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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]The RACH evaluation under NTN scenario has reached the following agreement in previous meeting,
	Agreement:
Performance evaluations of the synchronization for DL are encouraged. For these evaluations, 
· For LEO systems, beam specific pre-compensation of the common frequency shift at satellite with respect to the spot beam center can be considered 

Agreement:
For UL frequency compensation at least in LEO systems:
· Both open and closed-loop can be studied 
· Beam specific post-compensation of common frequency offset at gNB can be considered
· FFS: Further indication of common frequency offset
· FFS: Signalling details
· FFS: Compensation of common frequency offset at UE side
· For Open-loop method:
· Estimation of UE-specific frequency offset and pre-compensation at UE side can be conducted based on:
· DL RSs
· UE location and satellite ephemeris
· FFS: Determination of UE location

Agreement:
The scenarios where the Rel-15 PRACH design is sufficient and the scenarios where an extended or new PRACH design is required should be identified as part of the study




This contribution is organized as follows. The residual frequency offset and residual time delay under pre-compensation are analysed first. Then, under the identified time delay and frequency offset, we provide the initial thought on the PRACH design of considering orthogonal sequences generation. 

2 Analysis on the residual frequency offset and residual time delay
The residual frequency offset observed at the UE for downlink and at the satellite for uplink can be illustrated through Fig. 2-1, under the common frequency pre-compensation at the beam center and at the link between the satellite and the gNB on the ground. Let’s perform the analysis step by step:
· The satellite transmits with the carrier frequency fc – fdcenter as the pre-compensation purpose
· UE has initial clock frequency running at fc + fe Hz to receive the signal with the frequency fc + fd(t)residual. Note that fe Hz is the frequency error due to the crystal instability at the UE side
· UE therefore observes the frequency offset as fd(t)residual – fe Hz
· UE then adjusts the clock frequency as fc+ fe + fd(t)residual – fe = fc + fd(t)residual accordingly
· UE applies the clock frequency fc + fd(t)residual for uplink transmission by assuming same downlink and uplink frequency for analysis purpose (fc2 + fd(t)residual for different downlink and uplink frequency)
· The satellite receives the signal using the clock frequency fc + fdcenter
· The frequency arriving at the satellite before receiving is fc + fd(t)residual + fdcenter + fd(t’)residual
· After receiving at the satellite, the uplink residual frequency offset is fd(t)residual + fd(t’)residual, which is approximately as 2*fd(t)residual if the difference between t and t’ is small

The above analysis is quite similar to that under the HST scenario. In Rel-14 LTE, it was identified in RAN4 that the largest Doppler shift is +/- 875Hz by considering train speed=350 km/hr and carrier frequency= 2.7GHz. Therefore the frequency offset for uplink becomes +/- 2*875Hz, exceeding the range of [-1.25KHz, 1.25KHz] in which the PRACH restriction set A can support. This had further triggered RAN1 to design PRACH restriction set B to deal with the frequency offset on uplink up to [-2.5KHz, 2.5KHz].

As such the range of frequency offset of +/- 2*fd on uplink under NTN scenario should be investigated.   

The pre-compensation on the time (propagation) delay can be realized by indicating the common TA through system information, as shown in Fig. 2-2. The time delay between the gNB and the satellite (which is time varying), and between the satellite and the beam spot having the shortest distance to the satellite (which could be time invariant) can generally be known. As such, the range of the differential delay between the time delay between the satellite and the UE, and the time delay for the shortest distance between the satellite and a certain beam should also be investigated.

Fig. 2-4 shows our evaluation setup, where a beam’s size is determined by half-power contour, and the beam diameter is also derived accordingly. The satellite may deal with multiple beams, each beam having different elevation angle. We also have the following definition to facilitate the analysis,
· equivalent cell radius = the longest distance between a beam and satellite – the shortest distance between a beam and satellite

Hence the equivalent cell radius is equal to the maximum differential delay times the light speed. The reason to define equivalent cell radius is that, in both LTE and NR for PRACH design, there is important relationship between cell radius and the parameter Ncs. 

