Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting #103-e	R1-2009091
e-Meeting, October 26th – November 13th, 2020

Agenda Item:	8.4.1
Source:	Ericsson
Title:	On timing relationship enhancements for NTN
Document for:	Discussion
1	Introduction
The work item on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86 and the work item description is updated in [1]. One objective is to specify timing relationship enhancements for NTN. The discussion summary on this topic at RAN1#102-e can be found in the feature lead summary [2], and the following agreements were made.
RAN1#102-e:
Agreement:
· Introduce K_offset to enhance the following timing relationships:
· The transmission timing of DCI scheduled PUSCH (including CSI on PUSCH).
· The transmission timing of RAR grant scheduled PUSCH.
· The transmission timing of HARQ-ACK on PUCCH.
· The CSI reference resource timing.
· The transmission timing of aperiodic SRS.
· Note: Additional timing relationships that require K_offset of the same or different values can be further identified.

Agreement:
For K_offset used in initial access, the information of K_offset is carried in system information. 
· FFS implicit and/or explicit signaling of K_offset in system information.
· FFS a cell specific K_offset value used in all beams of a cell and/or each beam in a cell uses a beam-specific K_offset value.
· FFS whether/how to update K_offset after initial access.

In this contribution, we discuss the remaining issues of timing relationship enhancements for NTN.
2	On the signaling of 
2.1	 in initial access
At RAN1#102-e, it was agreed that for  used in initial access, the information of  is carried in system information. 
One open issue is about how to signal the information of , i.e., the choice of implicit and/or explicit signaling. Our view is that explicit signaling is clean and more forward compatible. How to properly encode  with the consideration of other potential NTN related parameters can be discussed at a later stage, preferably up to RAN2 to decide. 
Another open issue about the choice between a cell specific  value used in all beams of a cell and/or each beam in a cell uses a beam-specific  value. It is true beam-specific  value provides finer granularity. However, such fine granularity is not necessary for initial access. Further, currently system information is repeated across beams and is cell specific. It is not desirable to deviate from this to beam-specific system information. Sticking to this principle, a list of  values needs to be repeated across beams. Considering that an NR cell may support many beams (e.g. up to 64 beams in FR2), broadcasting a list of many  values in system information would result in much signaling overhead.

[bookmark: _Toc54344403]The value of  used in initial access is signaled explicitly in system information. 
[bookmark: _Toc54344404]The value of  used in initial access is cell specific.

2.2	 after initial access
The value of  used in initial access is cell specific or at most beam specific. It needs to be used by all the UEs in the cell or beam. The NTN beam size can be quite large. TR 38.821 captures that the maximum satellite beam size (edge-to-edge) can be up to 3500 km for GEO or 1000 km for LEO, resulting in maximum differential delay of up to 10.3 ms for GEO or 3.2 ms for LEO within a satellite beam. Note that this maximum beam size is also the maximum cell size according to TR 38.821. In other words, if a cell is composed of multiple beams, then the size of each beam should be smaller than 3500 km for GEO or 1000 km for LEO, and the total size of the beams in the cell should not exceed 3500 km for GEO or 1000 km for LEO.

[bookmark: _Toc54344388]According to TR 38.821, the maximum satellite beam size (edge-to-edge) can be up to 3500 km for GEO or 1000 km for LEO, resulting in maximum differential delay of up to 10.3 ms for GEO or 3.2 ms for LEO within a satellite beam.
[bookmark: _Toc54344389]According to TR 38.821, the maximum satellite beam size is also the maximum cell size, regardless of whether a cell consists of a single beam or multiple beams.
[bookmark: _Toc54344390]The cell/beam Koffset does not consider the RTT values of different UEs.

In such large NTN cells, the RTT values of different UEs may differ up to 20.6 ms for GEO and 6.4 ms for LEO. Table 1 translates the max differential RTT into number of slots under different SCS values. The two notes also point out the value ranges of K1 and K2, which obviously cannot cover the differential RTT ranges expected in NTN.
[bookmark: _Ref51783312]Table 1: Maximum differential RTT in terms of number of slots
	Max differential RTT
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS
	120 kHz SCS

	GEO: 20.6 ms
	20.6 slots
	51.2 slots
	102.4 slots
	204.8 slots

	LEO: 6.4 ms
	6.4 slots
	12.8 slots
	25.6 slots
	51.2 slots

	Note 1: K1 ranges from 1, …, 8 slots for DCI 1_0, and 0, …, 15 slots for DCI 1_1.
Note 2: K2 ranges from 0, …, 32 slots.



