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[bookmark: _Hlk510705081]At RAN #86 in December 2019 a work item for NTN was agreed (RP-193234,[1]). The normative activities include development of specifications for transparent payload-based LEO. In this document we discuss aspects related to DL-UL timing relations for NTN operation of NR. During RAN1#106-e this topic was discussed, and the following agreements and decisions were reached:
Agreement: 
· The UE-specific K_offset can be provided and updated by network with MAC CE.
· FFS: UE can be provided and updated by network with a UE-specific K_offset in RRC reconfiguration
· FFS: Details on whether and how the two solutions work together

Agreement:
For random access procedure initiated by a PDCCH order received in downlink slot , UE determines the next available PRACH occasion after uplink slot  to transmit the ordered PRACH.
· Note: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  , where  is assumed for PDCCH ordered PRACH.
· FFS: Which value of  should be applied
· FFS: Whether the  timing relationship is impacted by UE behavior within or after the validity duration.

Agreement:
The unit of K_offset is number of slots for a given subcarrier spacing.
· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.

Agreement:
The information of K_mac is carried in system information.

Agreement:
The unit of K_mac is number of slots for a given subcarrier spacing.
· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.

Agreement:
In the estimate of UE-gNB RTT, which is equal to the sum of UE’s TA and K_mac, for delaying the starts of ra-ResponseWindow and msgB-ResponseWindow, the UE’s TA is equal to  with .

Agreement:
For defining value range(s) of K_offset, down-select one option from below:
· Option 1: One value range of K_offset covering all scenarios.
· Option 2: Different value ranges of K_offset for different scenarios.

Discussion
On the K_offset Range dependency with the type of orbit
One of the items left FFS in the set of agreements from the previous meeting was how to deal with different ranges required for the K_offset signalling required for LEO, MEO and GEO satellites. While the delays in LEO vary from 2 to 40 ms, they can range up to 500 ms for GEO. 
In SA2, there were agreements specifying that the different orbital levels may be treated as different RATs from the core network point of view – as they all may have their own specificities. So says section 5.4.10 in TS 23.501 [2]:
“The AMF determines the RAT Type for NR satellite access, i.e. NR(LEO), NR(MEO), NR(GEO) and NR(OTHERSAT). When the UE is accessing NR using satellite access, an indication is provided in N2 interface indicating the type of NR satellite access, as defined in TS 38.413.”
Observation 1: It has been agreed on SA2 that LEO, MEO and GEO are different RATs from the core network point of view. 
As the different orbital levels may be seen as different RATs from the core network point of view, it may also be useful for the UE to be aware of this difference. This can be used, for example, to use the inter-RAT HO settings in the future for performing handover between the different type of orbits (effectively between different RAT types).
Proposal 1: UE must be aware of the type of orbit (LEO, MEO, GEO) for RAT type identification.
Observation 2: Awaraness of different orbital types may be used for enabling inter-RAT mobility or RAT mobility restrictions.
In order to provide awaraness at the UE side of the orbital type, we propose the gNB broadcasts this information.  
Proposal 2: gNodeB to broadcast the NTN RAT types: NR(LEO), NR(MEO), NR(GEO) and NR(OTHERSAT).
Proposal 3: Consider if the reserved NR(OTHERSAT) Type indication should be used for HAPS.
Proposal 4: Further study the impact of NG-RAT type signalling for terrestrial UEs.
Although the altitude of the orbit, as read from the ephemeris, may be used to implicitly determine the type of orbit, the operation can be made smoother, if this is explicitly assigned. For example, SIB1 and the NTN SIB may have different periodicities. Moreover, the satellite ephemeris obtained through the NTN SIB (if agreed and implemented) will likely become available only after the UE has read SIB1 and subsequent reading of the relevant SIBs. If the information is provided explicitly in SIB1, the UE may be aware of the RAT type (for example, for measurements) without the need to further acquire more SIs. This has the advantage to save UE power. 
Proposal 5: Broadcast the NTN related RAT type in SIB1.
Table 1 shows the maximum differential round trip time delay for the different orbital types using the most critical settings as provided in 38.821 [5]: regenerative at Nadir for minimum delay calculation and transparent at 10 degrees of elevation for maximum delay estimation. The table also shows the total number of slots corresponding to such delay range for the largest SCS available in both FR1 and FR2.    

