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Introduction
In meeting RAN1 #109-e, an LS was sent to RAN4 regarding the UL segmented transmission for UL synchronization for IoT NTN. In this LS, RAN1 asks RAN4 to take into account some agreements, which are summarized below: 
	Agreement in 8.14 for IoT NTN

UE pre-compensation per segment of NPUSCH for NB-IoT and PUSCH/PUCCH for eMTC is applied from one segment to the next segment by using one or more of the following methods if supported by UE implementation
       1. UE may drop / Insert samples / Puncture OFDM symbols  
       2. UE may blank subframes / slots where UE skip a slot or a subframe
The total transmission time is not changed
UE autonomously Drop / insert samples / Puncture OFDM symbols or Blank subframes / slots where UE drops a subframe / slot
The method used for the UE pre-compensation is known to the eNB by a single UE capability 
· UE Blank subframes / slots where UE skip a slot or a subframe (slot is based on Sub Carrier Spacing)
FFS Details of method(s) to drop / insert samples, blanking subframes / slots (slot is based on Sub Carrier Spacing) 

The single UE capability that governs UE behavior w.r.t gaps between segments for PUSCH, PUCCH and NPUSCH, when the UE performs segmented pre-compensation, is as follows:
When a single capability is signalled: UE drops one or more of the following durations of uplink transmission between segments (indicated by the capability): 
1 slot (applicable to eMTC)
1 subframe (applicable to eMTC)
1 slot (applicable to NB-IoT)
2 slots (applicable to NB-IoT)
1 symbol (applicable to both eMTC and NB-IoT) 
UE follows legacy behaviour at slot boundaries due to TA adjustment
When capability is NOT signalled: UE follows legacy behaviour at slot boundaries due to TA adjustment

Agreement in 8.14 for IoT NTN

The TP#1, TP#2, and TP#3 in R1-2203388 with revisions as in RAN1 agreement above are copied below for convenience.

<TP1, Section 5.3.4, TS 36.211>
For BL/CE UEs communicating over NTN, for PUSCH transmission, for frame structure type 1, after a transmission duration of  time units (which may include subframes that are not BL/CE UL subframes), a transmission gap of time units shall be counted for the PUSCH resource mapping but not used for transmission of the PUSCH, according to the single UE capability ue-CE-NeedSegmentedPrecompensationGaps, as specified in 3GPP TS 36.331. The quantity  is provided by higher layers, and the quantity of  is configured by the higher layers based on the UE capability if signalled.
<END TP1>
…

<TP2, Section 5.4.3, TS 36.211>
For BL/CE UEs communicating over NTN, for PUCCH transmission, for frame structure type 1, after a transmission duration of  time units (which may include subframes that are not BL/CE UL subframes), a transmission gap of  time units shall be counted for the PUCCH resource mapping but not used for transmission of the PUCCH, according to the single UE capability ue-CE-NeedSegmentedPrecompensationGaps, as specified in 3GPP TS 36.331. The quantity  is provided by higher layers, and the quantity  is configured by the higher layers based on the UE capability if signalled.
<END TP2>
…

<TP3, Section 10.1.3.6, TS 36.211>
For a UE communicating over NTN, after transmissions (and/or postponements due to NPRACH) of  time units, for frame structure type 1, a transmission gap of  time units shall be counted for the NPUSCH resource mapping but not used for transmission of the NPUSCH according to the UE capability ue-NBIOT-NeedSegmentedPrecompensationGaps , as specified in 3GPP TS 36.331. The quantity  is provided by higher layers,  and the quantity of  is configured by the higher layers based on the UE capability if signalled.
<END TP3>
…




In this document, Nokia’s views regarding the UL segmented transmission for UL Synchronization are presented.
Discussion
As in terrestrial networks, repetitions of eMTC / NB-IoT UL transmissions can be configured in NTN. However, unlike in terrestrial deployments, in non-terrestrial deployments the position of the eNB can change a lot within the repetitions causing a substantial variation of the necessary timing advance between the repetitions, as shown in Nokia’s contribution in [2]. The figure below shows the timing advance (TA) change as a function of the satellite’s elevation angle.
[image: ] 
RAN1 has defined a method to handle the TA variation, in which the UE segments UL transmissions and pre-compensate the TA for each segment. As is evident from the above RAN1 agreements, the network is responsible for configuring the segment duration applied by the UE.