To handle the large differential delay with an NTN cell, it is necessary to have the possibility of reconfiguring  to a value tailored to the UE after RRC connection setup. 
· Figure 1 provides an illustration that using cell specific  based on the smallest RTT (and thus smaller than UE’s TA) would make K1/K2 value ranges smaller than differential delay, thereby resulting in no usable K1/K2 values.
· Figure 2 provides an illustration that using cell specific  based on the largest RTT (and thus larger than UE TA) would make a set of slots equal to differential delay become non-schedulable. The number of non-schedulable slots is up to 204.8 slots for GEO and 51.2 slots for LEO. This is a significant waste of radio resource.
[image: ]
[bookmark: _Ref51784730]Figure 1: An illustration of timing relationship using cell specific  smaller than UE TA.
[image: ]
[bookmark: _Ref51785374]Figure 2: An illustration of timing relationship using cell specific  larger than UE TA.
While the limitations of using cell specific  may be acceptable for non-unicast transmission, they impose unnecessary scheduling restriction or lead to waste of radio resource for unicast transmission, as illustrated in Figure 1 and Figure 2. So unless the ranges of K1 and/or K2 are significantly extended AND more bits in DCI are used to select more K1 and/or K2 values (currently, TDRA bit field is up to 4 bits and PDSCH-to-HARQ_feedback timing indicator field is 3 bits), the scheduling flexibility is restricted. In line of this, it is beneficial to update cell/beam specific Koffset after initial access. 

[bookmark: _Toc54344391]Maximum differential RTT in a beam/cell can be up to 204.8 slots for GEO and 51.2 slots for LEO, which are much larger than the current value ranges of K1 and K2.
[bookmark: _Toc54344392]Unless the ranges of K1 and/or K2 are significantly extended AND more bits in DCI are used to select more K1 and/or K2 values, the scheduling flexibility is much restricted.
[bookmark: _Toc54344393]It is beneficial to update cell/beam specific Koffset after initial access. 

[bookmark: _Toc54344405]The value of  can be reconfigured after RRC connection setup to be UE specific for unicast scheduling.

2	MAC CE action timing
[bookmark: _Ref52477411]2.1	General principles
There are various types of MAC CEs in NR, which can be found in TS 38.821. Some of these MAC CEs (e.g. the Recommended Bit Rate MAC CE) do not involve timing relationships defined in the physical layer specifications. Clearly, RAN1 discussion on MAC CE timing relationships is only relevant for those MAC CEs that involve timing relationships defined in the physical layer specifications.

[bookmark: _Toc54344406]RAN1 discussion on MAC CE timing relationships is only relevant for those MAC CEs that involve timing relationships defined in the physical layer specifications.

In general, for MAC CE timing relationships defined in the physical layer specification, the MAC CE command becomes activated 3 ms after UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command. However, there are exception(s). For example, the adjustment of the uplink transmission timing corresponding to a timing advance command MAC CE is one such exception:
Section 4.2, TS 38.213:




For a timing advance command received on uplink slot  and for a transmission other than a PUSCH scheduled by a RAR UL grant as described in Subclause 8.3, the corresponding adjustment of the uplink transmission timing applies from the beginning of uplink slot  where ,…

To facilitate RAN1 discussion, we could proceed as follows:
· General MAC CE timing relationship discussions are assumed to be applicable to those MAC CEs that involve “3 ms application delay” defined in the physical layer specifications.
· Exceptional MAC CE timing relationships where the general discussion is not applicable may be discussed case by case based on company input.

[bookmark: _Toc54344407]General MAC CE timing relationship discussions are assumed to be applicable to those MAC CEs that involve “3 ms application delay” defined in the physical layer specifications.
[bookmark: _Toc54344408]Exceptional MAC CE timing relationships where the general discussion is not applicable may be discussed case by case based on company input.

2.2	MAC CE timing relationship related to “3 ms delay”
NR MAC CE action timing inherits from LTE and has an application delay of 3 ms. Specifically, the corresponding action and the UE assumption on the downlink configuration indicated by a MAC-CE command shall be applied starting from the first slot that is after slot . It was recognized in the Rel-16 SI on NTN that the application delay may depend on NTN UE capability and may not necessarily be equal to  ms. For example, a UE may have different TCI/beam activation times depending on the UE’s antenna type (e.g. mechanically vs. electronically steerable antenna). Accordingly, it was agreed that the MAC-CE command shall be applied starting from the first slot that is after slot  and further study was needed to determine the value of .

