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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80 a new SI on solutions evaluation for NR to support Non-Terrestrial Network was approved [1]. The objectives of the SI for physical-layer are reported as follows. 
Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 [2] and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.

The most significant difference of Non-Terrestrial Network (NTN) compared to terrestrial network is the large round-trip propagation delay (up to hundreds of milliseconds for GEO) and delay variation rate due to the fast motion of satellites in case of LEO. To support NTN in NR, the above two factors need to be studied. In this contribution, we discuss some key aspects regarding the timing advance and the timing issues in RACH procedures.

[bookmark: _Ref129681832]Discussion
Consideration on timing advance
Timing advance is the time offset between the start of a received downlink subframe and a transmitted uplink subframe. A UE has to apply this time offset for UL transmissions so that the UL reception from different UEs are synchronized at the gNB within the accuracy of cyclic prefix (CP) length. 
Timing advance establishment
During initial access, the gNB estimates the initial timing advance from Physical Random Access Channel (PRACH) sent by UE and the UE obtains the time advance command (TAC) in random access response. In NR, the TAC indicates the maximum index value of TA=3846, where the granularity of TA for subcarrier spacing [image: ] kHz is [image: ] with the time unit  [image: ] where [image: ] Hz and [image: ] (Tc=0.509ⅹ10-6ms). For SCS of 15 KHz, up to 2ms timing advance can be indicated corresponding to 300 km cell radius and this value is scaled down with the increase of SCS [3]. 
Observation 1: The range of the current TA indication in initial access is scaled down for larger subcarrier spacing which may not be sufficient to indicate the differential delay for NTN at high frequency bands.
Timing advance adjustment
The UE shall have the capability to follow the frame timing change of the serving gNB. A TA adjustment of the NTA will be indicated by the TAC by index value of TA=0,1,2,…,63. The new TA is calculated as [image: ][4]. A maximum TA adjustment of [image: ] can be indicated. Upon receiving a TAC in time slot n, UE shall adjust the timing from the beginning of slot n+6 [5].
For GEO, the current NR TA adjustment design rules can be reused if the UEs are in low speed. However, for LEO, the TA adjustment after the initial access should be re-evaluated considering both the large propagation delay and fast delay variation due to moving satellites. 
In LEO, a large timing drift will be caused by the motion of satellite whose speed will be much higher than UE. Moreover, the timing drift in NTN will be different according to the elevation angle of satellite. For an LEO satellite with 600km orbit altitude, the satellite speed is 7.56km/s, the time drift caused by satellite movement is very small when the elevation angle is around 90º while the drift can be as large as approximate 145Ts per 200ms for small elevation angle which is far beyond the current maximum autonomous timing adjustment step size Tq (5.5Ts) as in [5] (details are presented in Appendix A). Moreover, with larger subcarrier spacing, e.g.[image: ], the maximum indication of TA adjustment is [image: ], which is not enough for indicating the TA adjustment per 200ms with the considered satellite moving speed and elevation angle. This issue is more serious if less frequent TA indication is preferred to reduce the signaling overhead.
Another TA issue in NTN is the large misalignment between the indicated TA adjustment and the real TA variation. For LEO regenerative payload with 600km orbit altitude, the maximum round trip delay on the radio between the gNB and the UE is 12.88ms [6], meaning that the real TA has been drifted for about 10Ts compared to the received TAC due to long propagation delay and the fast motion of satellite. 
From the above analysis, the current NR TA adjustment may not be enough to maintain sufficient UL synchronization for LEO based access. The TA adjustment mechanism should be revisited to mitigate the impacts due to the long propagation delay and high speed satellite movement.
Observation 2: TA adjustment mechanism for NTN should take the long propagation delay and high speed satellite movement into consideration.

Consideration on timing issues in RACH procedures
The random access procedure for NR consists of the following steps, as shown in Figure 1.