In the cases in which the TA adjustment causes the different UL transmissions to overlap in time, RAN1 specified that, depending on the UE capability, the UE is allowed to drop one or more of the following durations of uplink transmissions:

For eMTC: 1 slot, 1 subframe or 1 symbol
For NB-IoT: 1 slot, 2 slots or 1 symbol. 
For both: UE follows legacy behavior at slot boundaries due to TA adjustment. 

In the cases in which the TA adjustment creates a gap between the transmission of segments, the UE is allowed to blank subframes or slots. 
The two cases of dropping and gap insertion are illustrated in Figure 1. When the TA is shorter for segment B than segment A, the UE inserts a gap after finishing the transmission of segment A, but before starting the transmission of segment B. In the second scenario of Figure 1 the TA of segment D is longer than the TA of segment C. Therefore, the UE will finish the transmission of segment C and then proceed with transmission of segment D where a part is dropped to account for the longer TA.
[image: ]
[bookmark: _Ref109995775]Figure 1 Timing advance change and corresponding use of uplink segments.

One important aspect of the TA pre-compensation is that it should be known by both network and UE the amount of pre-compensation to be used in a given UL transmission (for PUCCH and PUSCH). From the network perspective, it is important to know exactly how much of the segment is being dropped/ blanked, so that the UL transmission is decoded accordingly at the gNB. This is feasible, when the UE is RRC Connected, i.e. the requirement applies to PUSCH (NPUSCH for NB-IoT) and PUCCH. However, for PRACH (NPRACH for NB-IoT), the network is not aware of the UE capabilities and the UE’s Random Access attempt. Therefore, the UE can be configured with the segment duration via System Information Broadcast, but it will not be possible to provide the UE-specific configuration of the dropping method.  

The current RRM requirements define the UE shall ensure the transmission timing error is within the limit at the first transmission of a repetition period. 

	7.20.2	Requirements


The UE initial transmission timing error shall be less than or equal to ±Te where the timing error limit value Te is specified in Table 7.20.2-1. This requirement applies when it is the first transmission in a DRX cycle or the first transmission in a segment (R>1) for NPUSCH and NPRACH, the first transmission after an uplink transmission gap in a repetition period (R>1) for NPUSCH and NPRACH transmission, or it is the transmission on PUR. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the serving NB-IoT cell minus . The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the serving NB-IoT cell. NTA_Ref for NPRACH is defined as 0.  (in Ts units) for other channels is the difference between UE transmission timing and the Downlink timing immediately after when the last timing advance in clause 7.22 was applied. NTA_Ref for other channels is not changed until next timing advance is received.
Table 7.20.2-1: Te Timing Error Limit
	Downlink Bandwidth (MHz)
	Te_

	0.18
	80*TS

	Note 1:	TS is the basic timing unit defined in TS 36.211



When it is not the first transmission in a DRX cycle or there is no DRX cycle, and when it is the transmission for NPUSCH the UE shall, when no repetitions are configured on the uplink or the repetition period is R=1, be capable of changing the transmission timing according to the received downlink frame of the serving NB-IoT cell except when the timing advance in clause 7.22 is applied such that the UE transmission timing error shall be less than or equal to ±Te, where the timing error limit value Te is specified in Table 7.20.2-1.
When no repetition period is configured, or the configured repetition period is R=1, all adjustments made to the UE uplink timing shall follow these rules:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be 58.33*TS seconds.
2)	The minimum aggregate adjustment rate shall be 7*TS per second.
3)	The maximum aggregate adjustment rate shall be 58.33*TS per 200ms.
When a repetition period is configured on the uplink for which R>1, the UE shall not adjust the uplink transmission timing autonomously during an ongoing repetition period other than at initial transmission as defined above.

