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[bookmark: _Ref54129494]Introduction
At RAN1#104e, the following agreements were made related to timing relationships for IoT-NTN:
Agreement:
For NB-IoT over NTN, at least the following timing relationships need to be studied individually for checking whether enhancement is necessary and beneficial: 
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH 
· Timing advance command activation
· FFS: Other NB-IoT timing relationships

Agreement:
For eMTC over NTN, at least the following timing relationships can be studied individually for checking whether enhancement is necessary and beneficial:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· PDCCH order to PRACH 
· MPDCCH to scheduled uplink SPS 
· PUSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS 
· Timing advance command activation
· FFS: Other eMTC timing relationships

Agreement: 
Identify IoT-NTN configurations needing activation/de-activation via MAC CE and their timing relationships. 

Agreement:
Study the impact of large RTD (which impacts TA) on HD-FDD UL-DL timing relationships and check whether enhancement is necessary and beneficial.

[bookmark: _Hlk63428477]Agreement:
Study the impact on any timing relationships for IoT-NTN due to the need to perform GNSS measurements for time and frequency synchronization

This document considers the timing relationships for IoT-NTN.

Koffset
Basic functionality of extending timing relationship by Koffset
In NR NTN, it has been agreed that timing relationships will be adjusted by adding a Koffset value to the existing timing relationship. We think that this basic principle should also be applied to IoT-NTN.
There are some scenarios (such as LEO-600) where the roundtrip time can be accommodated within an existing timing relationship when at least one configuration of the existing timing relationship allows the roundtrip time to be accommodated. However, our preference is that the Koffset adjustment is applied to all configurations, maintaining the flexibility that was available in previous releases and ensuring a cohesive framework for how the timing relationships are adjusted. 
Extension of the timing relationship between physical channels by an amount Koffset is shown in Figure 1. The figure shows the timing relationship between PDSCH and PUCCH where a Koffset value of 6 is applied, meaning that PUCCH is transmitted by the UE 6 subframes later than in the legacy case and is received by the eNB 6 subframes later than the legacy case. The Koffset value should be chosen to allow for a reasonable processing time at the UE (or eNB) between physical channels. The Koffset value will change the timing between physical channels at the eNB, but the change in timing can be accounted for by scheduler implementation. 
[image: ]
[bookmark: _Ref61913488]Figure 1 - Timing between physical channels extended by an amount Koffset to account for very large cells
Ordering of timing advance and Koffset operations
It is currently ambiguous which of the following two sequences occurs when the timing relationship is extended by Koffset:
· Extension of the timing relationship occurs first and then timing advance is applied
· Timing advance is applied first and then the timing relationship is extended
The ordering of these operations is important as it has implications on the parameters applied to an uplink channel that is transmitted (e.g. the scrambling code and DMRS sequence for a PUCCH) by the UE.
Our understanding is that the timing relationship should first be extended and then timing advance should be applied. Hence the scrambling code and the DMRS that will be applied to the UL channel are those that are applicable in a reference subframe located in the eNB’s UL subframe timing at location n + nTN + Koffset, where nTN is the timing relationship applied in a terrestrial network (e.g. nTN = 4 for the timing between PDSCH and HARQ-ACK transmitted on PUCCH). The UE then timing advances the UL channel by the appropriate amount.
Proposal 1: The scrambling code and the DMRS that will be applied to an IoT-NTN UL channel are those that are applicable in a reference subframe located in the eNB’s UL subframe timing at location n + nTN + Koffset. The UL channel is then timing advanced.

NB-IoT timing relationships
In RAN1#104e, it was agreed to consider the following timing relationships for NB-IoT:
· NPDCCH to NPUSCH format 1 
· [bookmark: _Hlk68610510]RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH 
· Timing advance command activation
· FFS: Other NB-IoT timing relationships

Table 1 analyses the NB-IoT timing relationships that are potentially impacted by IoT-NTN.
Table 1 – Analysis of NB-IoT timing relationships for IoT-NTN
	Timing relationship
	Discussion and Proposed enhancement

	NPDCCH to NPUSCH 
	Rel-16 timing relationship
[reference: TS36.213 section 16.5.1]
For a DCI scheduled NPUSCH Format 1 wherein the transmission of the NPDCCH carrying the DCI finishes in subframe n, the UE is expected to start the transmission of the NPUSCH Format 1 after DL subframe n + k0 where: 	k0 is determined by the scheduling delay field in the DCI and for FDD 	k0 can have one of the values {8, 16, 32, 64} subframes. 
For TDD, 	k0 can have one of the values {8, 16, 32 ,40} subframes. But we are not studying TDD for IoT NTN.