Fig. 2-5 and Fig. 2-6 show the equivalent cell radius (related to maximum differential delay) and residual frequency offset on uplink for each beam under pre-compensation. The satellite is at 600km orbit. The carrier frequency is 2GHz. TABLE 1 further indicates the relationship with the beam diameter. We have the following observations,
· The elevation angle is decreasing as the beam index increases
· Beam 1 has the largest elevation angle, nearly 90o. The corresponding beam diameter is the smallest among all the beams
· Beam 1 also has the largest residual frequency offset on uplink, slightly greater than +/- 3*1.25KHz
· Several beams have the largest residual frequency offset on uplink which are greater than +/- 2.5*1.25KHz
· Beam 1, 2, 3 and 4 have similar beam diameter (between 46.28km to 50.29km). However, the corresponding maximum differential delay (equivalent cell radius) is significantly different due to different elevation angle for each beam
· The residual frequency offset is still quite large for the beam with large differential delay (large equivalent cell radius)

As such, we may conclude through the simulation results:
· The beam with larger elevation angle may have smaller beam diameter and smaller differential delay (smaller equivalent cell radius). However residual frequency offset on uplink for such a beam could be larger than a beam with smaller elevation angle 

Observation 2-1: Under frequency pre-compensation for NTN scenario, the frequency offset on uplink can generally be expressed as +/- 2*fd, where +/- fd is the frequency offset due to Doppler shift observed from downlink

Observation 2-2: Under NTN scenario, the range of frequency offset of +/- 2*fd on uplink should be investigated. The range of the differential delay between the time delay between the satellite and the UE, and the time delay for the shortest distance between the satellite and a certain beam should also be investigated 

Observation 2-3: The reason to define “equivalent cell radius” is that, in both LTE and NR for PRACH design, there is important relationship between cell radius and the parameter Ncs

Observation 2-4: Under pre-compensation, some beams have the largest residual frequency offset on uplink which are greater than +/- 2.5*1.25KHz, for the satellite at 600km orbit

Observation 2-5: The beam with larger elevation angle may have smaller beam diameter and smaller differential delay. However residual frequency offset on uplink for such a beam could be larger than a beam with smaller elevation angle

Observation 2-6: The residual frequency offset is still quite large for the beam with large differential delay (large equivalent cell radius)

Proposal 2-1: The maximum residual frequency offset on uplink could be up to +/- 3*1.25KHz as the design consideration

Definition 2-1: Define “equivalent cell radius” as the longest distance between a beam and satellite – the shortest distance between a beam and satellite. Hence the equivalent cell radius is equal to the maximum differential delay times the light speed
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 Fig. 2-1, The frequency pre-compensation on the beam center spot, and the corresponding residual frequency offset on uplink
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 Fig. 2-2, The time delay pre-compensation can be realized by indicating the common TA through system information
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  Fig. 2-3, equivalent cell radius = longest distance between a beam and satellite – shortest distance between a beam and satellite
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Fig. 2-4, Evaluation setup to analyze the residual frequency offset and differential delay for each beam with different elevation angle.
Note that the actual beam number is greater than 4. For simplicity of drawing, this figure only shows 4 beams
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 Fig. 2-5, equivalent cell radius (maximum differential delay x light speed) for each beam with different elevation angle under a same satellite. @600km orbit
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   Fig. 2-6, Residual frequency offset on uplink for each beam with different elevation angle under a same satellite
         Carrier frequency = 2GHz

