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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#104-e bis this topic was discussed, and the some agreements were made [2]. There were however, some open points which companies were encouraged to discuss and propose their views that did not reach an agreement. In this document we try to highlight our views in the most relevant of such points. 
Discussion
Updating of K_offset after initial access
In the last meeting, RAN1#104bis-e, there was an agreement about the update of the K_offset value after initial access, as follows:
Agreement:
For updating K_offset after initial access, at least one of the following options is supported:
· Option 1: RRC reconfiguration
· Option 2: MAC CE
FFS: Other options	
In both cases, there will be further specification effort to design the signalling messages conveying the K_offset update. To the present date, there is no clear benefit in having both specified in standards, as they do not target different scenarios and situations. It is beneficial, aiming at a clean and efficient specification effort of this working item, to downselect to one option. 
Proposal 1: RAN 1 to downselect the type of messages that update K_offset.
Between these options, there are advantages in implementing the update over MAC-CE compared to RRC reconfiguration. The “k_offset” is essential for the understanding of time between UE and gNB, and a mismatch in this value in these 2 nodes leads to unviable UL procedures and potential destructive interference with PUSCH from other UEs. Therefore, it is important that, UE and gNB need to have the same understanding at every use of it. 
In the MAC-CE operation, the UL MAC configuration must be updated at slot n+x, where n is the current slot number and x is the offset for the order to be valid. Therefore, once the gNB sends a MAC-CE command, the eNB will be aware of UE configuration for slot n+x. The same may not be valid for RRC. Section 12 in [3] describes the RRC procedure delay: “The performance requirement is expressed as the time in [ms] from the end of reception of the network -> UE message on the UE physical layer up to when the UE shall be ready for the reception of uplink grant for the UE -> network response message with no access delay other than the TTI-alignment “. For the RRC Reconfiguration message this delay is up to 10 ms. Therefore, i) it is rather unclear when the understanding of the new configuration starts in both ends (at the reception of the UL grant? At the transmission of said grant?) ii) this is a larger delay (10 ms between consecutive DL receptions) compared to MAC-CE procedures. 
Moreover, maintaining the update of K_offset in a MAC-CE is consistent with other updates on MAC related procedures, in special with the Time Advance Command, which is also used for synchronization. Another advantage is that MAC-CE is very resource efficient, in terms of overhead. Based on the three advantages aforementioned, we propose: 

Proposal 2: Updates on individual K_offset values are provided by MAC-CE.
Proposal 3: A new MAC-CE message to be designed for covering per-UE individual K_offset updates.

K_offset Cell level signalling with early update
In spite of the disadvantages posed by beam level signaling of K_offset, in the last meeting, several companies still argued that the network could benefit to have more flexibility for user allocation, specially in very large coverage areas. However, assuming the purpose of  K_offset is to compensate for the extra latency in the physical air interface, another drawback of the beam level signaling is that even for large coverage areas, the set of needed “k offset values” is relatively small compared to the maximum number of beams. Figure 1 shows the differential delay, measured as integer part of slots in relation to the satellite nadir, in a coverage area of approximately 1700 km diameter for a satellite at a height of 600 km. For the sake of the argument, the most extreme case was assumed for the slot duration, i.e., the SCS of 120 kHz is used as it gives the smallest slot duration (0.125 ms). 
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[bookmark: _Ref65838745][bookmark: _Ref65771763]Figure 1 Differential delay calculation, measured in integer part of slots for a coverage area of approximately 1700 km diameter, for a satellite at a height of 600 kms passing by over Berlin. For the slot duration, the calculation assumes a subcarrier spacing of 120 kHz.
Even if such large area 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. 
The value of K_offset that the UE should apply could 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.  
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[bookmark: _Ref65839140]Figure 2. Random Access Response content [1]
The frequency allocation in the UL grant is defined by 14 bits and follows the procedure described in clause 6 in [3]. 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;
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[bookmark: _Ref68592867]Figure 3 Example of Frequency Domain Assignment of TA offsets.

By knowing the position of the  the UE can 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 defines the K_offset.
Conversely, a similar proposal may be made for the time allocation present in RAR. 
Observation 1: 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 2: 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 4: 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 ([4] Table 7.1-1). It is possible to define subsets of this range of values to different K_offsets. 
Proposal 5: 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.

