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[bookmark: _Ref54129494]Introduction
This document considers the following remaining issues on timing relationship enhancements for IoT-NTN:
· PRACH preamble timing relationship
· Relative application of timing advance and Koffset
· Timing advance
· Timing relationship enhancement to allow for GNSS measurement

PRACH preamble timing relationship 

In TS 36.213, (section 6.1.1 for eMTC and section 16.3.2 for NB-IoT) there are stipulations that govern the latest time that a UE should be ready to retransmit PRACH if it fails to receive RAR to a recent PRACH transmission in the subframe where it expected to receive the RAR. There are two cases that may be analysed differently.
PRACH Decoding Failure
This is the case in which the eNB failed to detect the PRACH for whatever reason and so did not schedule on the PDCCH a PDSCH to carry the RAR. The UE can detect this case when, having recently transmitted a PRACH, it fails to decode on the PDCCH during the duration of the RAR window scheduling for RAR scrambled by the RA-RNTI corresponding to the PRACH preamble the UE recently transmitted. In this case, the Rel16 specification says that the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe  n+m where n is the last subframe of the RAR window and m is any of the values in Table 1.
RAR Decoding Failure
[bookmark: _GoBack]This is the case in which the eNB has actually detected the PRACH preamble, scheduled a RAR on a PDCCH during the RAR window and transmitted a PDSCH carrying the RAR but the UE, having correctly decoded  the PDCCH is then unable to decode the PDSCH carrying the RAR or having decoded it finds that there is no RAR corresponding to the preamble the UE transmitted. In this case, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe n+m where n is the last subframe of the PDSCH and m is any of the values in Table 1.

Need for enhancement
The value of m depends on:
· whether it is eMTC or NB-IoT
· the eMTC coverage enhancement level

The different values of m are summarized in Table 1.
Table 1 : Rel16 Transmission delay values for preamble retransmission
	System
	m

	eMTC
	4 (CE level = 0,1)
5 (CE level = 2,3)

	NB-IoT
	12



Since PRACH is only transmitted in a preconfigured RACH occasion (RO), the stipulation of ‘no later than’ in the Rel16 specifications implies that any valid RO for repeat transmission must occur at or before subframe n+m.
Hence, the delay m no later than which the preamble is retransmitted is 4 or 5 subframes for eMTC and 12ms for NB-IoT. In some IoT operating scenarios, these delays are less than the TA. Given the NR NTN agreement that RACH preamble transmission should be time advanced (at least by the UE self-estimated TA), the retransmit timing of the preamble needs extension otherwise the UE may be expected to retransmit the preamble before it has decoded the PDCCH or the PDSCH concerned. 

Observation 1: Legacy specification stipulates the maximum retransmission timing for the PRACH preamble.

Proposal 1: PRACH preamble retransmission timing relationship needs enhancing for essential minimum functionality for eMTC and NB-IoT in IoT NTN.

Proposal 2: Enhance the PRACH preamble retransmission timing relationship by extending it by K_offset. 


Relative Application of Timing advance and Koffset 
It was agreed at RAN1#104bis-e that for enhancement of timing relationships in IoT NTN, the starting point shall be to extend the transmission time of an UL signal or channel which should be at subframe n+k in Rel16 LTE by K_offset – where n is the subframe number of the relevant DL channel and k is the Rel16 LTE transmission delay for the UL channel or signal corresponding to the DL channel. 
We need to decide whether the extension is done assuming TA = 0 or not.
· With zero TA assumption – the UL signal or channel is considered to be in subframe (n+k+K_offset) and then this is time-advanced by the actual current value of the TA during transmission. Therefore, the subframe number needed for any DM-RS or scrambling code generator initialisations for the UL transmission will be that of subframe (n+k+K_offset). When the UL and DL frames are aligned at the gNB, the transmission will arrive at the gNB in UL subframe (n+k+K_offset) and so the generation of any required DM-RS or scrambling codes at the eNB  would be the same as in Rel16. 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 DM-RS and scrambling sequences for all UL signals and channels would therefore be the same as in Rel16.
· Without zero TA assumption - the UL signal or channel is considered to be transmitted in subframe (n+k+Koffset-TA).  Therefore, the subframe number needed for any DM-RS or scrambling generator initialisations will be that of subframe (n+k+Koffset – TA). This can be thought of as extending the transmission time by Koffset only after applying the TA. In this option, the eNB would have to offset its UL subframe counter by an offset value which varies since it depends on both the TA which itself varies. The calculation of initialisation values for generators for all required DM-RS and scrambling sequences at the eNB for UL signals and channels would therefore differ in some ways from Rel16.
Observation 2: It is desirable to minimise the impact of timing relationship enhancements on eNB UL channel or signal detection and/or decoding.

Proposal 3: When enhancing relationships by K_offset extension, apply the extension before the TA.