	beam index
	1
	2
	3
	4
	5
	6
	7

	Equivalent
cell radius (km)
	2
	6
	10.1
	15
	20
	26
	33

	Frequency offset at uplink
( +/- Hz)
	3824
	3808
	3738
	3670
	3555
	3467
	3357

	Beam diameter (km)
	46.28
	46.92
	48.23
	50.29
	53.25
	57.31
	62.8

	Elevation angle 
at beam center
	87.6o
	82.8o
	77.9o
	73.1o
	68.2o
	63.3o
	58.3o



	beam index
	8
	9
	10
	11
	12
	13

	Equivalent
cell radius (km)
	42
	53.5
	69.5
	92
	126.5
	187

	Frequency offset at uplink
( +/- Hz)
	3198
	3003
	2827
	2620
	2391
	2150

	Beam diameter (km)
	70.24
	80.45
	94.85
	116
	149.4
	208

	Elevation angle 
at beam center
	53.3o
	48.3o
	43.1o
	37.7o
	32.1o
	26.2o


                TABLE 1, satellite @orbit=600km, carrier frequency=2GHz
3 PRACH design for orthogonal sequences
As mentioned in above section, there is important relationship between cell radius and the parameter Ncs. Ncs is the parameter to define the closest spacing in term of cyclic shift (cs) points between two orthogonal sequences under a given root index. The relationship can be specified by the below simple equation [1]
· Cell radius = (sequence time period/839*(Ncs – 2) – 5.2us)* 3e8/2
where 5.2us denotes the max delay spread, and the number 2 in Ncs-2 is the guard points by considering the effect of pulse shaping filter.

For example when Ncs = 22 and sequence time period = 800us, the cell radius after calculation is equal to 2.08km, as shown in Fig. 3-1. Based on the equation, we may establish the following connections
· To reach a given cell radius, the sequence with shorter time period (larger SCS) may require larger Ncs
· When Ncs is larger, the number of orthogonal sequences under a given root index is decreasing

The current NR specification also supports 5KHz for PRACH subcarrier spacing, which is equivalent to have 200us sequence time period. It is known that for the sequence with larger subcarrier spacing, it is more resistant to the frequency offset. Therefore for the identified residual frequency offset up to +/- 3*1.25KHz, the restriction set A can be applied for SCS=5KHz. Note that the restriction set A keeps more number of orthogonal sequences than that by restriction set B.

On the other hand, both restriction set A and B can’t be applied to SCS=1.25KHz PRACH under max residual frequency offset +/- 3*1.25KHz. Whether to consider designing a new restriction set for SCS=1.25KHz requires further investigation.

We see an interesting relationship:
· To support a given cell radius, the PRACH sequence with SCS=1.25KHz may utilize smaller Ncs, which may generate a pool with more number of orthogonal sequences. However, under a given maximum frequency offset, a large number of orthogonal sequences could be removed from the pool
· To support a given cell radius, the PRACH sequence with SCS=5KHz may utilize larger Ncs, which may generate a pool with limited number of orthogonal sequences. However, under a given maximum frequency offset, a smaller number of orthogonal sequences could be removed from the pool

The simulation is conducted to inspect the remaining number of valid cyclic shifts for constructing the orthogonal sequences for the following 3 configurations under same cell radius
· SCS= 1.25KHz PRACH, with a new restriction set to deal with +/- 3*1.25KHz frequency offset
· SCS= 2.5KHz PRACH, with existing restriction set B to deal with +/- 3*1.25KHz frequency offset
· SCS= 5KHz PRACH, with existing restriction set A to deal with +/- 3*1.25KHz frequency offset

The pseudo code is provided in APPENDIX for the new restriction set of searching the valid cyclic shift under +/- 3*1.25KHz frequency offset. Fig. 3-2 and 3-3 show the results for cell radius = 2km and 6km, respectively. It is very interesting to observe that, the remaining number of valid cyclic shifts for SCS=1.25KHz PRACH under a new restriction set is still greater than that by the SCS=5KHz PRACH under existing restriction set A. 