[bookmark: _Ref83640767]Table 1. Maximum differential Round Trip Time Delay for the different orbital types
	Orbital type
(km range)
	Minimum Delay to Earth (regenerative) [ms]
	Maximum Delay to Earth (Transparent) [ms]
	Maximum differential delay in the orbit [ms]
	Equivalent range size in number of 30 kHz slots
	Equivalent range size in number of 120 kHz slots

	LEO 
(300-1500 km)
	2
	48.6
	46.6
	94
	372.8

	MEO
(7000 – 25000)
	46.7
	395.1
	348.4
	697
	2788

	GEO
(35786)
	238.6
	541.1
	302.5
	606
	2421



Based on Table 1, it is possible to estimate the number of bits needed for the indication of K_offset in both FR1 and FR2 (12 bits in the worst case, i.e., MEO and GEO at 120 kHz). And based on this table we propose that NTN SIB provides the K_offset indication as follows:
Proposal 6: The K_offset indication in SI is compound by a “baseline” value and an offset value. The baseline corresponds to the minimum round trip time delay and can be hard-coded in specifications for each Satellite Access Type NR(LEO, MEO, GEO), while the baseline and offset values are left unspecified for NR(OTHERSAT).
Proposal 7: For the offset part of the K_offset indication in SI the following options are proposed:
· Use 12 bits for the offset part in all cases (agnostic to FR and satellite type).
· Use 10 bits for the offset part in FR1 and 12 bits for the offset in FR2. 
· Use 9 bits for LEO and 12 bits for MEO and GEO. 

 On the K_offset indication relative to SCS 
The K_offset range may be signalled in slot units. However, there will still be ambiguity left to be addressed by RAN 1 in what concerns the SCS and the slot indication. In NR specifiations, the SCS and the slot duration are strictly coupled to each other. Moreover, the SCS used in different BWPs may not be the same, as well as the SCS used in DL and UL or for the RACH preamble transmission. There are many combinations possible. As K_offset is a synchronization parameter, it has to be understood in the same manner by both, UE and gNB, therefore, both ends need to know the SCS relative to the said indication. In order to address this potential ambiguity it is crucial that there is no doubt on which slot size to use as reference at any time, we propose: 
Proposal 8: For the indication of K_offset, we propose to specify that the indication – in terms of slot units - always is relatively to the largest SCS available in the frequency range:
· 30 kHz for FR1.
· 120 kHz for FR2.

The reason for indicating the maximum, is to enable the largest granularity possible for the indication and maximum value indication flexibility for both the gNb and the UE. 
Proposal 9: The UE, when applying K_offset to its transmission must convert the signalled K_offset value to a corresponding K_offset according to the SCS used in the UL transmission on that BWP. 
Proposal 10: When converting K_offset to a smaller SCS, the resulting K_offset should be rounded the nearest larger integer.
Proposal 11: The same agreements used for K_offset should be extended for K_mac, i.e., indication relative to the SCS in the frequency band and the type of satellite.

UE specific K_offset updates: MAC-CE vs RRC
For GEO satellites, updates in K_offset may rarely be required, as the coverage area on the ground is virtually unchanged over time. For UE-specific K_offset, the mobility of the UE is the main driving factor for K_offset updates. This can be evaluated assuming a very extreme scenario, where a UE travels at 1000 km/h, close to the edge of the coverage area, and the adoption of 120 kHz SCS in FR2. The slot duration in this scenario is 0.125ms, whereas the doubled variation of the delay is approximately 1.85 us/sec. This means that more than a minute is required for twice the delay variation to exceed a slot duration. Even if the UE specific K_offset is designed with minimum operational margin, in an extreme scenario, the update rate required for K_offset is no faster than once every minute. In most practical scenarios, the update rate will be much slower. For extreme scenarios, more conservative UE specific K_offsets may be set. 
Observation 3: For a GEO scenario, updates in cell-specific K_offset are very rare; whereas updates in UE specific K_offset is very infrequent (once every minute for extreme scenarios, with minimum design margin). 
For LEO applications, the delay variation is mostly caused by the satellite mobility which drives the round trip time to vary for all UEs within reach of the coverage area. In the worst case, i.e. close to the cell edge, for a LEO satellite at 600 km, the variation of the delay is expected to be approximately 93 us/s [5] in the transparent architecture. 
Table 2 Delay variation for different subcarrier spacing configurations.
	Delay variation (2x)
	SCS [kHz]
	Slot Duration [ms]
	Time for 2xDelay variation to exceed  slot duration (worst-case) [s]