[bookmark: _Toc54344409]RAN1 should determine suitable MAC CE activation times for e.g. TCI states and spatial relations to support beam change.

In the sequel, we assume  for ease of discussion while keeping in mind that RAN1 would determine a different value for  if deemed necessary.
2.2.1	Understanding of existing MAC CE timing relationships
Understanding of existing MAC CE timing relationships was heavily discussed in Rel-15 maintenance. The following (extracted from R1-1911583 [4]) is considered common understanding, based on the conclusion at RAN1#98bis. Note that Koffset for MAC CE in Rel-16 NTN SI was identified at RAN1#98bis as well, so the thinking at that time for Koffset would need to be updated based on the common understanding of the specification.
Table 2: Extracted table from R1-1911583
	MAC action time
	
4.3	Timing for secondary cell activation / deactivation

With reference to slots for PUCCH transmissions, when a UE receives in a PDSCH an activation command [11, TS 38.321] for a secondary cell ending in slot n, the UE applies the corresponding actions in [11, TS 38.321] no later than the minimum requirement defined in [10, TS 38.133] and no earlier than slot , except for the following:

-	the actions related to CSI reporting on a serving cell that is active in slot 

-	the actions related to the sCellDeactivationTimer associated with the secondary cell [11, TS 38.321] that the UE applies in slot 


-	the actions related to CSI reporting on a serving cell which is not active in slot that the UE applies in the earliest slot after  in which the serving cell is active.





The value of  is  where  is a number of slots for a PUCCH transmission with HARQ-ACK information for the PDSCH reception and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format scheduling the PDSCH reception as described in Subclause 9.2.3 and  is a number of slots per subframe for the SCS configuration  of the PUCCH transmission.


With reference to slots for PUCCH transmissions, if a UE receives a deactivation command [11, TS 38.321] for a secondary cell ending in slot , the UE applies the corresponding actions in [11, TS 38.321] no later than the minimum requirement defined in [10, TS 38.133], except for the actions related to CSI reporting on an activated serving cell which the UE applies in slot . 

Similar spec is found in 38.213 7.2.1, 9.2.2, 10.1 and; 
38.214 5.1.4.2, 5.1.5, 5.2.1.5.1, 5.2.1.5.2, 5.2.4, 6.2.1.

	
Following are some examples of describing RAN1’s understanding of how the MAC CE activation/deactivation timing is determined:

For activation of UL (e.g., semi-persistent SRS), there may be a case where a TA value for a TAG containing the SCell which activates SP-SRS is larger than the TA value for the pTAG that includes the Pcell carrying the HARQ-ACK for the MAC CE. In this case, the time to prepare for activation is reduced by the TA difference between the TAGs (see UL1@UE in the following figure). But still, the activation takes place in slot n+8.


Another (extreme) example is following. The TA value of the pTAG is quite large. As a result, the time gap between the actual end time of UL slot n+4 and the actual beginning time of DL slot n+7 for a certain DL carrier gets beyond 3ms (see DL2@UE in the following figure). Nevertheless, the activation still takes place in slot n+8.





In short, the above discussion indicates that UE assumes MAC CE command is active 3 ms after it transmits HARQ ACK corresponding to a received PDSCH carrying the MAC CE command.
The figure below illustrates if TA = 0, gNB and UE would have the same understanding that MAC CE command is activated in slot m.
[image: ]
Figure 3: MAC CE timing with logical timing (i.e., TA is assumed to be zero).
The figure below illustrates if TA > 0 but not too large, gNB and UE would have the same understanding that MAC CE command is activated in slot m.
[image: ]
Figure 4: MAC CE timing with actual timing (i.e., TA is in general non-zero but not large).
We make the following observations on the understanding of the existing MAC CE timing relationships related to “3 ms delay”.