[bookmark: _GoBack]The equivalent cell radius = 2km and 6km (related to differential delay in above section) are the beam 1 and 2 in TABLE 1. It is also seen in Fig. 3-4 and Fig. 3-5 that, the SCS=1.25KHz PRACH under a new restriction set can further support equivalent cell radius 10.1km and 15km, which are beam 3 and 4 in TABLE 1. The limitation on the supported cell radius for different SCS can be calculated as follows,
· (800us/839*(137-2) – 5.2us)*3e8/2 = 18.53km cell radius for SCS=1.25KHz
· (400us/839*(137-2) – 5.2us)*3e8/2 = 8.88km cell radius for SCS=2.5KHz
· (200us/839*(237-2) – 5.2us)*3e8/2 = 7.63km cell radius for SCS=5KHz
Based on the above, we expect to trigger the following discussions for PRACH design under NTN
· Whether a new restriction set for handling +/- 3*1.25KHz frequency offset could be considered for SCS=1.25KHz PRACH, if the orthogonal sequences for PRACH transmission are still preferred
· Whether the preamble format with SCS=2.5KHz could be considered since the supported equivalent cell radius (maximum differential delay) may be larger than that by SCS=5KHz, for orthogonal sequence generation
· Or, We just live with the current design of Rel-15 PRACH on this aspect


Observation 3-1: For the relationship between cell radius and Ncs, to reach a given cell radius, the sequence with shorter time period (larger SCS) may require larger Ncs

Observation 3-2: When Ncs is larger, the number of orthogonal sequences under a given root index is decreasing

Observation 3-3: For the identified residual frequency offset up to +/- 3*1.25KHz, the restriction set A can be applied for SCS=5KHz PRACH sequence

Observation 3-4: The restriction set A keeps more number of orthogonal sequences than that by restriction set B

Observation 3-5: Both restriction set A and B can’t be applied to SCS=1.25KHz PRACH under max residual frequency offset +/- 3*1.25KHz

Observation 3-6: To support a given cell radius, the PRACH sequence with SCS=1.25KHz may utilize smaller Ncs, which may generate a pool with more number of orthogonal sequences. However, under a given maximum frequency offset, a large number of orthogonal sequences could be removed from the pool

Observation 3-7: To support a given cell radius, the PRACH sequence with SCS=5KHz may utilize larger Ncs, which may generate a pool with limited number of orthogonal sequences. However, under a given maximum frequency offset, a smaller number of orthogonal sequences could be removed from the pool

Observation 3-8: Under +/- 3*1.25KHz frequency offset and under same cell radius, the remaining number of valid cyclic shifts for SCS=1.25KHz PRACH by using a new restriction set is still greater than that by the SCS=5KHz PRACH under existing restriction set A

Proposal 3-1: We expect to trigger the following discussions for PRACH design under NTN
· Whether a new restriction set for handling +/- 3*1.25KHz frequency offset could be considered for SCS=1.25KHz PRACH, If the orthogonal sequences for PRACH transmission are still preferred
· Whether the preamble format with SCS=2.5KHz could be considered since the supported equivalent cell radius (maximum differential delay) may be larger than that by SCS=5KHz, for orthogonal sequence generation
· Or, We just live with the current design of Rel-15 PRACH on this aspect 
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  Fig. 3-1, The reference book providing the reference equation for the relationship between cell radius and Ncs


Fig. 3-2: For equivalent cell radius = 2km
[image: ] [image: ]
  Fig. 3-2a: SCS=1.25KHz with new restriction set, Ncs=22        Fig. 3-2b: SCS=2.5KHz with restriction set B, Ncs=46
          Total valid cs number = 1575                              Total valid cs number = 931
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Fig. 3-2c: SCS=5KHz with restriction set A, Ncs=81
       Total valid cs number = 673







Fig. 3-3: For equivalent cell radius = 6km
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    Fig. 3-3a: SCS=1.25KHz with new restriction set, Ncs=55        Fig. 3-3b: SCS=2.5KHz with restriction set B, Ncs=100
          Total valid cs number = 561                               Total valid cs number = 336

[image: ]
   Fig. 3-3c: SCS=5KHz with restriction set A, Ncs=195
          Total valid cs number = 128
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    Fig. 3-4: SCS=1.25KHz with new restriction set,                Fig. 3-5: SCS=1.25KHz with new restriction set,
           cell radius = 10.1km                                     cell radius = 15km   