IoT-NTN modification
For the higher values of k0, the time between NPDCCH and NPUSCH can be enough for LEO satellite RTTs. However, using this time to mitigate the RTT would reduce the flexibility of IoT NTN compared to terrestrial NB-IoT and also likely to increase specification complexity. 
Therefore, the timing relationship between NPDCCH and NPUSCH should be enhanced by extending the time between them by Koffset.

	RAR grant to NPUSCH 
	Rel-16 timing relationship
[reference: TS36.213 section 16.3.3]
When the UE receives a narrowband RACH response UL resource grant carried in an NPDSCH that ends in DL subframe n, it uses a scheduling delay of k0 = 12 to commence the transmission of the NPUSCH carrying Msg3.  

IoT-NTN modification
The value of k0 = 12 subframes, the time between NPDSCH carrying the RAR and NPUSCH carrying Msg3 is not enough for all possible RTTs in IoT NTN.
Therefore, the timing relationship between NPDSCH with RAR and NPUSCH carrying Msg3 should be enhanced by extending the time between them by Koffset.

		NPDSCH to HARQ-ACK on NPUSCH
	[reference: TS36.213 section 16.4.2]
A UE that finishes the reception of a NPDSCH for which a HARQ-ACK/NACK needs to be fed back on NPUSCH, is expected to start the NPUSCH transmission carrying the HARQ-ACK/NACK after the end of DL subframe n+k0’-1. 	k0 is determined by the ACK/NACK resource field in the DCI that scheduled the NPDSCH. The parameter k0’ can take any of {13, 15, 17, 18, 21} in FDD depending on (a) the subcarrier allocated for carrying the NPUSCH and (b) the subcarrier spacing used for the NPUSCH..
For TDD, 	k0’ can have one of the values {1, 3, 4 ,20} subframes. But we are not studying TDD for IoT NTN.

IoT-NTN modification
For some of the values of k0’, the time between NPDSCH and NPUSCH carrying the HARQ-ACK/NACK for the NPDSCH may be enough for some LEO satellite RTTs. However, using this time to mitigate the RTT would reduce the flexibility of IoT NTN compared to terrestrial NB-IoT and also likely to increase specification complexity.
Therefore, the timing relationship between NPDSCH and NPUSCH carrying HARQ-ACK/NACK should be enhanced by extending the time between them by Koffset.

	NPDCCH order to NPRACH 

	[reference: TS36.213 section 16.3.2]
When a UE receives an NPDCCH ending in DL subframe n and carrying a PDCCH command for a PRACH, the UE should start NPRACH transmission at any UL subframe after DL subframe n+8 in which a NPRACH resource is available.
Since the minimum gap of 8 subframes will likely be less than the TA in most IoT NTN scenarios, this gap needs to be increased.

IoT-NTN modification
The timing relationship between the NPDCCH carrying a NPDCCH order for a NPRACH and the NPRACH UL transmissions should be enhanced by extending the time between them by Koffset.

	TAC activation

	[reference: TS36.213 section 16.1.2]
For a TAC received upto the end of DL slot n, the TA should be applied for any UL transmissions following DL subframe n+12

As the total TA after applying the TA adjustment from the TAC can exceed 12 subframes in some IoT NTN scenarios, the time of TA application should be extended.

IoT-NTN modification
The timing relationship between the end of an NPDSCH carrying a TAC and the time of application of the TA error carried by the TAC to UL transmissions should be enhanced by extending by Koffset.

	
	



The analysis from Table 1 indicates that the following timing relationships should be enhanced by extending by Koffset subframes:
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH 
· Timing advance command activation

Proposal 2: The following timing relationships should be extended by Koffset subframes for NB-IoT in IoT-NTN:
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH 
· Timing advance command activation

eMTC timing relationships
In RAN1#104e, it was agreed to consider the following timing relationships for eMTC:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· PDCCH order to PRACH 
· MPDCCH to scheduled uplink SPS 
· MPDSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS 
· Timing advance command activation
· FFS: Other eMTC timing relationships

Table 2 analyses the eMTC timing relationships that are potentially impacted by IoT-NTN.
[bookmark: _Ref68631894]Table 2 – Analysis of eMTC timing relationships for IoT-NTN
	Timing relationship
	Discussion and Proposed enhancement

	MPDCCH to PUSCH
	Rel-16 timing relationship
[reference: TS36.213 section 8.1]
For an MPDCCH whose last subframe is received in subframe n, PUSCH is transmitted in subframe n+4.
The time between MPDCCH and PUSCH allows for DCI decoding, PUSCH encoding and a moderate amount of timing advance to be applied to the PUSCH.
IoT-NTN modification
The time between MPDCCH and PUSCH is insufficient to accommodate the timing advance for NTN and the timing relationship between MPDCCH and PUSCH needs to be enhanced by extending by Koffset.