	

+/- 186.0 µs/sec
	15
	1
	5.4

	
	30
	0.5
	2.7

	
	60
	0.25
	1.34

	
	120
	0.125
	0.67



Observation 4: For a K_offset set with minimum accuracy, i.e., 1 slot, for a LEO satellite at 600 kms, in the worst case (transparent architecture, cell edge), K_offset update is required once every [0.7 5.4] s, depending on the SCS.
At the largest the SCS, the more conservative needs to be the setting of the K_offset, in order to minimize the update rate. For UE-specific K_offset, which tends to be optimized for the UE in relation to the full cell K_offset, more frequent updates will be required. 
Because of the potential relative frequent update rates for the K_offset value, it is important to convey it in an efficient manner, such as the MAC-CE updates. Moreover, there are advantages for choosing the MAC-CE over RRC. The first advantage is that MAC-CE has a definite timing for applying the settings that is commonly understood between gNB and UE, which is not the case for RRC reconfigurations. As such, during the RRC transition period, the gNB must resort to fallback DCIs, that will be frequently be in use for NTN UEs. Moreover, RRC messages may convey several parameters. If, by any reason, one of the parameters cannot be set by the UE, all the RRC configuration is to be ignored. 
Observation 5: The usage of MAC-CE over RRC for K_offset updates provide several advantages, such as in-sync transitions in time for the new configuration, less prone to errors in configurations, and more efficient in terms of overhead.
Proposal 12: RAN1 to adopt MAC-CE as the only mechanism for UE specific K_offset update. 

UE specific K_offset updates via MAC-CE
There are two ways to indicate the UE specific in MAC-CE updates. The first is to use differential offset indication. In this case the UE specific K_offset is read from MAC-CE as a differential value to be applied over either the current K_offset or the cell-speficic K_offset. 
The disadvantage to specify a differential value over the current MAC-CE is that, if the UE misses one MAC-CE update, or if it loses track of time, the connection has to be re-initiated via a new RACH procedure, as it cannot be recovered, unless the UE leaves the “UE-specific” offset state. In what concerns the speficiation of differential indication over the cell common K_offset, there is the disadvantage of the UE in connected mode to keep track of the SI modifications for K_offset, which is one of the advantages of the UE_speficic K_offset. 
Observation 6: The differential indication of the K_offset in relation to the previous K_offset may cause the UE to require a new RACH if one MAC-CE command is not received properly, as there is no way to recover the UE specific K_offset. 
Observation 7: The differential indication of the K_offset in relation to the common K_offset presents the disadvantage that the UE will be required to keep track of SI modifications on common K_offset while in connected mode.
Proposal 13: The MAC-CE containing the K_offset update provides an absolute update for the K_offset value. The range of the indicated values are the same as in SIB.
Proposal 14: The MAC-CE containing the K_offset update is made by 2 Octets (total of 16 bits), where 12 bits are used for providing the absolute K_offset value, as exemplified in Figure 1.
[image: ]
Figure 1. Example of MAC-CE indication for K_offset update

On Common K_offset timing updates.
It has been agreed that the value of K_offset may be updated for UEs in connected mode, in both cases, UE specific K_offset. If the MAC-CE option is adopted for the update of UE specific K_offset, the timing relationships for both UE and gNB are matched across the whole connection. However, there is still no agreements for the update timings of K_offset on the UE (in connected mode) after an update on Cell Common K_offset is performed. After the SI is updated it is still to be defined at which slot number the UE is expected to have updated the K_offset.
Proposal 15: RAN 1 to provide a solution for the K_offset update timing for UEs in connected mode after SI updates. 
As an alternative solution, and also as mean to minimize the requirements for a UE in connected mode to re-acquire SI constantly, the gNB may be responsible to update via a MAC-CE, the K_offset of all connected UEs, regardless of the common K_offset update timing. 
Proposal 16: As an alternative for common k_offset timing updates, the gNB may be responsible to update, via MAC-CE, the common K_offset for all UEs in connected mode, in order to minimize specifications about timing understanding and requirements for SI acquisition.  