…




Based on the RAN1 agreement to use segmented repetitions, the RRM requirement could be updated as follows “This requirement applies when it is ... the first transmission in a segment.“. As noted above, the requirement would apply to PUSCH, PUCCH and PRACH for eMTC and to NPUSCH and NPRACH for NB-IoT. 

 insert samples/ puncture OFDM symbols, slots, subframes in the overlapping parts of the segments. In cases in which there is a gap for the transmission of the different segments, the UE is allowed to blank subframes or slots. In both cases, the total transmission time is not changed. In the RAN1 LS, RAN1 asked RAN4 to prioritize the UL segmented transmission for UL synchronization for IoT NTN work. 

In terrestrial eMTC / NB-IoT, the RAN4 requirements are defined in terms of the TA 

There is a performance degradation caused by the UE being allowed to drop part of the overlapping segments, which needs to be considered in the demodulation requirements. The performance degradation will be particularly high if the UE drops the same part of the segment at every new segment, for example always dropping the first symbol of the first repetition. If the segment duration is short it means the network has limited possibilities to recover from the reduced number of repetitions of that particular symbol. In terms of core RRM requirements, it is important to investigate whether/how the Timing advance and Timing requirements will be impacted by the segmented transmissions. 
RAN4 to prioritize the definition of requirements for UE transmit timing, UE timer accuracy and timing advance for eMTC/NB-IoT devices, considering the impact of UL segmented transmission for UL synchronization. 
The TN eMTC / NB-IoT UL timing requirements do not allow the timing adjustment during a UL repetition period. 
 Proposal 1: RAN4 to define requirements considering timing adjustment during a UL repetition period.

Another change introduced in IoT NTN is the transmission reference point which considers the eNodeB location, but also depends on the satellite position. The current requirements for IoT consider that the initial transmit timing control requirement shall be the downlink timing of the serving NB-IoT cell minus . This needs to be updated considering RAN1 specification in TS 36.211 and TS 36.213, which define the UE also accounts for the TA common and UE-specific TA adjustment. The former is obtained via satellite assistance information in SIB31, while the latter is based on satellite ephemeris (from SIB31) and UE location information: 
	TS 36.211
[bookmark: _Toc454818106]8.1	Uplink-downlink frame timing

Transmission of the uplink radio frame number  from the UE shall start  seconds before the start of the corresponding downlink radio frame at the UE.



Figure 8.1-1: Uplink-downlink timing relation


Except for the cases mentioned in Table 8.1-1, Table 8.1-2 and Table 8.1-3, the range of  is: .


For frame structure type 1  and for frame structure type 2  unless stated otherwise in [4]. Note that not all slots in a radio frame may be transmitted. One example hereof is TDD, where only a subset of the slots in a radio frame is transmitted.

 is defined in different ranges depending on the UE configuration according to Table 8.1-1, Table 8.1-2 and Table 8.1-3. In case of subslot based transmission (Table 8.1-2 and Table 8.1-3), the UE is configured by higher layer signalling a processing timeline and an associated range of timing advance.
The quantity  is derived from the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation if configured (see Clause 4.2.3 in TS 36.213 [4]), otherwise .
[bookmark: _Hlk86996389]The quantity  is computed by the UE based on UE position and serving satellite-ephemeris-related higher-layers parameters if configured, otherwise .