[bookmark: _Toc54344394][UL MAC CE] For a MAC CE command received in DL slot n, where the command is used to indicate to the UE about an action in the UL or an assumption on the uplink configuration, the UE assumes the command is activated in the UL slot (at UE side) , where TA is assumed to be zero and the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command.
[bookmark: _Toc54344395][DL MAC CE] For a MAC CE command received in DL slot n, where the command is used to indicate to the UE about an action in the DL or an assumption on the downlink configuration, the UE assumes the command is activated in the DL slot (at UE side) which is the first DL slot after the UL slot , where TA is assumed to be zero and the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command.

2.2.2	Case 1: Aligned downlink and uplink frame timing at gNB in NTN  
The main difference between NTN and terrestrial networks is that large TA value may need to be applied in NTN. In this section, we start the analysis with the assumption that downlink and uplink frame timing are aligned at gNB. 
The figure below illustrates the case in question. In this figure, UE applies a large TA. Due to this, gNB uses Koffset and k1 together to indicate the slot where the UE is scheduled to transmit HARQ-ACK. As shown in this figure, with the existing MAC CE timing relationship, gNB and UE would have the same understanding that MAC CE command is activated in slot m. So, there is no need to introduce additional Koffset for MAC CE timing relationship in this case.
[image: ]
Figure 5: MAC CE timing in the presence of large TA: Koffset is used together with k1, and gNB DL and UL timing are aligned.

[bookmark: _Toc54344396]When the gNB DL and UL timing are aligned, the existing MAC CE timing relationships related to “3 ms delay” can be reused in NTN.


2.2.3	Case 2: Unaligned downlink and uplink frame timing at gNB in NTN
In this section, we continue the analysis with the assumption that downlink and uplink frame timing are NOT aligned at gNB.
Note that this unaligned case is due to the wish of supporting UE that applies a not-too-large TA value. To compensate for this, gNB UL frame timing is delayed relative to its DL frame timing. The reverse case is of no interest to our understanding.

[bookmark: _Toc54344397]When the gNB DL and UL timing are not aligned, it is sufficient to focus on the case where the gNB UL frame timing is delayed relative to its DL frame timing.

To begin with, we look at the case where the gNB UL timing is delayed by an offset of Y ms relative to its DL timing, where Y < 3. The figure below illustrates the case in question. In this figure, UE applies a not-so-large TA. Due to this, gNB uses k1 (and possibly Koffset as well) to indicate the slot where the UE is scheduled to transmit HARQ-ACK. 
· For UL MAC CE, gNB and UE would have the same understanding that MAC CE command is activated in slot m.
· For DL MAC CE, gNB and UE would have the same understanding that MAC CE command is activated in slot m. However, the MAC CE reaction time for gNB in the DL is reduced by Y ms, i.e., the gap between the time, at which the HARQ-ACK is received, and the time, at which DL MAC CE is applied at gNB, is equal to (3 – Y) ms. This may lead to stringent gNB processing requirement, especially when the offset Y becomes close to 3 ms.
[image: ]
Figure 6: MAC CE timing in the presence of not-too-large TA: Koffset may be used together with k1, and the gNB UL timing is delayed by an offset of Y ms relative to its DL timing, where Y < 3.


[bookmark: _Toc54344398]When the gNB UL timing is delayed by an offset of Y ms relative to its DL timing, where Y < 3, the existing UL MAC CE timing relationships related to “3 ms delay” can be reused in NTN.
[bookmark: _Toc54344399]When the gNB UL timing is delayed by an offset of Y ms relative to its DL timing, where Y < 3, reusing the existing DL MAC CE timing relationships related to “3 ms delay” in NTN would require gNB to react to the received HARQ-ACK within (3 – Y) ms for the DL MAC CE activation.

Next, we look at the case where the gNB UL timing is delayed by an offset of Y ms relative to its DL timing, where Y >= 3. The figure below illustrates the case in question. In this figure, UE applies a not-so-large TA. Due to this, gNB uses k1 (and possibly Koffset as well) to indicate the slot where the UE is scheduled to transmit HARQ-ACK.
· For UL MAC CE, gNB and UE would have the same understanding that MAC CE command is activated in slot m.
· For DL MAC CE, if the DL MAC CE command is activated in slot m, it would imply that the gNB has to activate the command before the time, at which the HARQ-ACK is received. This is not aligned with the design intention that HARQ-ACK for MAC CE is used to achieve synchronization between gNB and UE. 
[image: ]
Figure 7: MAC CE timing in the presence of not-too-large TA: Koffset may be used together with k1, and the gNB UL timing is delayed by an offset of Y ms relative to its DL timing, where Y >= 3.

