN

    ]]
}

-- TAG-MEASGAPCONFIG-STOP
-- ASN1STOP

	MeasGapConfig field descriptions

	gapFR1
Indicates measurement gap configuration that applies to FR1 only. In (NG)EN-DC, gapFR1 cannot be set up by NR RRC (i.e. only LTE RRC can configure FR1 measurement gap). In NE-DC, gapFR1 can only be set up by NR RRC (i.e. LTE RRC cannot configure FR1 gap). In NR-DC, gapFR1 can only be set up in the measConfig associated with MCG. gapFR1 can not be configured together with gapUE. The applicability of the FR1 measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapFR2
Indicates measurement gap configuration applies to FR2 only. In (NG)EN-DC or NE-DC, gapFR2 can only be set up by NR RRC (i.e. LTE RRC cannot configure FR2 gap). In NR-DC, gapFR2 can only be set up in the measConfig associated with MCG. gapFR2 cannot be configured together with gapUE. The applicability of the FR2 measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapUE
Indicates measurement gap configuration that applies to all frequencies (FR1 and FR2). In (NG)EN-DC, gapUE cannot be set up by NR RRC (i.e. only LTE RRC can configure per UE measurement gap). In NE-DC, gapUE can only be set up by NR RRC (i.e. LTE RRC cannot configure per UE gap). In NR-DC, gapUE can only be set up in the measConfig associated with MCG. If gapUE is configured, then neither gapFR1 nor gapFR2 can be configured. The applicability of the per UE measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapNTNLEO 
Indicates measurement gap configuration that applies to all frequencies (FR1 and FR2) for NTN LEO scenarios within the measConfig associated with MCG. 

	gapNTNMEO 
Indicates measurement gap configuration that applies to all frequencies (FR1 and FR2) for NTN MEO scenarios within the measConfig associated with MCG.

	gapNTNGEO 
Indicates measurement gap configuration that applies to all frequencies (FR1 and FR2) for NTN GEO scenarios within the measConfig associated with MCG.

	gapNTNHAPS 
Indicates measurement gap configuration that applies to all frequencies (FR1 and FR2) for NTN HAPS scenarios within the measConfig associated with MCG.

	gapOffset
Value gapOffset is the gap offset of the gap pattern with MGRP indicated in the field mgrp. The value range is from 0 to mgrp-1.

	mgl
Value mgl is the measurement gap length in ms of the measurement gap. The measurement gap length is according to in Table 9.1.2-1 in TS 38.133 [14]. Value ms1dot5 corresponds to 1.5 ms, ms3 corresponds to 3 ms and so on. If mgl-r16 is present, UE shall ignore the mgl (without suffix).

	mgrp
Value mgrp is measurement gap repetition period in (ms) of the measurement gap. The measurement gap repetition period is according to Table 9.1.2-1 in TS 38.133 [14].

	mgta
Value mgta is the measurement gap timing advance in ms. The applicability of the measurement gap timing advance is according to clause 9.1.2 of TS 38.133 [14]. Value ms0 corresponds to 0 ms, ms0dot25 corresponds to 0.25 ms and ms0dot5 corresponds to 0.5 ms. For FR2, the network only configures 0 ms and 0.25 ms. 

	refFR2ServCellIAsyncCA
Indicates the FR2 serving cell identifier whose SFN and subframe is used for FR2 gap calculation for this gap pattern with asynchronous CA involving FR2 carrier(s).

	refServCellIndicator
Indicates the serving cell whose SFN and subframe are used for gap calculation for this gap pattern. Value pCell corresponds to the PCell, pSCell corresponds to the PSCell, and mcg-FR2 corresponds to a serving cell on FR2 frequency in MCG.

	gapOffsetNTN
Value gapOffsetNTN is the gap timing offset of the gap pattern for NTN scenarios based on the timing on the reference cell. Values are specified in ms. [Alternatively, values may be specified as µs, number of symbols, slots]