Early indication of UE specific K_offset (Msg 2) 
Another FFS opened in RAN 1 #105 was how to update the agreements, in the case the beam-specific K_offset is agreed to be used. 
Observation 8: There are drawbacks to the adoption of K_offset at beam level, to be considered, as listed:
1) Fallback DCIs and beam management/beam mobility 
2) Random Access opportunities shared by multiple beams
3) Inneficient overhead

These items are further explained as follows. First and foremost, the K_offset broadcast on SI is not only used in the initial access, as many companies agreed in the previous meeting, there are other usages for the UE agnostic offset. As an additional example, in this document we argued in favor of the Cell Specific K_offset for fallback DCI for a UE in connected mode. If the beam-specific model is adopted, instead of the cell-specific, some ambiguity may ensue. The procedures for beam management and beam mobility are not specifically designed that they can avoid ambiguity. For example, the UE is responsible to measure reference signals and send feedback to the network. But it is uncertain at what point both nodes have the common understanding of a switch in the DL beam, which can create ambiguity in what beam should be considered by the UE to read the beam-specific value from. 
Also, for number 2) in our list of drwbacks to consider, the management of RA opportunities will become increasingly complex if beam-specific K_offset is adopted. The specifications allow that the same RA occasions are commonly shared across multiple beams. But there is a predetermined logic that assign beams indexes and RA occasions. If the beam-specific k_offset is used, in order to avoid that two UEs attempting the same RA occasion have different understanding of k_offset when submitting Msg3, there may not be UEs with different K_offset assigned to the same RA occasion. This restriction makes it increasingly more difficult to manage RACH occasions and beam assignment.
For the overhead caused by the beam-level assignement of K_offsets, even if extreme scenarios are considered, there is a significant amount of redundancy for K_offset across multiple beams:  assuming a very large coverage area of approximately 1700 km diameter for a satellite at a height of 600 km with the smallest slot duration, i.e., the SCS of 120 kHz, is covered by only one cell with multiple beams, and using a very extreme design, at most 13 values of offset are needed to cover such area. It means that in a list of potentially 64 beams, there will be significant repetition of same K_offset across multiple beams [3]. 
Proposal 17: For initial access, only cell-specific K_offset is provided.
K_offset Signalling
With respect to the signalling of K_offset, during the FL discussions in the previous meeting, two options were presented: 
· Option 1: Signal one offset value for K_offset	
· Option 2: Signal a first offset value and a second offset value. K_offset is equal to the sum of the two offset values
For both options, we agree with the rapporteur observations on this topic which was presented in the feature lead summary and repeated here for convenience:
· The signaling overhead saving in Option 2 vs. Option 1 is only about 1 bit.
· The ~1-bit saving might appear free, but comes at the cost of many disadvantages (more complexity for UE, more specification impact, more sources of inaccuracies, scheduling restriction, etc.)
Therefore we propose:
Proposal 18: RAN 1 to adopt one single offset value for K_offset to be signaled. 
As an alternative, that do not present the same drawbacks from the case above, there is a intermediate solution where the gNB may be able to signal or indicate an early update for the UE-specific K_offset, while the cell-specific K_offset is indicated through the SI. The value of K_offset that the UE should apply may be provided during the random access procedure. That is, by using the information content in Msg2 (the Random Access Response) to indicate which K_offset to apply for the transmission of Msg3 during the random access procedure. According to Section 6.2 in [4], the Random Access response is formed by 7 octets as depicted in Figure 2. This is a succinct format which does not contain any space left for additional signaling.
Therefore, in order to be able to indicate the K_offset to use for Msg3 transmission, we would most likely have to apply implicit signaling of the K_offset value using the existing fields. As the timing advance command is intended for compensation of the time misalignment, this cannot be utilized for additional indication related to K_offset. However, there are other fields that are under the gNB control and may potentially be used for this purpose:
a) Option A: the frequency allocation in the UL grant 
b) Option B: the time allocation in the UL grant
c) Option C: the temporary C-RNTI.  