[bookmark: _Toc54344400]When the gNB UL timing is delayed by an offset of Y ms relative to its DL timing, where Y >= 3, the existing UL MAC CE timing relationships related to “3 ms delay” can be reused in NTN.
[bookmark: _Toc54344401]When the gNB UL timing is delayed by an offset of Y ms relative to its DL timing, where Y >= 3, reusing the existing DL MAC CE timing relationships related to “3 ms delay” in NTN would imply that the gNB has to activate the command before the time, at which the HARQ-ACK is received. This is not aligned with the design intention that HARQ-ACK for MAC CE is used to achieve synchronization between gNB and UE.

To resolve the issue, instead of using a “3 ms delay”, an extended delay of “(3 + Y) ms” (from UE perspective) can be considered in the DL MAC CE timing relationship in the case where the downlink and uplink frame timing are not aligned at gNB. The figure below provides an illustration:
· For DL MAC CE, with “3 ms delay”, the DL MAC CE command is activated in slot m. As noted above, this would imply that the gNB has to activate the command before the time, at which the HARQ-ACK is received.
· For DL MAC CE, with “(3 + Y) ms delay”, the DL MAC CE command is activated in slot m’, which is 3 ms after HARQ-ACK is received at gNB. So the application delay is still 3 ms from the gNB’s perspective, though it is (3 + Y) ms from the UE’s perspective.
[image: ]
Figure 8: MAC CE timing with “3 ms delay” vs. “(3 + Y) ms delay”.

So “(3 + Y) ms delay” resolves the issue in the case where the gNB UL timing is delayed by an offset of Y ms relative to its DL timing, where Y >= 3. 
Recall that it is noted above that when the gNB UL timing is delayed by an offset of Y ms relative to its DL timing, where Y < 3, reusing the existing DL MAC CE timing relationships related to “3 ms delay” in NTN would require gNB to react to the received HARQ-ACK within (3 – Y) ms for the DL MAC CE activation. With “(3 + Y) ms delay”, the gNB reaction time is restored back to 3 ms, i.e., the DL MAC CE command is activated 3 ms after HARQ-ACK is received at gNB.
An alternative is that downlink and uplink frame timing are assumed to be aligned at gNB in Rel-17 NTN. In other words, downlink and uplink frame timing are offset by no more than a small fraction of a slot.

[bookmark: _Toc54344410]Downlink and uplink frame timing are assumed to be aligned at gNB in Rel-17 NTN. In other words, downlink and uplink frame timing are offset by no more than a small fraction of a slot.
[bookmark: _Toc54344411][bookmark: _GoBack]If Proposal 8 is not agreeable: [DL MAC CE] When the gNB UL timing is delayed by an offset of Y ms relative to its DL timing, for a MAC CE command received in DL slot n, where the command is used to indicate to the UE about an action in the DL or an assumption on the downlink configuration, the UE assumes the command is activated in the DL slot (at UE side) which is the first DL slot after the UL slot , where TA is assumed to be zero and the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command.

2.3	Exceptional MAC CE timing relationship(s) not related to “3 ms delay”
As pointed out in Section 2.1, there are exceptional MAC CE timing relationship(s) where the general discussion related to “3 ms delay” is not applicable. These exceptional cases may be discussed case by case based on company input. 
For example, the adjustment of the uplink transmission timing corresponding to a timing advance command MAC CE is one such exception. In this case, for a timing advance MAC CE command received on uplink slot , the corresponding adjustment of the uplink transmission timing applies from the beginning of uplink slot . The timing is defined solely from UL timing perspective. It is not impacted by the large offset in the UE's DL and UL frame timing and thus enhancement is not needed.

[bookmark: _Toc54344402]Timing advance MAC CE command relationship is defined solely from UL timing perspective. It is not impacted by the large offset in the UE's DL and UL frame timing and thus enhancement is not needed.