Option 2:
Given the high speed of satellites (i.e., LEO, MEO) and shorter sub-frame length (compared to TN), the uplink and downlink timing at the UE may need to be updated very frequently. For this option, the UE can calculate the timing offset to be applied in its measurement gap of neighboring NTN cell(s). For example, based on the received information from the network (such as, Satellite ephemeris data for earth-fixed or moving NTN cells and UE location), timing relationship between serving and neighbor NTN cells, etc.), and UE measurements such as (DL timing measurements from different NTN cells, etc.), the UE calculates a timing offset to compensate the propagation delay difference between the serving NTN cell and neighboring NTN cell(s).  
Option 3:
This option is a hybrid solution of options 1 and 2 above. 
1. The UE will receive the MG Configuration as described in Option 1, and apply the received gapOffsetNTN in its measurement gap in neighbor NTN cell(s).  
2. As time goes (and propagation delay difference between serving and neighbor NTN cell changes), the UE will calculate a delta timing offset to the received gapOffsetNTN based on its calculation or measurement. It will continue to apply the delta timing offset + gapOffsetNTN in its measurement gap in neighbor NTN cell(s). The UE may also apply a delta timing offset rate over time, in other words, a change in gap offset over time as satellite orbit(s) propagation delay changes may be consistently changing over time (either held constant in the same constellation or vary in the case of a different constellation). The calculation can be the same as in Option 2. 
3. Later on, when the UE receives an updated MG Configuration as described in Option 1, it will apply the updated gapOffsetNTN in its measurement gap in neighbor NTN cell(s).  And continue to step 2.

Observation 5: Several options are presented to address issues for SMTC/MG configurations associated with propagation delay differences between two NTN cells (one serving, one or more neighbor cells).
Proposal 1: RAN2 agrees to incorporate one of the proposed options for NTN-specific SMTC Measurement Gap configurations into the running CR.


3  Conclusion
To summarize, the following observations and proposals were examined:
Observation 1: The existing Rel-16 MG configurations are specifically tailored for Terrestrial Network scenarios.
Observation 2: As is the case for TN, NTN UE shall not be forced to detect the SSB burst outside the corresponding configured SMTC window, which is configured based on the timing of the PCell.
Observation 3: Measurement gap configurations must consider the propagation delay delta between NTN cells, otherwise the UE may miss the SSB/CSI-RS measurement window and will thus be unable to perform measurements.
Observation 4: The Network can compensate for propagation delay differences in the UE measurement window, e.g., via system information, or in a UE specific manner via dedicated signalling.
Observation 5: Several options are presented to address issues for SMTC/MG configurations associated with propagation delay differences between two NTN cells (one serving, one or more neighbor cells).

Proposal 1: RAN2 agrees to incorporate one of the proposed options for NTN-specific SMTC Measurement Gap configurations into the running CR.
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--   ASN1START   --   TAG - MEASGAPCONFIG - START     MeasGapConfig ::=                    SEQUENCE   {        gapFR2                              SetupRelease { GapConfig }                                               OPTIONAL ,    --   Need M        ...,        [[        gapFR1                              SetupRelease { GapC onfig }                                               OPTIONAL ,    --   Need M        gapUE                               SetupRelease { GapConfig }                                               OPTIONAL      --   Need M        ]]     }     GapConfig ::=                        SEQUENCE   {        gapOffset                            INTEGER   (0..159),        mgl                                  ENUMERATED   {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},        mgrp                                 ENUMERATED   {ms20, ms40, ms80, ms160},        mgta                                  ENUMERATED   {ms0, ms0dot25, ms0dot5},        ...,        [[        refServCellIndicator                 ENUMERATED   {pCell, pSCell, mcg - FR2}                                  OPTIONAL     --   Cond NEDCorNRDC        ]],        [[        refFR2ServCellAsyncC A - r16       ServCellIndex                                                            OPTIONAL     --   Cond AsyncCA        ]]     }     --   TAG - MEASGAPCONFIG - STOP   --   ASN1STOP  


