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[bookmark: _Ref54129494]Introduction
At RAN#92e, a work item was approved for IoT NTN [1]. In this work item description, RAN1 is charged with specifying the following IoT NTN specific timing relationships enhancements according to Section 8 in TR 36.763 [2]:
-	Timing relationships for NB-IoT / eMTC: as listed in Section 6.6.3 in TR 36.763 
-	UL scheduling for FDD-HD: Use of UE-specific TA and/or K_offset to avoid UL-DL collisions in FDD-HD
-	Signalling aspects in UE-specific TA maintenance and reporting, techniques to reduce the signalling load and determination of the UE-specific TA. 
The contents of Section 6.6.3 of TR 36.763[2] are as follows:The following NB-IoT timing relationships need enhancing for essential minimum functionality of IoT NTN:
-	NPDCCH to NPUSCH format 1 
-	RAR grant to NPUSCH format 1
-	NPDSCH to HARQ-ACK on NPUSCH format 2
-	Timing advance command activation
-	FFS: NPDCCH order to NPRACH
-	FFS: Other NB-IoT timing relationships

The following eMTC timing relationships need enhancing for essential minimum functionality of IoT NTN:
-	MPDCCH to PUSCH 
-	RAR grant to PUSCH 
-	MPDCCH to scheduled uplink SPS 
-	PDSCH to HARQ-ACK on PUCCH 
-	CSI reference resource timing 
-	MPDCCH to aperiodic SRS 
-	Timing advance command activation
-	FFS: MPDCCH order to PRACH
-	FFS: Other eMTC timing relationships

The enhancement based on extending the timing relationship, by e.g. Koffset, adopted in NR NTN should be the starting point for enhancement of eMTC timing relationships in IoT NTN. Details can be further discussed considering IoT NTN.


Considering that the enhancements to the listed timing relationships should have as starting point the extension by Koffset adopted in NR NTN, we discuss in this contribution the details of such enhancement for each of the timing relationships.
[bookmark: _Hlk63428477]Extension by Koffset
Basic functionality of extending timing relationships 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. This basic principle is also the starting point for timing relationship enhancements in IoT-NTN.
In the timing relationship enhancements for IoT NTN, the transmission time of an UL signal or channel which should be at subframe n + nTN in legacy NB-IoT or eMTC will be extended by Koffset – where n is the subframe number of the relevant DL channel and nTN is the transmission delay for the UL channel or signal that follows reception on the DL channel. The parameter nTN is specified in all timing relationships to allow processing time for the UE for example to decode the DL and generate the UL channel or signal for transmission. 
A question arises whether for each timing relationship, the parameter nTN should be subsumed into the value of Koffset. We think not. We provide details of this for each timing relationship needing enhancement in sections 3 and 4 for NB-IoT and eMTC, respectively..
PDCCH ordered RACH
For both NB-IoT and eMTC, the WID retains as for future study the enhancement of the MPDCCH order to PRACH timing relationship. For NB-IoT for example, section 16.3.2 of TS36.213 describes this timing relationship as follows:When a UE receives an NPDCCH ending in DL subframe n and carrying a PDCCH command for a NPRACH, the UE should start NPRACH transmission at any UL subframe after DL subframe n+8 in which a NPRACH resource is available.

According to this, if NPRACH resource is available at the time of DL subframe n+9, the UE can start NPRACH transmission. However, in IoT NTN, NPRACH transmissions have to be time advanced by the current TA. This is illustrated in Figure 1.


Figure 1: NPDCCH ordered NPRACH transmission
In Figure 1, the eNB transmits an NPDCCH with an NPRACH order that is received at the UE after 6 subframes in UE DL subframe n. The RTT = TA is therefore 12 subframes in duration. According to section 16.3.2 of TS36.213, if the UE finds a RACH occasion from any subframe after n+8 such as subframe n+9, it can transmit an NPRACH. In Figure 1, the UE does find a RACH occasion starting from subframe n+9. The preamble is shown as 3 subframes long so as to fit within the figure. Since in IoT NTN, RACH transmissions have to be time advanced, applying the TA = 12 subframes means that the NPRACH has to be transmitted starting 3 subframes before the NPDCCH was received. As this is not possible, we think the FFS should be removed and so we have included enhancement of the timing relationships of NPDCCH ordered NPRACH for NB-IoT and MPDCCH ordered PRACH for eMTC in our analysis and proposals.
Ordering of timing advance and Koffset extension 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
This issue was discussed during the SI but a consensus was not reached. However, the following conclusion was agreed and recorded in TR 36.763[2]:It was concluded that the descriptions of timing relationships for eMTC and NB-IoT in Rel-16 do not take the TA into account in general.
Note: Exceptions to this may be identified as work on eMTC and NB-IoT over NTN progresses further.