Conclusion
In the previous sections, we discuss timing relationship enhancements for NTN. We made the following observations: 
Observation 1	According to TR 38.821, the maximum satellite beam size (edge-to-edge) can be up to 3500 km for GEO or 1000 km for LEO, resulting in maximum differential delay of up to 10.3 ms for GEO or 3.2 ms for LEO within a satellite beam.
Observation 2	According to TR 38.821, the maximum satellite beam size is also the maximum cell size, regardless of whether a cell consists of a single beam or multiple beams.
Observation 3	The cell/beam Koffset does not consider the RTT values of different UEs.
Observation 4	Maximum differential RTT in a beam/cell can be up to 204.8 slots for GEO and 51.2 slots for LEO, which are much larger than the current value ranges of K1 and K2.
Observation 5	Unless the ranges of K1 and/or K2 are significantly extended AND more bits in DCI are used to select more K1 and/or K2 values, the scheduling flexibility is much restricted.
Observation 6	It is beneficial to update cell/beam specific Koffset after initial access.
Observation 7	[UL MAC CE] For a MAC CE command received in DL slot n, where the command is used to indicate to the UE about an action in the UL or an assumption on the uplink configuration, the UE assumes the command is activated in the UL slot (at UE side) , where TA is assumed to be zero and the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command.
Observation 8	[DL MAC CE] For a MAC CE command received in DL slot n, where the command is used to indicate to the UE about an action in the DL or an assumption on the downlink configuration, the UE assumes the command is activated in the DL slot (at UE side) which is the first DL slot after the UL slot , where TA is assumed to be zero and the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command.
Observation 9	When the gNB DL and UL timing are aligned, the existing MAC CE timing relationships related to “3 ms delay” can be reused in NTN.
Observation 10	When the gNB DL and UL timing are not aligned, it is sufficient to focus on the case where the gNB UL frame timing is delayed relative to its DL frame timing.
Observation 11	When the gNB UL timing is delayed by an offset of Y ms relative to its DL timing, where Y < 3, the existing UL MAC CE timing relationships related to “3 ms delay” can be reused in NTN.
Observation 12	When the gNB UL timing is delayed by an offset of Y ms relative to its DL timing, where Y < 3, reusing the existing DL MAC CE timing relationships related to “3 ms delay” in NTN would require gNB to react to the received HARQ-ACK within (3 – Y) ms for the DL MAC CE activation.
Observation 13	When the gNB UL timing is delayed by an offset of Y ms relative to its DL timing, where Y >= 3, the existing UL MAC CE timing relationships related to “3 ms delay” can be reused in NTN.
Observation 14	When the gNB UL timing is delayed by an offset of Y ms relative to its DL timing, where Y >= 3, reusing the existing DL MAC CE timing relationships related to “3 ms delay” in NTN would imply that the gNB has to activate the command before the time, at which the HARQ-ACK is received. This is not aligned with the design intention that HARQ-ACK for MAC CE is used to achieve synchronization between gNB and UE.
Observation 15	Timing advance MAC CE command relationship is defined solely from UL timing perspective. It is not impacted by the large offset in the UE's DL and UL frame timing and thus enhancement is not needed.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The value of  used in initial access is signaled explicitly in system information.
Proposal 2	The value of  used in initial access is cell specific.
Proposal 3	The value of  can be reconfigured after RRC connection setup to be UE specific for unicast scheduling.
Proposal 4	RAN1 discussion on MAC CE timing relationships is only relevant for those MAC CEs that involve timing relationships defined in the physical layer specifications.
Proposal 5	General MAC CE timing relationship discussions are assumed to be applicable to those MAC CEs that involve “3 ms application delay” defined in the physical layer specifications.
Proposal 6	Exceptional MAC CE timing relationships where the general discussion is not applicable may be discussed case by case based on company input.
Proposal 7	RAN1 should determine suitable MAC CE activation times for e.g. TCI states and spatial relations to support beam change.
Proposal 8	Downlink and uplink frame timing are assumed to be aligned at gNB in Rel-17 NTN. In other words, downlink and uplink frame timing are offset by no more than a small fraction of a slot.
Proposal 9	If Proposal 8 is not agreeable: [DL MAC CE] When the gNB UL timing is delayed by an offset of Y ms relative to its DL timing, for a MAC CE command received in DL slot n, where the command is used to indicate to the UE about an action in the DL or an assumption on the downlink configuration, the UE assumes the command is activated in the DL slot (at UE side) which is the first DL slot after the UL slot , where TA is assumed to be zero and the UL slot indexed by  is the UL slot where UE transmits HARQ-ACK corresponding to the received PDSCH carrying the MAC CE command.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref510504022][bookmark: _Ref510814820][bookmark: _Ref174151459][bookmark: _Ref189809556]References
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