4 Conclusion
Based on the above, we have,

Observation 2-1: Under frequency pre-compensation for NTN scenario, the frequency offset on uplink can generally be expressed as +/- 2*fd, where +/- fd is the frequency offset due to Doppler shift observed from downlink

Observation 2-2: Under NTN scenario, the range of frequency offset of +/- 2*fd on uplink should be investigated. The range of the differential delay between the time delay between the satellite and the UE, and the time delay for the shortest distance between the satellite and a certain beam should also be investigated 

Observation 2-3: The reason to define “equivalent cell radius” is that, in both LTE and NR for PRACH design, there is important relationship between cell radius and the parameter Ncs

Observation 2-4: Under pre-compensation, some beams have the largest residual frequency offset on uplink which are greater than +/- 2.5*1.25KHz, for the satellite at 600km orbit

Observation 2-5: The beam with larger elevation angle may have smaller beam diameter and smaller differential delay. However residual frequency offset on uplink for such a beam could be larger than a beam with smaller elevation angle

Observation 2-6: The residual frequency offset is still quite large for the beam with large differential delay (large equivalent cell radius)

Observation 3-1: For the relationship between cell radius and Ncs, to reach a given cell radius, the sequence with shorter time period (larger SCS) may require larger Ncs

Observation 3-2: When Ncs is larger, the number of orthogonal sequences under a given root index is decreasing

Observation 3-3: For the identified residual frequency offset up to +/- 3*1.25KHz, the restriction set A can be applied for SCS=5KHz PRACH sequence

Observation 3-4: The restriction set A keeps more number of orthogonal sequences than that by restriction set B

Observation 3-5: Both restriction set A and B can’t be applied to SCS=1.25KHz PRACH under max residual frequency offset +/- 3*1.25KHz

Observation 3-6: To support a given cell radius, the PRACH sequence with SCS=1.25KHz may utilize smaller Ncs, which may generate a pool with more number of orthogonal sequences. However, under a given maximum frequency offset, a large number of orthogonal sequences could be removed from the pool

Observation 3-7: To support a given cell radius, the PRACH sequence with SCS=5KHz may utilize larger Ncs, which may generate a pool with limited number of orthogonal sequences. However, under a given maximum frequency offset, a smaller number of orthogonal sequences could be removed from the pool

Observation 3-8: Under +/- 3*1.25KHz frequency offset and under same cell radius, the remaining number of valid cyclic shifts for SCS=1.25KHz PRACH by using a new restriction set is still greater than that by the SCS=5KHz PRACH under existing restriction set A

Definition 2-1: Define “equivalent cell radius” as the longest distance between a beam and satellite – the shortest distance between a beam and satellite. Hence the equivalent cell radius is equal to the maximum differential delay times the light speed

Proposal 2-1: The maximum residual frequency offset on uplink could be up to +/- 3*1.25KHz as the design consideration

Proposal 3-1: We expect to trigger the following discussions for PRACH design under NTN
· Whether a new restriction set for handling +/- 3*1.25KHz frequency offset could be considered for SCS=1.25KHz PRACH, If the orthogonal sequences for PRACH transmission are still preferred
· Whether the preamble format with SCS=2.5KHz could be considered since the supported equivalent cell radius (maximum differential delay) may be larger than that by SCS=5KHz, for orthogonal sequence generation
· Or, We just live with the current design of Rel-15 PRACH on this aspect 
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6 Appendix
The pseudo code for searching the valid cyclic shift under frequency offset = +/- 3*1.25KHz for SCS=1.25KHz PRACH is provided below
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The restriction set A is equivalent to consider 4 forbidden zones for each valid cyclic shift. For cyclic shift = 0, the forbidden zones are
· [ LRA – du – (Ncs-1), LRA – du + Ncs-1 ]
· [ du -(Ncs-1) , du + Ncs – 1 ]
· [ LRA – 2*du – (Ncs-1), LRA – 2*du + Ncs-1 ]
· [ 2*du -(Ncs-1) , 2*du + Ncs – 1 ]