The ordering of these operations is important as it has implications on the parameters applied to an uplink channel that is transmitted (e.g. any scrambling codes and DMRS sequence for a PUCCH or PUSCH) by the UE. In many cases, the scrambling codes used in subframe scrambling operations and the DMRS sequence used for a PUCCH are dependent on the subframe number in which the UL transmission is carried. We think the UL signal or channel should be considered as transmitted in subframe (n + nTN + Koffset) where nTN is the number of subframes required in the terrestrial network between receiving on the DL and transmitting on the UL and then this transmission is time-advanced by the actual current value of the TA. Therefore, any DMRS or scrambling code generator initialisations etc. needed for the UL transmission and for which the generated values are dependent on the subframe number in which it is transmitted will be generated for subframe (n + nTN + Koffset). When the UL and DL subframes are aligned at the eNB, the transmission will arrive at the eNB in UL subframe (n + nTN + Koffset) and so the generation of any required DMRS or scrambling codes at the eNB would be the same as in legacy LTE. When the UL and DL frames are not aligned at the eNB, the eNB would simply offset its UL subframe counter by a fixed offset corresponding to the difference in UL to DL frame timing. Therefore, in both cases, the calculation of initialisation values for the generators of required DMRS and scrambling sequences for all UL signals and channels would therefore be the same as in legacy specification. This should minimise specification and implementation effort. 
Proposal 1: The scrambling code and the DMRS that will be applied to an IoT-NTN UL channel are those that are applicable to the eNB’s UL subframe ( n + nTN + Koffset). 


NB-IoT timing relationships
In [1], the timing relationships for NB-IoT to be enhanced and so needing specification are:
· NPDCCH to NPUSCH format 1 
· RAR grant to NPUSCH format 1
· NPDSCH to HARQ-ACK on NPUSCH format 2
· Timing advance command activation
· FFS: NPDCCH order to NPRACH
· FFS: Other NB-IoT timing relationships

Table 1 lists these NB-IoT timing relationships and suggests the modifications required for IoT-NTN.
Table 1 – Modifications of NB-IoT timing relationships for IoT-NTN
	Timing relationship
	Discussion and Proposed enhancement

	NPDCCH to NPUSCH Format 1
	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. 
IoT-NTN modification
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 + Koffset 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; and Koffset is an upper layer parameter.

	RAR grant to NPUSCH Format 1
	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
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 + Koffset  (where k0 = 12 and Koffset is set by the upper layer) to commence the transmission of the NPUSCH carrying Msg3.  

		NPDSCH to HARQ-ACK on NPUSCH Format 2
	[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 considering TDD for IoT NTN.
IoT-NTN modification
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 + Koffset. 	 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. Koffset   is set by upper layers.

	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
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+ Koffset in which a NPRACH resource is available.

	TAC activation

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



If the UE knows the value of Koffset, for example, Koffset is set by upper layers, we can make the following proposals for enhancement of the identified timing relationships of NB-IoT for IoT NTN.
Proposal 2: 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 + Koffset and Koffset is an upper layer parameter.

Proposal 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 + Koffset  (where k0 is the Rel-16 value) to commence the transmission of the NPUSCH carrying Msg3.  

Proposal 4: 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 + Koffset. 	 k0 is determined as per Rel-16.

Proposal 5: 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+ Koffset in which a NPRACH resource is available.

Proposal 6: For a TAC received up to the end of DL slot n, the TA should be applied for any UL transmissions following DL subframe n+12+Koffset.


eMTC timing relationships
In [2], the timing relationships for eMTC to be enhanced and so needing specification are:
· MPDCCH to PUSCH 
· RAR grant to PUSCH 
· MPDCCH to scheduled uplink SPS 
· MPDSCH to HARQ-ACK on PUCCH 
· CSI reference resource timing 
· MPDCCH to aperiodic SRS 
· Timing advance command activation
· 	FFS: MPDCCH order to PRACH
· FFS: Other eMTC timing relationships

Table 2 lists these eMTC timing relationships and suggests the modifications required for IoT-NTN.

Table 2 – Modifications of eMTC timing relationships for IoT-NTN
	Timing relationship
	Discussion and Proposed enhancement

	MPDCCH to PUSCH
	Rel-16 timing relationship
[reference: TS36.213 section 8.0]
the UE shall upon detection on a given serving cell of a PDCCH/EPDCCH with DCI format 0/4 and/or a PHICH transmission in subframe n intended for the UE, perform a corresponding PUSCH transmission in subframe n+ kp according to the PDCCH/EPDCCH and PHICH information where kp = 3  if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI is in the UE-specific search space,  otherwise kp = 4. .
IoT-NTN modification
the UE shall upon detection on a given serving cell of a PDCCH/EPDCCH with DCI format 0/4 and/or a PHICH transmission in subframe n intended for the UE, perform a corresponding PUSCH transmission in subframe n+ kp + Koffset according to the PDCCH/EPDCCH and PHICH information where kp = 3  if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI is in the UE-specific search space,  otherwise kp = 4. .