	RAR grant to PUSCH
	Rel-16 timing relationship
[reference: TS36.213 section 6.1.1]
For a RAR received in a PDSCH whose last subframe is received in subframe n, PUSCH is transmitted in the next available subframe after subframe n + 6 (“k1 ≥ 6”). If the “UL delay field” is set to ‘1’, the PUSCH is delayed by a whole set of repetitions. Allowing a PUSCH transmission to be delayed allows UEs to be multiplexed in the time domain.
The time between RAR and PUSCH is sufficient to allow the UE to decode the PDSCH / RAR, encode the PUSCH and allow a moderate amount of timing advance to be applied to the PUSCH.
IoT-NTN modification
The time between RAR and PUSCH is insufficient to accommodate the timing advance for NTN. The ability to multiplex PUSCH transmissions from different UEs in the time domain should be maintained, hence we should not rely on scheduling all UEs with an “UL delay field” set to 1. Hence, the timing relationship between RAR and PUSCH needs to be enhanced by extending by Koffset. 

	PDCCH order to PRACH
	Rel-16 timing relationship
[reference: TS36.213 section 6.1.1]
For a PDCCH order whose last subframe is received in subframe n, the UE will transmit PRACH in the next available subframe after subframe n + 6 (“k2 ≥ 6”) where PRACH resource is available. 
The UE will transmit the PRACH with the currently applied timing advance.
IoT-NTN modification
Since the PRACH is transmitted with the currently applied timing advance, to maintain consistency with other timing relationships, the timing of the PRACH transmission needs to be extended by Koffset. This will ensure that the system remains causal and the PRACH is actually transmitted after the PDCCH order is received.

	MPDCCH to scheduled uplink SPS
	The same timing relationship as MPDCCH allocating PUSCH should be applied. To activate the SPS PUSCH, the UE needs to decode the MPDCCH carrying the activation DCI, encode the SPS PUSCH and apply timing advance to the SPS, as appropriate. As for a dynamic PUSCH grant, the timing relationship between the activation DCI on MPDCCH and the scheduled uplink SPS needs to be extended by Koffset.

	PDSCH to HARQ-ACK on PUCCH
	Rel-16 timing relationship
[reference: TS36.213 section 10.1 / 10.1.2]
For a PDSCH whose last subframe is transmitted in subframe n, HARQ-ACK on PUCCH is transmitted on subframe n + 4.
The time between PDSCH and PUCCH allows for PDSCH decoding, PUCCH encoding and a moderate amount of timing advance.
IoT-NTN modification
The time between PDSCH and PUCCH is insufficient to accommodate the timing advance for NTN and the timing relationship between PDSCH and HARQ-ACK on PUCCH needs to be enhanced by extending by Koffset.


	CSI reference resource timing
	Rel-16 timing relationship
[reference: TS36.213 section 7.2.3]
The CSI reference resource is a set of DL physical resources ending in subframe n-nCQI_ref, where in the most stringent case for timing, nCQI_ref can be as little as 4. The gap between the end of the CSI reference resource and the PUCCH on which CSI is transmitted is used for processing the measurements made on the CSI reference resource. The gap also allows for a moderate amount of timing advance and encoding of the CSI on the PUCCH.
IoT-NTN modification
The CSI in its current form is not expected to be very useful for IoT-NTN. For a clear sky scenario, the channel may not be fast fading and there is then little need for CSI. Even if the channel is fast fading, the propagation times mean that the CSI is likely to be out of date by the time it arrives at the eNB. There is however a need to define a timing relationship for CSI for the sake of completeness, whether it is actually used by the eNB or not. We propose that the CSI reference resource timing is increased by Koffset, such that the CSI reference resource is a set of resources ending in subframe n – nCQI_ref - Koffset
The change in channel conditions due to blockages (trees, buildings etc) is likely to be predictable (the channel SNR profile is likely to be the same for subsequent flypasts of a satellite on the same orbit). It may be more beneficial to report the channel condition profile across a flypast, rather than the CSI, which tracks the instantaneous fast fading of the channel.