Figure 1. The random access procedure in NR
First, UE obtains the system information; at step 1, UE transmits PRACH preamble and calculates RA-RNTI; at step 2, gNB sends a DCI with CRC scrambled by the RA-RNTI, and then UE tries to detect Msg2; at step 3, UE transmits Msg3 on PUSCH; at step 4, UE monitors to decode Msg4; then, if the contention is solved, UE sends HARQ-ACK for the data. 
In NTN, the propagation delays are much larger than terrestrial systems. For example, UE operating in GEO satellite access networks experiences a round-trip time (RTT) up to 544.751ms [6]. Therefore, the current random access procedure should be revisited. Among the above steps of random access, several aspects are impacted by the long RTT, namely,
(1) The RA-RNTI scrambling and descrambling in step 2;
(2) The timing of transmitting Msg3 in step 3, and the timing of transmitting ACK;
(3) The issue of ra-ContentionResolutionTimer in step 4. 
The issues due to the long propagation delay will be discussed in details as follows:
RA-RNTI mismatch
UE and gNB compute the RA-RNTI according to the following equation [7]:
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id,
where s_id is the index of the first OFDM symbol of the specified PRACH (0 <= s_id < 14), t_id is the index of the first slot symbol of the specified PRACH in a system frame (0 <= t_id < 80), f_id is the index of the specified PRACH in the frequency domain (0 <= s_id < 8), ul_carrier_id is the UL carrier used for Msg1 transmission (0 for NUL carrier, and 1 for SUL carrier).
In the following, the calculation of RA-RNTI by UE and gNB, scrambling, and descrambling are respectively described.
· The calculation of the RA-RNTI by UE: In step 1, UE calculates the RA-RNTI based on the time when the preamble is sent (this timeslot is denoted by t_id_UE). Note that s_id is not considered here to simplify the analysis.
· The calculation of the RA-RNTI by gNB: In step 2, gNB calculates the RA-RNTI based on the time when the preamble is received (this timeslot is denoted by t_id_gNB). 
· The scrambling by gNB: gNB sends a DCI scrambled by the RA-RNTI that is calculated in step 2.
· The descrambling by UE: UE tries to detect a PDCCH (DCI) with the RA-RNTI that is calculated in step 1. 
If UE successfully descrambled and decoded the PDCCH, it decodes PDSCH carrying RAR data.
For terrestrial systems, the scrambling by gNB and descrambling by UE are matched due to the very small RTT (which means the condition of t_id_gNB = t_id_UE holds). 
In contrast, the above condition does not hold any more in NTN. More precisely, as shown in Figure 2 (RTT = 6 slots for this illustrative example), UE calculates the RA-RNTI according to t_id_UE = 0, while gNB calculates the RA-RNTI based on t_id_gNB = 6. It is easy to see that t_id_UE is not equal to t_id_gNB. Thus, UE cannot successfully descramble PDCCH which has been scrambled by gNB. This means the random access would definitely fail.


Figure 2. The timing of transmission for RTT = 6 slots
Observation 3: The RA-RNTI scrambling by gNB and descrambling by UE are mismatched due to long RTT in NTN.
Timing for transmitting MSG3 and ACK
In step 3, if in slot [image: ] UE receives a PDSCH with a RAR message for a corresponding PRACH transmission from gNB, UE transmits MSG3 on PUSCH in slot  [4], where  and  are the subcarrier spacing configurations for PUSCH and PDCCH, respectively. The values of  and  are given by Appendix B. 
Once UE successfully decodes MSG4, UE sends HARQ ACK for the data after  slot. The value of  is specified in RRC parameter: dl-DataToUL-ACK in PUCCH-Config. 
In the following the values of  and  are discussed.
1) From Table 6.1.2.1.1-2 and Table 6.1.2.1.1-3 in Appendix B, it can be seen that the maximum value of  is , where  and  for different  are respectively given by Table 6.1.2.1.1-4 and Table 6.1.2.1.1-5 in [8] (details are presented in Appendix B). 
In the case of  (SCS = 15kHz), the value of  equals to  slots. This means that the latest time for transmitting Msg3 is after 6 slots from receiving MSG2.
2) The value of  is provided by [4]. As can be seen, the maximum value of  is  slots (for DCI format 1_0). This means that the latest time for sending HARQ ACK is after 8 slots from decoding Msg4.
In terrestrial systems, the time duration of 6 or 8 slots is sufficient for UE to complete the signal processing and timing advance procedures. However, it is pitifully inadequate to compensate for the hundreds of milliseconds propagation delay in NTN. 
Observation 4: The time duration for data transmission on PUSCH and HARQ-ACK on PUCCH is insufficient.
ra-ContentionResolutionTimer
In step 4, UE starts ra-ContentionResolutionTimer, and monitors to decode PDCCH with TC-RNTI (while ra-ContentionResolutionTimer is running) from gNB. If PDCCH was successfully decoded, UE then decodes MSG4. Due to long RTT in NTN, the timers for NR may need some modifications. Besides the timer discussed in [9],[10], ra-ContentionResolutionTimer should also be considered. More precisely, the parameter range of ra-ContentionResolutionTimer is {8, 16, 24, 32, 40, 48, 56, 64} subframes [11], as shown in Figure 3. For GEO satellite systems, even the maximum setting of 64 subframes cannot cover the RTT, which means the timer expires before UE receiving Msg4. This would lead to unnecessary failure of random access.
ra-ContentionResolutionTimer         ENUMERATED { sf8, sf16, sf24, sf32, sf40, sf48, sf56, sf64}, 

Figure 3. RACH-ConfigCommon information element
Observation 5: A modification of the ra-ContentionResolutionTimer is needed to support GEO satellite systems.