[image: ]
Figure 2. Random Access Response content [5]
The frequency allocation in the UL grant is defined by 14 bits and follows the procedure described in clause 6 in [6]. The 14 bits are mapped into a RIV (resource indication value), a unique number that defines the starting resource block () and the length of the allocation (). To maintain the RAR format constant, regardless of the bandwidth, the 14 bits are kept for all bandwidth sizes. 
The frequency allocation for the RAR may be used to convey a differential K_offset, if the system bandwidth is split into parts associated with different frequency offsets. For example, consider a scenario, where the K range has to be expanded to allow up to 6 slots of K_offset. One way to achieve that is to assign a different offset for different  positions, as depicted in Figure 3. In this example:
· K_offset 1 = 0 slot
· K_offset 2 = 1 slot
· K_offset 3 = 2 slots on;

[image: ]
Figure 3 Example of Frequency Domain Assignment of TA offsets.

By knowing the position of the  the UE can thereby directly determine the K_offset to be applied in addition to the K_offset in the SIB, providing more flexibility to the user. Thus, it is the  which implicitly defines the K_offset.
Conversely, a similar proposal may be made for the time allocation information which is present in the RAR. 
Observation 9: Providing K_offset in the frequency (or time) domain allocation provided in the UL Grant of the RAR message require small signalling overhead in SIB: number of partitions and offset between consecutive partition in number of slots. 
Observation 10: Providing K_offset in the frequency (or time) domain allocation allows for much more flexibility than Beam Level allocation, as it can be UE-specific already from Msg3 in the Random-Access Procedure.
Proposal 19: RAN 1 to consider implicit signalling of differential K_offset in the time/frequency values of the UL scheduling in the RAR as an alternative to explicit NR-beam level signalling in the SI.
Another possibility is to convey a differential K_offset implicit in the Temporary C-RNTI. The temporary C-RNTI, assigned by the RAR, can assume hexadecimal values in the 0001–FFEF ([5] Table 7.1-1). It is possible to define subsets of this range of values to different K_offsets. 
Proposal 20: RAN 1 to consider implicit signalling of differential K_offset in the temporary C-RNTI in RAR as an alternative to explicit NR-beam level signalling in the SI.

UE TA Reporting
In order to be able to update the UE-specific K_offset, the gNb will need assistance from the UE. As it is important to identify the delay variation observed by this UE (because of UE, satellite, and gNB movements) in time to prevent failures due to a too-short “time-to-react” to uplink commands. The main metric that can be used to assist the gNb is the timing advance (TA).
However, there are certain caveats to using direct TA reporting by the UE. 1) The TA applied at the UE varies constantly, which can lead to a burst of reporting by the UEs. 2) Following UEs specific TAs for very long periods and through multiple orbits may lead to disclosing the UE position – especially for stationary devices. Therefore, a rough TA reporting is preferred. 
There are alternatives for UE TA reporting that can both minimize the K_offset overhead, such as UE rough reporting of TA or trigger based reporting. 
Proposal 21: RAN 1 to consider alternatives to minimize the TA reporting.
In any case, we support coarse location reporting by the UE. Together with the satellites ephemeris information available in network, the location provides the network side with the information required to estimate the UE K_offset, which is exactly same as the information used by UE for TA estimation. Moreover, it can be used to a great extent, to provide future updates in the K_offset range, as the variation of the delay has to be comparable to – at least – the duration of one slot to entice K_offset updates. Considering in most NTN applications, the delay variation is mostly caused by the satellite movement, and not the UE movement, using coarse UE location for K_offset estimation will not only trigger less reporting than “delay triggers” at the UE side but also provide more accurate K_offset since network can continuously estimate it without any Uu interface signalling overhead. Furthermore, RAN2-115 meeting agreed that, network can obtain a GNSS-based location information from the UE after AS security is established (It is up to SA3 to decide whether User Consent is required before NW acquires location information from the UE in NTN) and network can also configure UE report location for TA reporting purpose, which means reporting UE location to network is acceptable in RAN2.  
Proposal 22: RAN 1 to consider location reporting by the UE side to minimize overhead. 