	MPDCCH to aperiodic SRS
	Rel-16 timing relationship
[reference: TS36.213 section 8.2]
For an MPDCCH transmitted on subframe ‘n’ that triggers aperiodic SRS transmission, SRS is transmitted in the first subframe that satisfies n + k, k ≥ 4. Hence the minimum timing relationship is that the SRS could be transmitted in subframe n + 4 for an MPDCCH transmitted in subframe n. The gap of 4 subframes allows for decoding the DCI and a moderate amount of timing advance.
IoT-NTN modification
As for CSI, use of SRS for NTN does not seem to be useful. The SRS allow the fast fading profile of the channel to be tracked in the UL. Given the long propagation times, any decision made on the basis of measurements of the fast fading from SRS is likely to be out of date by the time an eNB actually receives a PUSCH from the UE.
However, as for CSI, it is necessary to define a timing relationship between MPDCCH and aperiodic SRS for the sake of completeness. We propose that the timing relationship is extended by Koffset, to allow the SRS to be timing advanced towards the MPDCCH.

	Timing advance command activation
	Rel-16 timing relationship
For a timing advance command received on subframe n, the adjustment of uplink transmission timing is made on subframe n+6.
IoT-NTN modification
Timing advance issues are considered in more detail in [2], where it is discussed that the UE needs to update the value in the timing advance command (TAC) based on changes in propagation time that will have occurred between a reference time for the TAC and the time at which the TAC is applied.  
[bookmark: _GoBack]Even when the TAC value is adjusted before it is applied, the UE and eNB both need to know the time at which the new adjusted-TAC will be applied. The “timing advance command activation” timing relationship needs to be extended by Koffset since the whole UL subframe structure is timing advanced. The UE is required to ensure that the new TAC is applied at subframe n + 6 + Koffset according to the eNB’s subframe timing and the UE effectively has 6 subframes to decode the MAC CE and consequently change the timing of UL transmissions.



The analysis from Table 2 indicates that the following timing relationships should be enhanced by extending by Koffset subframes:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· PDCCH order to PRACH 
· MPDCCH to scheduled uplink SPS 
· MPDSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS
· Timing advance command activation 

Proposal 3: The following timing relationships should be extended by Koffset subframes for eMTC in IoT-NTN:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· PDCCH order to PRACH 
· MPDCCH to scheduled uplink SPS 
· PDSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS
· Timing advance command activation



IoT-NTN configurations needing activation / de-activation via MAC-CE
The following agreement was made in RAN1#104e:
Agreement: 
Identify IoT-NTN configurations needing activation/de-activation via MAC CE and their timing relationships. 
There are various control elements in MAC that control functionality in eMTC and NB-IoT. Control elements related to the downlink (such as those MAC CEs that control DTX operation) do not need an enhanced timing relationship for NTN, since both the DL MAC CE and the configured DL functionality are both delayed by the same amount, as observed for physical layer timing relationships.
The timing of the UL power headroom reporting MAC CE is not critical in IoT-NTN. Due to the link budget for IoT-NTN, the UE is likely to be transmitting at maximum power and the power headroom is a minimum and constant value. In any case, if the UE does report a power headroom MAC CE, the eNB would simply understand that this is the most up to date power headroom for the UE and could schedule appropriately.
The issue with the timing advance command (TAC) is related to the time to which the TAC MAC CE relates. Given that the propagation time between the UE and eNodeB is constantly changing, the UE needs to update the timing advance applied even after receiving a TAC. The correction that the UE applies to the TAC needs to account for:
· The difference between the reference time for the TAC and the time at which the UE updates its timing advance, where the reference time indicates the time at which the timing advance command is valid.
· The reference point of the timing advance command.
· If the reference point is at the UE, the UE simply adjust its UL timing by the TAC 
· If the reference point is at the eNB, the UE adjusts its UL timing such that its UL transmissions are corrected by the TAC once they arrive at the eNodeB
As discussed in Tables 1 and 2, the “timing advance command activation” timing relationship needs to be extended by Koffset since the whole UL subframe structure is timing advanced and the UE needs time to decode the PDSCH carrying the TAC before applying the TAC to UL transmissions. 
Issues related to calculation and handling of timing advance are further discussed in [2] under agenda item 8.15.2.

