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Introduction
[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 the remaining aspects related to DL-UL timing relations for NTN operation of NR. 
Discussion
	On the application time of K_offset updates in SI.
In RAN 1 #107 the following agreement was reached [2]:Agreement 
For determining UE specific K_offset 
· Option 2: MAC CE provides a differential UE specific K_offset value. The full UE specific K_offset value equals the cell specific K_offset value minus the differential UE specific K_offset value.
· FFS: whether/how to resolve ambiguity of which cell-specific K_offset value to use during the SIB modification period

The FFS part of this agreement indicates a potential ambiguity on the acquisition of cell-specific K_offset. This situation may arise by different causes, such as a situation where the gNB utilizes several transmitting beams (quasi co-located or not) or the UE fails to acquire a transmitted SIB. It may also be a problem if the gNB is using several bandwith parts and some of the bandwith parts have no common search space configured to monitor potential transmissions of the SIB. This is further explained in the following pargraphs:
Section 5.2.1 in TS 38.331 [6] specifies the SI transmission for the broadcasted SIBs, which we repeat here for convenience:
- SIBs other than SIB1 are carried in SystemInformation (SI) messages, which are transmitted on the DL-SCH. Each SI message is associated with an SI-window and the SI-windows of different SI messages do not overlap. That is, within one SI-window only the corresponding SI message is transmitted. An SI message may be transmitted a number of times within the SI-window. […]

– For a UE in RRC_CONNECTED, the network can provide system information through dedicated signalling using the RRCReconfiguration message, e.g. if the UE has an active BWP with no common search space configured to monitor system information or paging.

The same document provides in Section 5.2.2.2.2 the procedure for SI modification. The SI can only be modified (updated) in periods called “modification periods”. “The modification period boundaries are defined by SFN values for which SFN mod m = 0” (TS 38.331). The modification has first to be notified in one modification period – via a Short Message transmitted via paging, and then modified at the start of the next modification period, as depicted in Figure 1.

[image: ]
[bookmark: _Ref87024206]Figure 1. Example of Modification of SI information using the Modification Periods.
For regular broadcasted SIBs (any other SIB that is not CMAS or ETWS related), the paging message does not indicate which SIB has been modified, therefore, the UE should go through the full SIB acquisition procedure. There are relevant aspects for the SI acquisition in specifications that impact when the UE will be able to acquire the information: 
The [x×N+K]th PDCCH monitoring occasion (s) for SI message in SI-window corresponds to the Kth transmitted SSB, where x = 0, 1, …X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in SI-window/N). The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB indexes. The UE assumes that, in the SI window, PDCCH for an SI message is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB and thus the selection of SSB for the reception SI messages is up to UE implementation.

Observation 1: Each SSB (which may be mapped into one or more 5G NR beams) may transmit the same SI in different TTIs. 
Observation 2: UEs that can listen to multiple beams may acquire the same modified SI in different TTIs.
Observation 3: UEs in different beams of the same cell using different values for the cell-specific K_offset increases the gNB complexity and may cause confusion in the UL resources reserved for the different SSBs.
Previously, it was also mentioned that a UE may request a dedicated version of the SI message or be provided a dedicated message of the SI message via RRC messages. If a UE acquires the SI message containing the value of K_offset via RRC, this UE will have acquired a new cell specific value for K_offset in a different point in time than the other UEs monitoring the broadcast SI occasions. The problem is even amplified by the fact that the RRC protocol for most cases does not have pre-defined application timing.  
Observation 4: A UE receiving the SI via dedicated RRC message may acquire a cell-specific K_offset in a different point of time compared to the other UEs. 
Proposal 1: The application time of the updated cell-specific K_offset shall be the same for a UE acquiring the new SI via RRC or via SIB acquisition.
The specifications also provide further indication that the different UEs may acquire the SI in different points in time (from 38.331):
1> if the SI message was not received by the end of the SI-window, repeat reception at the next SI-window occasion for the concerned SI message in the current modification period;
NOTE 1: The UE is only required to acquire broadcasted SI message if the UE can acquire it without disrupting unicast data reception, i.e. the broadcast and unicast beams are quasi co-located.
NOTE 2: The UE is not required to monitor PDCCH monitoring occasion(s) corresponding to each transmitted SSB in SI-window.
NOTE 3: If the concerned SI message was not received in the current modification period, handling of SI message acquisition is left to UE implementation.