TS 36.213
[bookmark: _Toc415085423]4.2.3	Transmission timing adjustments
...
For a BL/CE UE in a NTN serving cell, using serving satellite higher-layer ephemeris parameters, if configured, the BL/CE UE determines  (defined in [3]) using the serving satellite position and its own position to pre-compensate the two-way transmission delay on the service link. To pre-compensate the two-way transmission delay between the uplink time synchronization reference point and the serving satellite, the BL/CE UE determines (defined in [3]) based on one-way propagation delay  which can be obtained as:

where , , and  are given by the higher layer parameters nta-Common, nta-CommonDrift, and nta-CommonDriftVariation respectively, and  is the epoch time given by the higher layer parameter epochTime.  provides a distance at time  between the serving satellite and the uplink time synchronization reference point divided by the speed of light. The uplink time synchronization reference point is the point where DL and UL are frame aligned with an offset given by .



RAN4 to define the UE transmit reference point as:  .

The TS 36.133 defines “UE initial transmission timing error shall be less than or equal to ±Te”. This leaves some freedom for UE implementation, but when considering the use of uplink segments further clarification is needed. The reason is that the possible segment duration depends on how large timing advance change can be tolerated during the segment. Figure 2 illustrates three different cases, where the initial transmission timing error of the UE complies with the current specification, but the possible segment duration is different. The segment duration is controlled by the network, while the initial transmission timing error is controlled by the UE. According to the original WID for RAN1/2/3 [3] the UE is equipped with GNSS:
	GNSS capability in the UE is taken as a working assumption for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.


This enables the UE to perform the uplink pre-compensation, but it is not clear if the UE can utilize the GNSS timing information to control the initial transmission error with higher accuracy than what the current specification defines.
It is also worth noting that the current RAN4 specification does not define the UE transmission timing error at the end of a transmission. One reasonable assumption for the network to ensure the sufficient decoding performance, could be that the transmission timing error at the end of the segment does not exceed the ±Te, while another option may be a certain ratio of the cycle prefix (e.g. half the cyclic prefix).
The three cases of Figure 2 are
Case A: The UE attempts to adjust the initial transmission timing error to be as close to 0 s as possible. The network-controlled segment duration may be defined such that the transmission timing at the end of the segment is causing an error of Te (due to the timing advance change).
Case B: The UE attempts to adjust the initial transmission timing error to be -0.5*Te. Using the same segment duration as in case A, this means the UE stops the transmission when the timing advance change causes an error of 0.5*Te.
Case C: The UE attempts to adjust the initial transmission timing error to be -Te. Assuming the network-controlled segment duration is configured similarly to case A, i.e. to stop when the transmission timing error is Te, the network-controlled segment duration can be twice as long as in cases A and B.
[image: ]
[bookmark: _Ref109996156]Figure 2 TA reference point for uplink segments. The cases assume the timing drift is only caused by satellite movement, i.e. no further UE timing drift is accounted for besides the initial transmission timing error
It can be observed that case B is a conservative approach, which means the absolute error at the eNB receiver is smaller and possibly leading to better decoding performance. Furthermore, case C, which utilizes the limits of the transmission timing error, enables the segment duration to be twice as long as cases A and B. Therefore, if the network assumes the UE is applying the approach of case C, but the UE in reality is using a different approach (of case A or B), the UE will transmit with a timing error, which exceeds the initial transmission timing error requirement, for the second half of the segment. This may be problematic for the eNB receiver.
RAN4 to discuss the impact of initial transmission timing error on segment duration and decoding performance.
Conclusions
In this document, Nokia’s views regarding the LS received from RAN1 are discussed. The following observations and proposals are made:
1. RAN4 to prioritize the definition of requirements for UE transmit timing, UE timer accuracy and timing advance for eMTC/NB-IoT devices, considering the impact of UL segmented transmission for UL synchronization. 
1. The TN eMTC / NB-IoT UL timing requirements do not allow the timing adjustment during a UL repetition period. 
 Proposal 3: RAN4 to define requirements considering timing adjustment during a UL repetition period.
RAN4 to define the UE transmit reference point as:  .
RAN4 to discuss the impact of initial transmission timing error on segment duration and decoding performance.
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