Conclusion
In this document, the following observations were presented:
Observation 1: The range of the current TA indication in initial access is scaled down for larger subcarrier spacing which may not be sufficient to indicate the differential delay for NTN at high frequency bands.
Observation 2: TA adjustment mechanism for NTN should take the long propagation delay and high speed satellite movement into consideration.
Observation 3: The RA-RNTI scrambling by gNB and descrambling by UE are mismatched due to long RTT in NTN.
Observation 4: The time duration for data transmission on PUSCH and HARQ-ACK on PUCCH is insufficient.
Observation 5: A modification of the ra-ContentionResolutionTimer is needed to support GEO satellite systems.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref525819223]RP-181370, Study on solutions evaluation for NR to support Non-Terrestrial Network, RAN#80.
3GPP TR 38.811 V15.0.0, “Study on New Radio (NR) to support non-terrestrial networks”.
R1-1805095, “NR-NTN: Impact on initial TA during random access procedure”, Thales.
[bookmark: _Ref4686059]3GPP TS 38.213 V15.3.0, “Physical layer procedures for control”
[bookmark: _Ref4686133]3GPP TS 38.133 V15.1.0, “Requirement for support of radio resource management”.
[bookmark: _Ref4686145]3GPP TR 38.821 V0.3.0, “Solutions for NR to support non-terrestrial networks (NTN)”.
[bookmark: _Ref4686336]3GPP TS 38.321 V15.3.0, “NR; Medium Access Control (MAC) protocol specification”.
[bookmark: _Ref4689938]3GPP TS 38.214 V15.3.0, “NR; Physical layer procedures for data”.
[bookmark: _Ref4417011]R2-1813615 “Considerations on MAC control loops and timings in Non-Terrestrial Networks (NTN)”, Nomor Research GmbH, Thales, 3GPP TSG-RAN WG2 Meeting #103, Chengdu, China, October 8th-12th, 2018.
[bookmark: _Ref4417013]R2-1818246 “Discussion on timer impacts in NTN”, Huawei, HiSilicon, 3GPP TSG-RAN WG2 Meeting #104, Spokane, USA, November 12th-16th, 2018.
[bookmark: _Ref4687647]3GPP TS38.331 V15.3.0, “NR; Radio resource control (RRC) protocol specification

Appendix A. NR specification for timing advance adjustment 
In NR, some requirements for TA adjustment have been defined in [5]:
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 Tq.
2)	The minimum aggregate adjustment rate shall be Tp  per second.
3)	The maximum aggregate adjustment rate shall be Tq per 200ms.
where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 7.1.2-3. 
Table 7.1.2-3: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate 
	Frequency Range
	SCS of uplink signals (KHz)
	Tq
	Tp 

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	5.5*64*Tc
	5.5*64*Tc

	2
	60
	2.5*64*Tc
	2.5*64*Tc

	
	120
	2.5*64*Tc
	2.5*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211


Appendix B. Default PUSCH time domain resource allocation of 5G NR
The PUSCH time domain allocation is defined in [8].
Table 6.1.2.1.1-2: Default PUSCH time domain resource allocation A for normal CP
	Row index
	PUSCH mapping type
	K2
	S
	L

	1
	Type A
	j
	0
	14

	2
	Type A
	j
	0
	12

	3
	Type A
	j
	0
	10

	4
	Type B
	j
	2
	10

	5
	Type B
	j
	4
	10

	6
	Type B
	j
	4
	8

	7
	Type B
	j
	4
	6

	8
	Type A
	j+1
	0
	14

	9
	Type A
	j+1
	0
	12

	10
	Type A
	j+1
	0
	10

	11
	Type A
	j+2
	0
	14

	12
	Type A
	j+2
	0
	12

	13
	Type A
	j+2
	0
	10

	14
	Type B
	j
	8
	6

	15
	Type A
	j+3
	0
	14

	16
	Type A
	j+3
	0
	10



Table 6.1.2.1.1-3: Default PUSCH time domain resource allocation A for extended CP 
	Row index
	PUSCH mapping type
	K2
	S
	L

	1
	Type A
	j
	0
	8

	2
	Type A
	j
	0
	12

	3
	Type A
	j
	0
	10

	4
	Type B
	j
	2
	10

	5
	Type B
	j
	4
	4

	6
	Type B
	j
	4
	8

	7
	Type B
	j
	4
	6

	8
	Type A
	j+1
	0
	8

	9
	Type A
	j+1
	0
	12

	10
	Type A
	j+1
	0
	10

	11
	Type A
	j+2
	0
	6

	12
	Type A
	j+2
	0
	12

	13
	Type A
	j+2
	0
	10

	14
	Type B
	j
	8
	4

	15
	Type A
	j+3
	0
	8

	16
	Type A
	j+3
	0
	10



Table 6.1.2.1.1-4: Definition of value j
	µPUSCH
	j

	0
	1

	1
	1

	2
	2

	3
	3



Table 6.1.2.1.1-5: Definition of value Δ
	µPUSCH
	Δ

	0
	2

	1
	3

	2
	4

	3
	6
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