K_offset: UE specific vs Cell Specific
In previous meetings, it was raised the issue that some procedures are not suitable for UE-specific K_offset, as there may be ambiguities between the target UE of a given message sent by gNB. This may happen, for example, during the RACH procedure, where there may be contention between multiple users. If one or more of such users is performing RACH from connected mode, it may have a UE-specific value of K_offset set up, as a consequence, there will be multiple responses (RACH message 3) in different UL slots triggered by the random access response. To avoid that, the cell-specific k_offset must always be adopted for the RACH procedures. 
Proposal 6: The cell-specific K_offset shall be applied in the following procedures:
· HARQ-ACK on PUCCH to MsgB/Msg4
· RAR or fallbackRAR grant scheduled PUSCH

And as a preventive measure to avoid such ambiguities, we propose that any UL transmission triggered by a DL grant not scrambled with C-RNTI (which is UE specific) must use the cell-specific K_offfset, as they may have multiple destinations.
Proposal 7: Any UL transmission corresponding to a UL grant DCI scrambled with a RNTI other than the C-RNTI shall use cell-specific K_offset.
MAC-CE Timing Relationships.
In the last meeting, companies were encouraged to provide views on the scenarios that would need to be supported in Rel. 17 [2]:
· Scenario 1: RU located at gNB
· Scenario 2-a: RU located at gateway, with gateway and gNB co-located
· Scenario 2-b: RU located at gateway, with gateway and gNB located away from each other
· Scenario 3: RU located at satellite

In this document we provide our views on the different scenarios:
· Scenario 1 and Scenario 2-a: These 2 scenarios are the same, as in both the RU is located at the gNB. This has been the baseline scenario so far, and we believe it has to be. This is in line with the transparent architecture chosen to be the scope of the WI, but also, this is the most common deployments observed in 3GPP networks. In NTN, the distance between GWs is expected to be dozens of kms, which is more sparse than what current deployments utiliza. Introducing a remote RU will only introduce more latency to a network deployment that is already severely impacted by latency issues. 
· Scenario 2-b:  There are two main situations: when the GW is located far away from the gNB (significant delay between both), or the situation where they are close to each other. In the first case, this type of deployment will introduce more latency to the system, which already has a very large latency on the physical layer, and this may have further specification impact. In the situation where the delay between GW and gNB is short, the situation can be dealt with only by gNB implementation. 
· Scenario 3: This reverts back into the regenerative case, therefore it is not part of the scope of the current WI.  

Proposal 8: RAN 1 to consider the scenario where the gNB and the GW are co-located with the RU as the default.

On the Aperiodic CSI Trigger State
In last meeting, companies were encouraged to provide their views on the following question[2]:
“it should be discussed whether the timing definition of Aperiodic CSI trigger state subselection MAC CE action timing should be CSI report timing or CSI request timing.”
This proposal regards whether the clarify whether the MAC-CE for CSI-resource-configuration and SRS-resource-configuration are regarded as downlink configuration or uplink configuration. In our view it is beneficial to see this as DL configuration. The difference between both is whether the timing correspond to the report timing or the request timing. 
If the MAC-CE configuration is considered to have the reference on the report timing: the updates will apply on the instant of the reporting, however, the measurements for this same report were collected using the old trigger configuration. Therefore, there is a mismatch in the request and what the UE should report. The MAC-CE updates the measurement state that will trigger the reporting, therefore, it is a DL procedure. 
Proposal 9: RAN 1 to consider the MAC CE aperiodic trigger state subselection as a DL procedure (MAC-CE action timing is the request timing).

RA response window extension/ postponement 
The maximum length of the random access response window is 10 ms for use of the 4-step RACH procedure in licensed spectrum, and in NTN the RTT alone can consume most of or the entire window. Therefore, an extension or, preferably, a postponement to the RA response window can be used to maintain compatibility with previous specifications. 
For the most optimized of UE energy in monitoring for RA response, UE should only start RA response window at earliest physical realistic instance of DL reception, as the UE will not have any benefit of attempting to receive any DL data until it is physically possible. It is assumed that any UE attempting to access the NR over NTN would know that NTN operation is assumed, and would hence be able to assess the minimum propagation delay for any response to a random access preamble transmission.
Proposal 10: UE could only start ra-ResponseWindow at earliest physical realistic instance of DL reception.
In the scenarios, where the UE estimates (pre-compensates) for the time delay in relation to the gNB, before the random access attempt, and this estimation has good accuracy, i.e., it falls within the CP region of the preamble, the same pre-compensation can be used to postpone the start of the RA response window, as it corresponds to the RTT estimation.  
Proposal 11: In the scenarios where the UE pre-compensates for the time advance, in relation to the gNB, before the random access attempt, the same pre-compensation value can be used to postpone the start of the ra-ResponseWindow.
Proposal 12: In other scenarios, where the UE compensates the delay to the satellite, the UE must postpone the start of the window by at least the value corresponding to the common delay plus the delay to the satellite. As this value may have some variation from the actual RTT, the gNB must ensure the response arrive within the ra-responseWindow.