PDCCH Ordered RACH
Following up discussions initiated on last meeting, we believe all RACH triggers must be available for NTN, including PDCCH ordered RACH. In the specifications, there are multiple reasons to trigger a PDCCH ordered RACH, including loss of synchronizations and beam recovery. Especially, the loss of synchronization status may be reached when the Time Alignment Timer expires.  
In this case, the network is not able to guarantee there is a common understand of timing between UE and gNB. If the TA estimation by the gNB is not the same as current observed by the UE, the “next available RACH opportunity” may not be the same. Therefore, and also for safeguarding for processing times, the common K_offset should also be considered for PDCCH ordered RACH. Moreover, we see no downside in implementing the common K_offset for the PDCCH ordered RACH. 
Proposal 23: The common K_offset value shall be used also for the PDCCH ordered RACH.

Beam failure recovery and K_offset 
The procedure for beam failure recovery is depicted in Figure 3. In this diagram, there are two points marked in red (points A and B), which are impacted by the delays observed in NTN. As proposed by the rapporteur on the feature lead summary, this topics need further investigation in this RAN 1 meeting. 
As a matter of principle, RAN1 should provide the minimal specification changes in order to enable the different procedures for NTN. The functionalities and procedural flow of the different mechanisms should be kept in a general manner. With this in mind, we analyze the impacts on point A and point B:
Point A: Starts Monitoring PDCCH
The beam failure recovery specification states 
“For PRACH transmission in slot [image: ] and according to antenna port quasi co-location parameters associated with periodic CSI-RS resource configuration or with SS/PBCH block associated with index [image: ] provided by higher layers [11, TS 38.321], the UE monitors PDCCH in a search space set provided by recoverySearchSpaceId for detection of a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI starting from slot [image: ] within a window configured by BeamFailureRecoveryConfig.”.
This specification was made in view of the terrestrial networks use case. For TN, there is no significant time misalignment between UL and DL. So the monitoring starting in (DL) slot n+4, after transmission in (UL) slot n, indicates there is an interval of about 4 slots to be considered for processing plus eventual delays observed in TN PHY. In NTN, due to the much larger delays, the monitoring in DL may start – ans even end – before the PRACH arrives at the gNB. In order to keep the consistency, with the original intent of the feature, the NTN large RTT must be considered. Moreover, in certain cases (MEO, GEO) the total RTT delay may exceed the maximum configurable time for the BFR window (200 ms).
Proposal 24: For beam failure recovery, the monitoring window for the PDCCH after the PRACH transmission must be postponed.
Proposal 25: The postponement used for the PDCCH monitoring window is equal to the postponement used for the RA-responseWindow as agreed by RAN1 previously.   
Point B: PUCCH transmission. 
For the UE PUCCH transmission after the reception of the PDCCH there are several options to be considered. So says the specification:
	“For the PCell or the PSCell, after 28 symbols from a last symbol of a first PDCCH reception in a search space set provided by recoverySearchSpaceId for which the UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI and until the UE receives an activation command for PUCCH-SpatialRelationInfo [11, TS 38.321] or is provided PUCCH-SpatialRelationInfo for PUCCH resource(s), the UE transmits a PUCCH on a same cell as the PRACH transmission using 
-	a same spatial filter as for the last PRACH transmission
-	a power determined as described in Clause 7.2.1 with [image: ], [image: ], and [image: ]”
“For the PCell or the PSCell, after 28 symbols from a last symbol of a first PDCCH reception in a search space set provided by recoverySearchSpaceId where a UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI, the UE assumes same antenna port quasi-collocation parameters as the ones associated with index [image: ] for PDCCH monitoring in a CORESET with index 0.”
“For the PCell or the PSCell, if BFR MAC CE [11, TS38.321] is transmitted in Msg3 or MsgA of contention based random access procedure, and if a PUCCH resource is provided with PUCCH-SpatialRelationInfo, after 28 symbols from the last symbol of the PDCCH reception that determines the completion of the contention based random access procedure as described in Clause 5.1.5 of [11, TS38.321], the UE transmits the PUCCH on a same cell as the PRACH transmission using 
-	a same spatial filter as for the last PRACH transmission 
-	a power determined as described in Clause 7.2.1 with [image: ], [image: ], and [image: ], where qnew is the SS/PBCH block index selected for the last PRACH transmission.”
“A UE can be provided, by schedulingRequestID-BFR-SCell, a configuration for PUCCH transmission with a link recovery request (LRR) as described in Clause 9.2.4. The UE can transmit in a first PUSCH MAC CE providing index(es) for at least corresponding SCell(s) with radio link quality worse than Qout,LR, indication(s) of presence of  for corresponding SCell(s), and index(es)  for a periodic CSI-RS configuration or for a SS/PBCH block provided by higher layers, as described in [11, TS 38.321], if any, for corresponding SCell(s). After 28 symbols from a last symbol of a PDCCH reception with a DCI format scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the first PUSCH and having a toggled NDI field value, the UE
-	monitors PDCCH in all CORESETs on the SCell(s) indicated by the MAC CE using the same antenna port quasi co-location parameters as the ones associated with the corresponding index(es) , if any
-	transmits PUCCH on a PUCCH-SCell using a same spatial domain filter as the one corresponding to , if any, for periodic CSI-RS or SS/PBCH block reception, as described in Clause 9.2.2, and using a power determined as described in Clause 7.2.1 with , , and , if 
-	the UE is provided PUCCH-SpatialRelationInfo for the PUCCH,
-	a PUCCH with the LRR was either not transmitted or was transmitted on the PCell or the PSCell, and
-	the PUCCH-SCell is included in the SCell(s) indicated by the MAC-CE
where the SCS configuration for the 28 symbols is the smallest of the SCS configurations of the active DL BWP for the PDCCH reception and of the active DL BWP(s) of the at least one SCell.”