Timing advance calculation
Timing advance has been considered in our contribution to AI8.15.2 [3]. In previous meetings, there has been little discussion of IoT-NTN specific timing advance issues. While some aspects of timing advance for IoT-NTN are common to NR NTN, other aspects are specific to IoT-NTN, based on the long number of repetitions that may be applied in IoT-NTN and the half-duplex nature of many IoT implementations. Hence, this section considers some IoT-NTN specific aspects of timing advance.
In a terrestrial network, the UE moves relatively slowly with respect to the eNB. Hence, when the UE is signaled a timing advance value, it just applies that timing advance to future UL transmissions until it receives an updated timing advance value.
Reference location
In an NTN network, and particularly for the LEO-600 case, the UE appears to move rapidly relative to the eNB due to the motion of the satellite. In such a case, the UE needs to know the reference location at which the timing advance applies. The UE can then autonomously update the timing advance (e.g. based on GNSS measurements, satellite ephemeris information and the signaled timing drift rate of the feeder link) based on the reference location. The issue is illustrated in Figure 3 and Figure 4.
Figure 3 shows a case where the signaled TA relates to a reference location at the eNB. The signaled timing advance relates to the path between the eNB and the satellite in location L0, which is the satellite location at the time  t0 that the timing advance command was transmitted. The timing advance command is actually received at the UE at time t3, at which time the satellite has moved to a new location, L2.
[image: ]
[bookmark: _Ref68556627]Figure 3 - Reference location is at eNB transmission
Figure 4 shows the case where the signaled TA relates to a reference location at the UE. The signaled timing advance relates to the path between the eNB and the satellite at location L2. The eNB would predict (based on satellite ephemeris information) the location of the satellite at time t3 and would signal the value of timing advance applicable at time t3.
At a low elevation angle, for LEO-600, the time difference between the UE and eNB reference timing is 12.8ms. For a LEO-600 satellite travelling at 7.56 km/sec, the path distance from UE to eNB increases by up to 96m in this time, equating to an additional timing advance of 0.32ms. If the UE has a different understanding of the reference location to the eNB, the error in the understanding of the reference location for the timing advance can double to 0.64ms. The error in the understanding of the reference location hence becomes a significant proportion (13.6%) of the cyclic prefix.
[image: ]
[bookmark: _Ref68556628]Figure 4 - Reference location is at UE reception
Proposal 4: A timing advance command is associated with a reference location. The reference location indicates which node (UE, eNodeB or satellite) the timing advance command refers to.

Reference Time
In addition to defining a reference location for the timing advance, it is also necessary to define a reference time for the timing advance. The reference time defines at which time instant the TA is valid. Due to the speed of the satellite, the UE will adjust the TA that is actually applied, where the adjustment accounts for the time drift between the reference time and the time at which the TA is applied.
The problem with reference time is exacerbated when long UL transmissions are considered, as shown in Figure 5. The figure shows a PDSCH transmission consisting of ‘R’ repetitions, where the PDSCH transmission conveys a timing advance command to the UE. At time t3, the satellite is at location L2 and the UE receives the first of the R repetitions. At time t4, the satellite is at location L3 and the UE receives the n’th repetition. At time t5, the satellite is at location L4 and the UE receives the R’th repetition. To which time does the timing advance command relate? The time at which the first repetition is received by the UE? The time that the last of the R repetitions is received by the UE?
For a PDSCH with 1024 repetitions, the difference in reference time between the 1st repetition and the 1024th repetition is 26ms, which is much larger than the cyclic prefix.
The reference time to which a timing advance command relates needs to be unambiguously known by the UE, either by specification or via signaling.
[image: ]
[bookmark: _Ref68558236]Figure 5 – Reference time for a UE transmission with multiple repetitions

Proposal 5: A timing advance command is associated with a reference time. The reference time indicates the time at which the timing advance is valid. The reference time of the timing advance command can be signaled to the UE either in MAC CE or PDCCH.

Allowing time for UE to perform a GNSS measurement
In RAN1#104bis_e, the feature lead summary [R1-2104083] included the following proposed conclusion:
FL Proposed Conclusion 4.7-1:  Prior to UL transmission the UE may have to perform GNSS measurements to aid UL synchronisation if its previous GNSS measurement is no longer valid. 
We agree with this conclusion. The following discussion considers the implications on UE power consumption of the UE performing GNSS measurements prior to a DRX / eDRX ON occasion “just in case” the UE needs to respond to a DL message in such an ON occasion with an UL response message. It is better for UE power consumption if the UE only performs GNSS measurements if it knows that it has to transmit in the UL.
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 6: 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.


[bookmark: _Hlk47387515]Conclusions
This document has considered the following issues related to IoT-NTN timing relationship enhancements:
· PRACH preamble timing relationship
· Relative application of timing advance and Koffset
· Timing advance
· Timing relationship enhancement to allow for GNSS measurement

The document makes the following observations:
Observation 1: Legacy specification stipulates the maximum retransmission timing for the PRACH preamble.
Observation 2: It is desirable to minimise the impact of timing relationship enhancements on eNB UL channel or signal detection and/or decoding.


The document makes the following proposals:
Proposal 1: PRACH preamble retransmission timing relationship needs enhancing for essential minimum functionality for eMTC and NB-IoT in IoT NTN.
Proposal 2: Enhance the PRACH preamble retransmission timing relationship by extending it by K_offset. 
Proposal 3: When enhancing relationships by K_offset extension, apply the extension before the TA.
Proposal 4: A timing advance command is associated with a reference location. The reference location indicates which node (UE, eNodeB or satellite) the timing advance command refers to.
Proposal 5: A timing advance command is associated with a reference time. The reference time indicates the time at which the timing advance is valid. The reference time of the timing advance command can be signaled to the UE either in MAC CE or PDCCH.
Proposal 6: 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.
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