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Introduction
RAN#80 approved a new SI on solutions evaluation for NR to support Non-Terrestrial Network [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 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.

One target is to study the timing issues, since the most significant difference of Non-Terrestrial Network (NTN) compared to terrestrial communication is the much larger round-trip propagation delay (up to hundreds of milliseconds). To support NTN by NR, this contribution discusses the key impact regarding the timing issues during random access.
Random access procedure
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 [2]. 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 details are discussed as follows.
RA-RNTI scrambling and descrambling
UE and gNB compute the RA-RNTI according to the following equation [3]:
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.
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 A [5]. 
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. 
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.
Considerations on timing issues in random access procedure for NTN
In this section, the issues in Section 2.1-2.3 are further identified and discussed one by one. 
RA-RNTI mismatch
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 1: The RA-RNTI scrambling by gNB and descrambling by UE are mismatched due to long RTT in NTN.
Timing considerations
Timing advance is needed for uplink transmission to compensate for the propagation delay. In the following, the timing for transmitting MSG3 and ACK in random access is presented.
1) From Table 6.1.2.1.1-2 and Table 6.1.2.1.1-3 in Appendix A, 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 Appendix A. 
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. To solve this problem, one possible candidate solution is: 
· Solution A: The whole propagation delay is divided into two parts, i.e., the common delay and the differential delay. For uplink transmission, the timing advance procedure only compensates for the differential delay (please see Figure 7.3.4.1-1 in Appendix B [2], [6]).
The maximum cell coverage supported by NR is defined by . Depending on the length of the differential delay, there are two cases [2]:
· Case 1: NTN differential delay  
In this case no change of Solution A is required to support NTN.
· Case 2: NTN differential delay  . For example, when the cell radius is 200 km, NTN differential delay can be up to 390/c, which is  much longer than  (please see Table 7.3.4.1-1 in Appendix C [2])
In this case, the time duration of 6 or 8 slots is insufficient for UE to prepare for uplink transmission. In other words, the values of  and  need to be reconsidered to cover the large differential delay. 
Observation 2: The time duration for data transmission on PUSCH and HARQ-ACK on PUCCH is insufficient for Case 2.
Timer considerations
Timer is an efficient mechanism to ensure the communication node not to wait a message forever. Due to long RTT in NTN, the timers for NR may need some modifications. Besides the timer discussed in [7], [8], ra-ContentionResolutionTimer should also be considered. More precisely, the parameter range of ra-ContentionResolutionTimer is {8, 16, 24, 32, 40, 48, 56, 64} subframes, as shown in Figure 3 [9]. 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 3: A modification of the ra-ContentionResolutionTimer is essential to support GEO satellite systems.
Conclusion
In this document, we discuss the impact of long RTT on the timing issues in NTN. The following observations are presented:
Observation 1: The RA-RNTI scrambling by gNB and descrambling by UE are mismatched due to long RTT in NTN.
Observation 2: The time duration for data transmission on PUSCH and HARQ-ACK on PUCCH is insufficient for Case 2.
Observation 3: A modification of the ra-ContentionResolutionTimer is essential to support GEO satellite systems.
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Appendix A. Default PUSCH time domain resource allocation of 5G NR
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



Appendix B. Differential delay in NTN
[image: ] 
Figure 7.3.4.1-1: NTN systems, new geometry and the cell size.
Appendix C. Differential delay d3 = d2 – d1 vs. satellite elevation angle
Table 7.3.4.1-1 Differential delay d3 = d2 – d1 vs. satellite elevation angle
	[degree]
	cell radius () [km]
	d3 [km]

	10
	200
	390

	20
	200
	372

	30
	200
	343

	40
	200
	303

	50
	200
	254

	60
	200
	197

	70
	200
	134

	80
	200
	67
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