	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.
IoT-NTN modification
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+ Koffset. (“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.

	MPDCCH to scheduled uplink SPS
	The UE can transmit an SPS PUSCH in any SPS PUSCH instance following reception of an activation DCI. The transmitted SPS PUSCH needs to arrive at the eNB in the SPS resources (slots, PRBs etc.) that were indicated in the SPS configuration. The UE does not need to transmit SPS PUSCH in the SPS PUSCH instance immediately following the activation DCI.

	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.
IoT-NTN modification
For a PDSCH whose last subframe is transmitted in subframe n, HARQ-ACK on PUCCH is transmitted on subframe n + 4+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
IoT-NTN modification
The CSI reference resource is a set of DL physical resources ending in subframe n – nCQI_ref + Koffset, where in the most stringent case for timing, nCQI_ref can be as little as 4. 

	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
For an MPDCCH transmitted on subframe ‘n’ that triggers aperiodic SRS transmission, SRS is transmitted in the first subframe that satisfies n + k + Koffset, k ≥ 4. 

	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
For a timing advance command received on subframe n, the adjustment of uplink transmission timing is made on subframe n + 6 + 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
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 + Koffset (“k2 ≥ 6”) where PRACH resource is available. 



If the UE knows the value of Koffset, for example, Koffset is set by upper layers, we can make the following proposals for enhancement of the identified timing relationships of eMTC for IoT NTN.
Proposal 7: the UE shall upon detection on a given serving cell of a PDCCH/EPDCCH with DCI format 0/4 and/or a PHICH transmission in subframe n intended for the UE, perform a corresponding PUSCH transmission in subframe (n+kp+Koffset) according to the PDCCH/EPDCCH and PHICH information where kp = 3  if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI is in the UE-specific search space,  otherwise kp = 4.

Proposal 8: 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+ Koffset. 

Proposal 9: For a PDSCH whose last subframe is transmitted in subframe n, HARQ-ACK on PUCCH is transmitted on subframe n + 4+Koffset.

Proposal 10:  The CSI reference resource is a set of DL physical resources ending in subframe n – nCQI_ref + Koffset, where in the most stringent case for timing, nCQI_ref can be as little as 4. 

Proposal 11: For an MPDCCH transmitted on subframe ‘n’ that triggers aperiodic SRS transmission, SRS is transmitted in the first subframe that satisfies n + k + Koffset, k is the Rel-16 value.

Proposal 12: For a timing advance command received on subframe n, the adjustment of uplink transmission timing is made on subframe n + 6 + Koffset.

Proposal 13: 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 + Koffset (“k2 ≥ 6”) where PRACH resource is available.

Conclusions
This document has considered the specification of the timing relationships for IoT-NTN retained for modification in TR36.763[2]. We also considered the order in which timing relationship modification by extension and TA adjustment are applied to UL transmissions in 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 to the eNB’s UL subframe ( n + nTN + Koffset).

Proposal 2: 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 + Koffset

Proposal 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 + Koffset  (where k0 = 12) to commence the transmission of the NPUSCH carrying Msg3.  

Proposal 4: 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 + Koffset. 	 k0 is determined by the ACK/NACK resource field in the DCI that scheduled the NPDSCH.

Proposal 5: 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+ Koffset in which a NPRACH resource is available.

Proposal 6: For a TAC received up to the end of DL slot n, the TA should be applied for any UL transmissions following DL subframe n+12+Koffset.

Proposal 7: For an MPDCCH whose last subframe is received in subframe n, PUSCH is transmitted in subframe n+4+ Koffset.

Proposal 8: 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+ Koffset. (“k1 ≥ 6”).

Proposal 9: For a PDSCH whose last subframe is transmitted in subframe n, HARQ-ACK on PUCCH is transmitted on subframe n + 4+Koffset.

Proposal 10:  The CSI reference resource is a set of DL physical resources ending in subframe n – nCQI_ref - Koffset, where in the most stringent case for timing, nCQI_ref can be as little as 4. 

Proposal 11: For an MPDCCH transmitted on subframe ‘n’ that triggers aperiodic SRS transmission, SRS is transmitted in the first subframe that satisfies n + k + Koffset, k is the Rel-16 value.

Proposal 12: For a timing advance command received on subframe n, the adjustment of uplink transmission timing is made on subframe n + 6 + Koffset.

Proposal 13: 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 + Koffset (“k2 ≥ 6”) where PRACH resource is available.
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