On the extension of K1 for HARQ Feedback for TDD
In previous discussions some companies have shed light in the need to increase K1 to support the cases where there are more than 16 DL consecutive slots. The reason provided is that the maximum delay between DL data reception and HARQ feedback is 16 [4]. This is a limit situation, to be used only for TDD applications with significantly asymmetrical DL/UL assignments and that can be served by using current mechanisms provided in specifications. The procedure to provide feedback in these situations can be used as follow.
According to [4], 6.3.2, there may be a list with 8 values of parameter DL-DataToUL-ACK-r16 ranging from -1 to 15. The specification then says: “The value -1 corresponds to "non-numerical value" for the case where the A/N feedback timing is not explicitly included at the time of scheduling PDSCH.” 
This means that a gNB may create a list of parameters, as in the example: (7,6,5,4,3,2,1,-1). And use “-1” always the interval between the PDSCH assignment and the next PUCCH/PUSCH opportunity is above 7. When the interval falls between a feasible interval, the DCI format 1_1 can be used to trigger a one-shot HARQ feedback (HARQ codebook type 3) [4].
Observation 3: By combining the “non-numerical value” in parameter DL-DataToUL-ACK-r16 and the one-shot feedback in current specification it is possible to provide HARQ feedback for the limit situations in TDD
Proposal 13: RAN 1 to consider maintaining existing K1 values for HARQ feedback. 


On the K_offset for Configured Grant Type 1
In the previous meeting, companies were encouraged to provide their views on the introduction of K_offset for Configured Grant Type 1. 
Some companies rightfully indicated [2] that the start type of the CG Type 1 can be chosen with a timeDomainOffset (from 0 to 5119 slots) from a specific timeReferenceSFN (see formula below): 
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] = 
(timeReferenceSFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot).
 
In this case, there is no need for the K_offset, as the values of these two parameters may be chosen to avoid ambiguity or non-causality of time. However, it is our understanding that CG Type 1 may not only be activated/deactivated, but also modified during the connection lifetime.

Observation 4: CG Type 1 may not only be activated/deactivated, but also modified for a UE in connected mode.
In this case, the next ongoing grant opportunities will depend on the periodicity parameter, not in the time offset, unless grants are further delayed. Therefore, to avoid further delays:

Proposal 14: RAN 1 to apply K_offset for Configured Grant type 1.

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:
· DL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised" i.e., Out-of-Sync (CBRA or CFRA) 

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 K_offset should also be considered for PDCCH ordered RACH. Moreover, we see no downside in implementing K_offset for the PDCCH ordered MAC-CE. 
Proposal 15: The common K_offset value must be considered also for the PDCCH ordered RACH.

Conclusion
In this contribution we have presented our observations and proposals related to DL-UL timing relationship for NTN systems. These are as follows:
Observation 1: 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 2: 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
Observation 3: By combining the “non-numerical value” in parameter DL-DataToUL-ACK-r16 and the one-shot feedback in current specification it is possible to provide HARQ feedback for the limit situations in TDD
Observation 4: CG Type 1 may not only be activated/deactivated, but also modified for a UE in connected mode.

Proposal 1: RAN 1 to downselect the type of messages that update K_offset.
Proposal 2: Updates on individual K_offset values are provided by MAC-CE.
Proposal 3: A new MAC-CE message to be designed for covering per-UE individual K_offset updates.
Proposal 4: 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 5: 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 6: The cell-specific K_offset shall be applied in the following procedures:
· HARQ-ACK on PUCCH to MsgB/Msg4
· RAR or fallbackRAR grant scheduled PUSCH

Proposal 7: Any UL transmission corresponding to a UL grant DCI scrambled with a RNTI other than the C-RNTI shall use cell-specific K_offset.
Proposal 8: RAN 1 to consider the scenario where the gNB and the GW are co-located with the RU as the default.
Proposal 9: RAN 1 to consider the MAC CE aperiodic trigger state subselection as a DL procedure (MAC-CE action timing is the request timing).
Proposal 10: UE could only start ra-ResponseWindow at earliest physical realistic instance of DL reception.
Proposal 11: In the scenarios where the UE pre-compensates for the time advance, in relation to the gNB, before the random access attempt, the same pre-compensation value can be used to postpone the start of the ra-ResponseWindow.
Proposal 12: In other scenarios, where the UE compensates the delay to the satellite, the UE must postpone the start of the window by at least the value corresponding to the common delay plus the delay to the satellite. As this value may have some variation from the actual RTT, the gNB must ensure the response arrive within the ra-responseWindow.
Proposal 13: RAN 1 to consider maintaining existing K1 values for HARQ feedback. 
Proposal 14: RAN 1 to apply K_offset for Configured Grant type 1.
Proposal 15: The common K_offset value must be considered also for the PDCCH ordered RACH.
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