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1 Introduction
According to the approved SI on NR to support non-terrestrial network (NTN) [1], following aspects from RAN1 perspective will be studied:
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.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]
In this contribution, potential issues for the UL TA maintenance as well RACH design are discussed for NTN and views on the enhancements are elaborated.
2 Discussion on the enhancement for UL TA maintenance  

In the existing system, the proper TA for aligning the UL transmission among UEs as well as boundary of slot is guaranteed via RACH procedures and MAC-initialized TA refinement. However, performance degradation can be foreseen on these approaches with consideration of the characteristics for NTN communication, e.g., larger RTT/coverage and high mobility.

More specifically, for the RACH procedure, since the TA value will be obtained by the BS via detection of preamble and indicated to the UE through RAR, the feasibility of this way highly depends on the design of preamble, which is mainly based on assumption of certain cell size or coverage of BS. In the NTN system as shown in Figure 1, the absolute delay is mainly determined by the altitude of satellite and also significant differential delay among UEs can be expected since the cell size is larger than the terrestrial system. Meanwhile, these values will also variant due to the movement of satellite, e.g., LEO.
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Figure 1 Illustration of coverage of NTN with common TA

In this case, if the RACH design is conducted based on the total delay for each UE, from gNB perspective, much more resource as shown in Figure 2 should be reserved for potential RACH transmission to cover the max RTT, e.g., 541ms for GEO. 
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Figure 2 Illustration of the required RACH detection window without know common TA
Then, indication of the assisting information before the configuration before RACH procedure, e.g., common TA part, which is determined by L2 shown in Figure 1, in broadcasting way will be beneficial，especially for the normal terminal with limited accuracy on positioning or poor capability for TA calculation even with the information of satellite constellation/ephemeris. Moreover, for reducing the range of the residual delay, the beam specific indication of common delay is preferred. And w.r.t signaling, for supporting the initial access, the indication of the assisting information via SIB is more preferred.
Proposal 1: Broadcasting of common TA to the UEs for assisting the RACH procedure can be considered.

For the MAC based solution to each UE, the overhead of signaling and validity of indicated value for TA adjustment will be determined by the variation of TA. As the example shown in Figure 3, it can be found that for the elevation within [10 45]°, the change of absolute propagation distance will be larger than the tolerable range determined by the normal CP within 40ms (smaller than the maximum RTT for the LEO (1200km) listed in [2]). Obviously, it demonstrates that even the MAC based TA adjustment is triggered per slot, mismatch for the UL is still possible due to the large RTT. Moreover, from network perspective, the overhead will be significantly higher than terrestrial system with consideration of frequently TA updates for more serving UEs. 
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Figure 3 Illustration of propagation distance change for LEO (1200 km)
In this case, potential enhancement with consideration on the typical feature of NTN communication system can be considered. For example, although the mobility of satellite is higher, the prediction on the relative distance between terminal and satellite is still available at satellite side by joint consideration of trajectory of satellite as well as detected TA shift for each UE. Then, corresponding indication of parameters for modeling the changes of TA can be indicated to UE for assisting the TA adjustment timely.
Proposal 2: Prediction of TA value can be considered via indication of corresponding parameters to UE.
Additionally, in some typical scenarios of NTN, e.g., VSAT, numbers of fixed terminal will be allocated within same area, similar behavior on the TA changes can be shared by these UEs. Then, further reduction on the signaling can be achieved by using the group-specific signaling instead of UE specific way. Details on how to group and signaling design can be discussed.

Proposal 3: Mechanism for group based TA adjustment can be considered for signaling overhead reduction.
3 Discussion on PRACH design
3.1 Numerology of PRACH preamble
For the RPACH design, the SCS is selected mainly to handle the potential frequency shift due to the movement of BS/UE, frequency synchronization error based on SSB as well as impairment oscillator at both gNB and UE. According to the simulation results shown in our contribution [3], for NTN system with the high mobility at satellite, the residual frequency offset after SSB based synchronization is quite small, even in the worst case (i.e., UE located at Beam 0’s edge as shown in Figure 4). 

Moreover, with consideration of impairment at UE side, the potential frequency drift for the UL transmission of preamble is listed in Table 1. A typical LO deviation of 0.1ppm at UE side is assumed. Current NR PRACH preamble subcarrier spacing 1.25kHz/5kHz/15kHz is considered in normalization. It can be observed that for each configuration, the normalized residual FO (RFO) is less than half of SCS in corresponding NR for all of the formats.
Table 1 Potential frequency offset for UL transmission 