The intent of the specifications is that after a time corresponding to 28 symbols is elapsed, UE must either monitor for PDCCH and/or transmits a PUCCH. It is important to observe that the specifications say “after 28 symbols (…) where the SCS configuration for the 28 symbols is the smallest of the SCS configurations of the active DL BWP for the PDCCH reception”, so after a given amount of time. There is no indexing of values such as n_symbol+28 or alike. 
For the PDCCH monitoring, no further discussion is needed, as it is a DL event measured from another DL event. For the PUCCH transmission, there is a need to clarify the 28 symbols measures only the elapsed time, not an indexing for the UL slot. 
Proposal 26: For the BFR, the PUCCH transmission should occur in the first PUCCH opportunity, after the time interval corresponding to 28 symbols in DL have been elapsed.    
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[bookmark: _Ref83721982]Figure 4. Signalling flow diagram for Beam Failure Recovery procedure.

Conclusion
In this contribution we have presented our observations and proposals. These are as follows:
Observation 1: It has been agreed on SA2 that LEO, MEO and GEO are different RATs from the core network point of view. 
Observation 2: Awaraness of different orbital types may be used for enabling inter-RAT mobility or RAT mobility restrictions.
Observation 3: For a GEO scenario, updates in cell-specific K_offset are very rare; whereas updates in UE specific K_offset is very infrequent (once every minute for extreme scenarios, with minimum design margin). 
Observation 4: For a K_offset set with minimum accuracy, i.e., 1 slot, for a LEO satellite at 600 kms, in the worst case (transparent architecture, cell edge), K_offset update is required once every [0.7 5.4] s, depending on the SCS.
Observation 5: The usage of MAC-CE over RRC for K_offset updates provide several advantages, such as in-sync transitions in time for the new configuration, less prone to errors in configurations, and more efficient in terms of overhead.
Observation 6: The differential indication of the K_offset in relation to the previous K_offset may cause the UE to require a new RACH if one MAC-CE command is not received properly, as there is no way to recover the UE specific K_offset. 
Observation 7: The differential indication of the K_offset in relation to the common K_offset presents the disadvantage that the UE will be required to keep track of SI modifications on common K_offset while in connected mode.