Allowing time for UE to perform a GNSS measurement
A UE that is in a DRX / eDRX mode of operation monitors MPDCCH that may allocate a PDSCH with an associated PUCCH. Since the UE does not know whether it will be scheduled or not, it is wasteful of battery resources if the UE has to have a valid GNSS measurement prior to the DRX_ON location just in case the UE is scheduled with DL data. It is hence preferable if the UE can make a GNSS measurement once it has received MPDCCH / PDSCH. Allowing time to perform a GNSS measurement would delay the transmission of the PUCCH that is associated with the MPDCCH / PDSCH. 
This scenario is illustrated in Figure 2. The figure shows that at DRX_ON period “A”, the UE is not allocated MPDCCH / PDSCH. The UE did not make a GNSS measurement prior to “A” as it did not know whether it would be scheduled or not and by not making a GNSS measurement “just in case”, the UE did not unnecessarily use power. At DRX_ON period “B”, the UE is actually allocated PDSCH for which there is an associated PUCCH. Since the UE does not have a recent GNSS measurement, the UE delays transmission of the PUCCH by a time DT2 in order to make a GNSS measurement. Based on the GNSS measurement, the UE is able to correctly timing advance and frequency compensate the PUCCH transmission.
This figure shows the power saving that is possible in the power consumption profile at the base of the figure: the UE does not need to expend power making GNSS measurements before DRX_ON periods, such as “A” and “C” in which it is not scheduled.
[image: ]
[bookmark: _Ref68634614]Figure 2 - UE delays PUCCH transmission to perform GNSS measurement
Hence, when the UE is scheduled and it does not have a valid GNSS measurement, the UE should be able to extend the timing relationship between PDSCH and PUCCH by a time that is sufficient to perform a GNSS measurement.
Proposal 4: When the UE is scheduled PDSCH and does not have a valid GNSS measurement, the timing relationship between PDSCH and PUCCH is extended by a time that is sufficient to perform a GNSS measurement.
Analysis of the power saving gain from only performing GNSS measurements when the UE actually has to wake up is dependent on the assumptions related to the link budget (to determine the length of the MPDCCH, PDSCH and PUCCH transmissions illustrated in Figure 2. It is proposed that the following value of GNSS power consumption and time to fix are used:
· Time to first fix:
· Hot start (when GNSS used within 4 hours of last TTFF): 1 second
· Warm start (when GNSS last used longer than 4 hours ago): 5 seconds
· Power consumption: 40mW


Conclusions
This document has considered the timing relationships for IoT-NTN. The following proposals are made in this document:
Proposal 1: The scrambling code and the DMRS that will be applied to an IoT-NTN UL channel are those that are applicable in a reference subframe located in the eNB’s UL subframe timing at location n + nTN + Koffset. The UL channel is then timing advanced.
Proposal 2: The following timing relationships should be extended by Koffset subframes for NB-IoT in IoT-NTN:
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1 
· NPDSCH to HARQ-ACK on NPUSCH format 2 
· NPDCCH order to NPRACH 
· Timing advance command activation

Proposal 3: The following timing relationships should be extended by Koffset subframes for eMTC in IoT-NTN:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· PDCCH order to PRACH 
· MPDCCH to scheduled uplink SPS 
· PDSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS
· Timing advance command activation

Proposal 4: When the UE is scheduled PDSCH and does not have a valid GNSS measurement, the timing relationship between PDSCH and PUCCH is extended by a time that is sufficient to perform a GNSS measurement.

References
[1] [bookmark: _Ref40204599]RP-193235. “Study on NB-IoT / eMTC support for Non-Terrestrial Network”. RANP#86. Sitges, Spain. December 2019.
[2] [bookmark: _Ref68631617]R1-2103319. “Time and frequency synchronisation enhancements for IoT-NTN”. Sony. RAN1#104bis_e. April 2021.


image1.jpeg
eNB DL

UEDL

UEUL

eNB UL

PDSCH

prop.

PDSCH
™

! T T

| 1 PUCCH

) )
| 1 < T
i | Kot
: . PUCCH
! | | >
- >« > | Kopset =6 :
1





image2.jpeg
Communications activity

A C
DRX_ON DRX_ON
P T, T
I I
| I DRX_cycle — ] !
X_cycle
i, P %
| | |
* \
,
PDCCH ~ PDSCH
Where PUCCH would BUcCH
GNSS activity have been transmitted
Determine GNSS location
Power consumption profile
N——
sleep PDCCH ! sleep GNSS  PUCCH sleep PDCCH

sleep PDCCH sleep o