Besides, the special cases provided in the specifications, the UE is also expected to acquire SIB1 before re-acquiring the other SIBs, which may include the SIB containing the NTN related parameters. This means that there are several situations where the UE may fail to acquire the updated K_offset within the first SI-ocassion or even SI-window of the modification period.  
Observation 5: A UE may fail to obtain the updated SI within the first SI-window for the SIB containing the NTN parameters such as K_offset in the modification period. 
The network cannot predict in which SI occasion each of the UEs have acquired the modified version of the SIB. There will be an uncertainty to the exact application timing due to the different UEs having different acquisition times. 
Proposal 2: The application time of the updated K_offset at cell level needs to pre-defined and different from the first SIB occasion in the modification period. 
Proposal 3: RAN1 shall discuss the rules for the application time of cell-specific K_offset.
Proposal 4: As options for the application time of the recently acquired updated K_offset we propose one of the following alternatives with a slight preference for (B):
A. The end of the first (or the n-th) SI-window for the SIB containing K_offset in the modification period
B. The end of the first modification period after the update
C. A specific SFN. 

		Update on UE specific K_offset components
In RAN1 #106, an agreement was achieved regarding UE-specific updates on K_offset[4]: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




The agreement of RAN1#106 specifies the mechanism of updating the UE specific component of the K_offset. However, for clarity, it is important to specify the full mechanism, including the point of application of the new (updated) value. Different procedures specify different points of applications, for example the following two:
· Timing Advance Command: The UE is epexcted the TA for a MAC-CE received in uplink slot n from the beginning of uplink slot n+k+1, where: 
[bookmark: _Hlk531876341][image: ], [image: ] is a time duration in msec of [image: ] symbols corresponding to a PDSCH processing time for UE processing capability 1 when additional PDSCH DM-RS is configured, [image: ] is a time duration in msec of [image: ] symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214], [image: ] is the maximum timing advance value in msec that can be provided by a TA command field of 12 bits, [image: ] is the number of slots per subframe, and [image: ] is the subframe duration of 1 msec. 


· For MAC-CE with SCELL Activation received in slot n, the UE is expected to apply the command no earlier than slot n+k and no later than , [3] where the yellow highlight to emphasize the meaning of ”m” in the following.
· The value of [image: ] is  where slot n+m is a slot indicated for PUCCH transmission with HARQ-ACK information for the PDSCH reception as described in clause 9.2.3 and [image: ] is a number of slots per subframe for the SCS configuration [image: ] of the PUCCH transmission as defined in [4, TS 38.211].


According to our understanding, it is fundamental that RAN1 clarifies the exact point of application of the UE specific component of K_offset when updated via MAC-CE
Proposal 5: K_offset component updated via MAC-CE to be valid from the start of the beggining of the slot  , where n is the uplink slot where the MAC-CE command was received. 

Moreover, In RAN1#107, another agreement specified the definition of UE specific K_offset, which is a composition of the common K_offset provided in SIB and a UE-specific offset[2]: Agreement
For determining UE specific K_offset 
· Option 2: MAC CE provides a differential UE specific K_offset value. The full UE specific K_offset value equals the cell specific K_offset value minus the differential UE specific K_offset value.
· FFS: whether/how to resolve ambiguity of which cell-specific K_offset value to use during the SIB modification period




Additionally, according to current agreements it is not fully clear whether updates to the cell specific K_offset would also subsequently need to be reflected in the UE specific offset, since the baseline of the relative update would have changed. Especially for cases with multiple UEs configured with UE specific K_offset would result in extensive additional signaling to convey this updated information. Hence, RAN1 needs to clarify if updates in the common K_offset are also applied by the for the UE specific K_offset, when it is configured at the UE side.
Proposal 6: UEs configured for using UE-specific K_offset should update the cell-specific component of the UE-specific K_offset using the same procedure and point of application that will be specified for the cell-specific K_offset. 