	Assumption
	SNR(dB)
	-6
	0
	6
	10

	fc=2GHz with SCS=15kHz and VUE = 30km
	Doppler(Hz)
	228
	97
	56
	46

	
	LO deviation(Hz)
	200
	200
	200
	200

	
	normalized RFO by 1.25kHz
	0.34
	0.24
	0.2
	0.2

	
	normalized RFO 5kHz
	0.09
	0.06
	0.05
	0.05

	fc=20GHz with SCS=120 kHz and VUE = 30km
	Doppler(Hz)
	1985
	805
	493
	419

	
	LO deviation(Hz)
	2000
	2000
	2000
	2000

	
	normalized RFO by 15kHz
	0.27
	0.19
	0.17
	0.16


Observation 1: SCS for the preamble design in current NR is still valid to handle the frequency offset in NTN.
3.2 Sequence design for the preamble
In current NR specifications [4], two PRACH sequences with length of 839 and 139 are used in different formats and cycling shift is introduced for enhancing the capacity of preamble. All of formats can be used for FR1 (<7.125 GHz), but only 9 formats based on length-139 PRACH sequences can be used for FR2 (>7.125 GHz). More specifically, in terrestrial networks, length-139 PRACH sequences is selected with the small cycling shift interval by assuming that maximum TA uncertainty among simultaneous UEs and the channel delay spread in time domain are relative small due to the limited coverage for FR2.
In NTN, the cell radius is generally much larger than that in a terrestrial network, and which will lead to the larger differential delay among UEs. More specifically, as shown in Figure 4, the differential delay of different beams varies significantly. Intuitively, Beam-0 has the smallest differential delay, while Beam-K with the smallest elevation angle has the largest differential delay. The impact of differential delay on PRACH preamble design under the cases listed in Table 2 and Table 3 is analyzed hereafter.
According to current design principle for preamble, the allocated Ncs (cycling shift interval) should satisfy the following limits:
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[image: image5.wmf]d

D

refers to the differential distance between two simultaneously transmitted UE, 
[image: image6.wmf]ds

d

is the delay spread which is negligible in NTN. 
[image: image7.wmf]seq

T

 and 
[image: image8.wmf]ZC

N

 refer to duration of preamble and length of sequence, respectively. In this way, distinguish of the different UE via cyclic shift is available only in case that the required Ncs is less than the sequence length
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Figure 4 Illustration of the coverage for certain satellite

Table 2 Minimum differential delay within the coverage of spot beam

	Case
	Satellite type
	Max beam foot print diameter at Beam 0 (km)
	Differential distance 
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 (km) with assumption on ideal compensation for the common delay
	Differential delay = 2*
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	1
	GEO
	500
	5.77
	0.3848e-4

	2
	LEO (600km)
	200
	9.05
	0.6033e-4

	3
	LEO (1200km)
	200
	4.94
	0.3294e-4


Table 3 Maximum differential delay within the coverage of spot beam

	Case
	Satellite type
	Max beam foot print diameter at Beam K (km)
	Differential distance 
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 (km) with assumption on ideal compensation for the common delay
	Differential delay = 2*
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	1
	GEO
	500
	244.18
	1.6279e-3

	2
	LEO (600km)
	200
	97.99
	6.5324e-4

	3
	LEO (1200km)
	200
	98.07
	6.5380e-4


Based on the analysis above, the potential cyclic shift and roots allocation with the assumed SCS for length-839 sequence are listed in Table 4 with consideration on the minimum differential delay in Table 2. It is observed that much larger of Ncs is required for NTN, and the corresponding supported number of cyclic shift is smaller for single sequence.  Then, at least for achieving the same preamble capacity, e.g., 64 sequence, more roots will be introduced in this case.

However, for the case with maximum differential delay listed in Table 3 or short sequence, e.g., 139, the aforementioned principle for introduction of Ncs for UE distinguish cannot be met as listed in Table 5, especially with larger SCS. In this way, possible usage of roots only based sequence can be considered for UE distinguish instead of cyclic shift. 
Table 4 Potential cyclic shifts and roots allocation for NTN with SCS = 1.25/5 KHz
	Case (corresponding to the Table 2)
	Subcarrier spacing (kHz)
	Sequence length
	Ncs
	Number of cyclic shifts per ZC root
	Number of ZC roots

	1
	1.25
	839
	41
	20
	4

	
	5
	839
	162
	5
	13

	2
	1.25
	839
	64
	13
	5

	
	5
	839
	254
	3
	22

	3
	1.25
	839
	35
	23
	3

	
	5
	839
	139
	6
	11


Table 5 Potential cyclic shifts and roots allocation for NTN with SCS = 15/30 KHz

	Case (corresponding to the Table 3)
	Subcarrier spacing (kHz)
	Sequence length
	Ncs
	Number of cyclic shifts per ZC root

	2
	15
	139
	1362
	-

	
	30
	139
	2724
	-


Observation 2: UE distinguish via the cyclic shift is not valid for all case in NTN.
Proposal 4: RACH design with disabling of cyclic shift can be considered in NTN.
4 Conclusions
In this contribution, issues for the TA and PRACH design for the NTN have been analyzed with following observations and proposals:
Observation 1: SCS for the preamble design in current NR is still valid to handle the frequency offset in NTN.

Observation 2: UE distinguish via the cyclic shift is not valid for all case in NTN.
Proposal 1: Broadcasting of common TA to the UEs for assisting the RACH procedure can be considered.

Proposal 2: Prediction of TA value can be considered via indication of corresponding parameters to UE.
Proposal 3: Mechanism for group based TA adjustment can be considered for signaling overhead reduction.
Proposal 4: RACH design with disabling of cyclic shift can be considered in NTN.
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