Observation 8: There are drawbacks to the adoption of K_offset at beam level, to be considered, as listed:
1) Fallback DCIs and beam management/beam mobility 
2) Random Access opportunities shared by multiple beams
3) Inneficient overhead
Observation 9: Providing K_offset in the frequency (or time) domain allocation provided in the UL Grant of the RAR message require small signalling overhead in SIB: number of partitions and offset between consecutive partition in number of slots. 
Observation 10: Providing K_offset in the frequency (or time) domain allocation allows for much more flexibility than Beam Level allocation, as it can be UE-specific already from Msg3 in the Random-Access Procedure.
Proposal 1: UE must be aware of the type of orbit (LEO, MEO, GEO) for RAT type identification.
Proposal 2: gNodeB to broadcast the NTN RAT types: NR(LEO), NR(MEO), NR(GEO) and NR(OTHERSAT).
Proposal 3: Consider if the reserved NR(OTHERSAT) Type indication should be used for HAPS.
Proposal 4: Further study the impact of NG-RAT type signalling for terrestrial UEs.
Proposal 5: Broadcast the NTN related RAT type in SIB1.
Proposal 6: The K_offset indication in SI is compound by a “baseline” value and an offset value. The baseline corresponds to the minimum round trip time delay and can be hard-coded in specifications for each Satellite Access Type NR(LEO, MEO, GEO), while the baseline and offset values are left unspecified for NR(OTHERSAT).
Proposal 7: For the offset part of the K_offset indication in SI the following options are proposed:
· Use 12 bits for the offset part in all cases (agnostic to FR and satellite type).
· Use 10 bits for the offset part in FR1 and 12 bits for the offset in FR2. 
· Use 9 bits for LEO and 12 bits for MEO and GEO. 
Proposal 8: For the indication of K_offset, we propose to specify that the indication – in terms of slot units - always is relatively to the largest SCS available in the frequency range:
· 30 kHz for FR1.
· 120 kHz for FR2.
Proposal 9: The UE, when applying K_offset to its transmission must convert the signalled K_offset value to a corresponding K_offset according to the SCS used in the UL transmission on that BWP. 
Proposal 10: When converting K_offset to a smaller SCS, the resulting K_offset should be rounded the nearest larger integer.
Proposal 11: The same agreements used for K_offset should be extended for K_mac, i.e., indication relative to the SCS in the frequency band and the type of satellite.
Proposal 12: RAN1 to adopt MAC-CE as the only mechanism for UE specific K_offset update. 
Proposal 13: The MAC-CE containing the K_offset update provides an absolute update for the K_offset value. The range of the indicated values are the same as in SIB.
Proposal 14: The MAC-CE containing the K_offset update is made by 2 Octets (total of 16 bits), where 12 bits are used for providing the absolute K_offset value, as exemplified in Figure 1.
Proposal 15: RAN 1 to provide a solution for the K_offset update timing for UEs in connected mode after SI updates. 
Proposal 16: As an alternative for common k_offset timing updates, the gNB may be responsible to update, via MAC-CE, the common K_offset for all UEs in connected mode, in order to minimize specifications about timing understanding and requirements for SI acquisition.  
Proposal 17: For initial access, only cell-specific K_offset is provided.
Proposal 18: RAN 1 to adopt one single offset value for K_offset to be signaled. 
Proposal 19: RAN 1 to consider implicit signalling of differential K_offset in the time/frequency values of the UL scheduling in the RAR as an alternative to explicit NR-beam level signalling in the SI.
Proposal 20: RAN 1 to consider implicit signalling of differential K_offset in the temporary C-RNTI in RAR as an alternative to explicit NR-beam level signalling in the SI.
Proposal 21: RAN 1 to consider alternatives to minimize the TA reporting.
Proposal 22: RAN 1 to consider location reporting by the UE side to minimize overhead. 
Proposal 23: The common K_offset value shall be used also for the PDCCH ordered RACH.
Proposal 24: For beam failure recovery, the monitoring window for the PDCCH after the PRACH transmission must be postponed.
Proposal 25: The postponement used for the PDCCH monitoring window is equal to the postponement used for the RA-responseWindow as agreed by RAN1 previously.   
Proposal 26: For the BFR, the PUCCH transmission should occur in the first PUCCH opportunity, after the time interval corresponding to 28 symbols in DL have been elapsed.    
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