Actions upon failure on updating K_offset. 
The system is designed to enable a correct and seamless functioning of the UE connected to the NTN network. However, due to unforeseen circustamnces or failures in the radio air interface, problems may prevent the UE to receive some signals, such as the SI. 
For most procedures, there are error prevention mechanisms (such as HARQ feedback), or error handling scenarios (radio link failures, beam recovery, etc).  The K_offset update is also subject to errors, that can cause ambiguity on the value. Mistakes on K_offset are very costly to the network as it causes the UE to choose unexpected slots for transmission different than those assigned by the gNB. Therefore, the RAN1 must discuss the error handling procedures for the case the UE fails to acquire updated values. 
Observation 6: gNB is not aware of which users have failed to acquire an updated version of K_offset. 
Proposal 7: RAN1 shall discuss UE behavior if UE fails to acquire updated K_offset within valid time. 
There are different means to perform the error handling when the UE fails to acquire the K_offset updated via SIB. While the UE cannot retrieve the correct value, the UE cannot respond to UL allocations, nor respond ACK/NACK to DL messages with the correct transmit timing. There are two approaches that minimize the potential damage caused by the UE with outdated K_offset:
· Option 1: UE is declared out of sync, a radio link failure is declared and it is necessary to re-initiate the connection. 
· Option 2: The UE is prevented to perform UL transmissions other than RACH, but RAN1 devises a procedure for trying to restore K_offset before declaring a failure.  

Option 2 differs from option 1, as it may provide a quicker response to the re-establishemnt of UE’s uplink, which may be beneficial in NTN scenarios where the latency of the physical interface is large and it may take significant time to re-establish UE connection. 
Observation 7: Option 2 can minimize the total interruption time caused by UE K_offset update failure and minimize the usage of resources to re-establish UE connection. 
Proposal 8: RAN1 to consider alternative procedures for restoring K_offset before declaring radio link failure.  

Conclusion
In this contribution we have presented our analysis, followed by our observations and proposals which are summarized here:
Observation 1: Each SSB (which may be mapped into one or more 5G NR beams) may transmit the same SI in different TTIs. 
Observation 2: UEs that can listen to multiple beams may acquire the same modified SI in different TTIs.
Observation 3: UEs in different beams of the same cell using different values for the cell-specific K_offset increases the gNB complexity and may cause confusion in the UL resources reserved for the different SSBs.
Observation 4: A UE receiving the SI via dedicated RRC message may acquire a cell-specific K_offset in a different point of time compared to the other UEs. 
Observation 5: A UE may fail to obtain the updated SI within the first SI-window for the SIB containing the NTN parameters such as K_offset in the modification period. 
Observation 6: gNB is not aware of which users have failed to acquire an updated version of K_offset. 
Observation 7: Option 2 can minimize the total interruption time caused by UE K_offset update failure and minimize the usage of resources to re-establish UE connection. 

Proposal 1: The application time of the updated cell-specific K_offset shall be the same for a UE acquiring the new SI via RRC or via SIB acquisition.
Proposal 2: The application time of the updated K_offset at cell level needs to pre-defined and different from the first SIB occasion in the modification period. 
Proposal 3: RAN1 shall discuss the rules for the application time of cell-specific K_offset.
Proposal 4: As options for the application time of the recently acquired updated K_offset we propose one of the following alternatives with a slight preference for (B):
A. The end of the first (or the n-th) SI-window for the SIB containing K_offset in the modification period
B. The end of the first modification period after the update
C. A specific SFN. 
Proposal 5: K_offset component updated via MAC-CE to be valid from the start of the beggining of the slot  , where n is the uplink slot where the MAC-CE command was received. 
Proposal 6: UEs configured for using UE-specific K_offset should update the cell-specific component of the UE-specific K_offset using the same procedure and point of application that will be specified for the cell-specific K_offset. 
Proposal 7: RAN1 shall discuss UE behavior if UE fails to acquire updated K_offset within valid time. 
Proposal 8: RAN1 to consider alternative procedures for restoring K_offset before declaring radio link failure.  
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