	
The restriction set B is equivalent to consider 8 forbidden zones for each valid cyclic shift. For cyclic shift = 0, the forbidden zones are
· [ LRA – du – (Ncs-1), LRA – du + Ncs-1 ]
· [ du -(Ncs-1) , du + Ncs – 1 ]
· [ LRA – 2*du – (Ncs-1), LRA – 2*du + Ncs-1 ]
· [ 2*du -(Ncs-1) , 2*du + Ncs – 1 ]
· [ LRA – 3*du – (Ncs-1), LRA – 3*du + Ncs-1 ]
· [ 3*du -(Ncs-1) , 3*du + Ncs – 1 ]
· [ LRA – 4*du – (Ncs-1), LRA – 4*du + Ncs-1 ]
· [ 4*du -(Ncs-1) , 4*du + Ncs – 1 ]




	
The new restriction set is equivalent to consider 12 forbidden zones for each valid cyclic shift. For cyclic shift = 0, the forbidden zones are
· [ LRA – du – (Ncs-1), LRA – du + Ncs-1 ]
· [ du -(Ncs-1) , du + Ncs – 1 ]
· [ LRA – 2*du – (Ncs-1), LRA – 2*du + Ncs-1 ]
· [ 2*du -(Ncs-1) , 2*du + Ncs – 1 ]
· [ LRA – 3*du – (Ncs-1), LRA – 3*du + Ncs-1 ]
· [ 3*du -(Ncs-1) , 3*du + Ncs – 1 ]
· [ LRA – 4*du – (Ncs-1), LRA – 4*du + Ncs-1 ]
· [ 4*du -(Ncs-1) , 4*du + Ncs – 1 ]
· [ LRA – 5*du – (Ncs-1), LRA – 5*du + Ncs-1 ]
· [ 5*du -(Ncs-1) , 5*du + Ncs – 1 ]
· [ LRA – 6*du – (Ncs-1), LRA – 6*du + Ncs-1 ]
· [ 6*du -(Ncs-1) , 6*du + Ncs – 1 ]
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Figure 17.17: Neg values and usage with the various preamble formats (low speed cells).
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Lga, du and Ncs are input values;

find_valid_cs = ones(Lg,, 1); // declare an array with size Lz, and with initial value = 1 for all elements

FOR V2 =0: Lga—1 // cv2 value is the candidate of valid cs

FOR cv1 =0: Lgy — 1 //cv1 value is to search which value can’t be a valid cs
cs_diff = mod(cvi- cv2, Lgy); // consider wrapping around
I_bnd_p_du = mod(du - (Ncs-1), Lgs); r_bnd_p_du = mod( du + (Ncs-1), Lga); I_bnd_n_du =mod(-du - (Ncs-1), Lga); r_bnd_n_du = mod( -du + (Ncs-1), Lga);
I_bnd_p_2du = mod( 2*du - (Ncs-1), Lgs); r_bnd_p_2du = mod( 2*du + (Ncs-1), Lgs); |_bnd_n_2du = mod(-2*du- (Nes-1), Lgs); r_bnd_n_2du = mod(-2*du + (Ncs-1), Le);
I_bnd_p_3du = mod( 3*du - (Ncs-1), Lgs); r_bnd_p_3du = mod( 3*du + (Ncs-1), Lps); |_bnd_n_3du = mod(-3*du- (Ncs-1), Lgs); r_bnd_n_3du = mod(-3*du + (Ncs-1), Ley);
I_bnd_p_4du = mod( 4*du - (Ncs-1), Lgs); r_bnd_p_4du = mod( 4*du + (Ncs-1), Lgs); |_bnd_n_4du = mod( -4*du- (Ncs-1), Lys); r_bnd_n_4du = mod( -4*du + (Ncs-1), Ley);
I_bnd_p_5du = mod( 5*du - (Ncs-1), Lgs); r_bnd_p_5du = mod( 5*du + (Ncs-1), Lgs); |_bnd_n_5du = mod(-5*du- (Necs-1), Lys); r_bnd_n_Sdu = mod(-5*du + (Ncs-1), Le);
I_bnd_p_6du = mod( 6*du - (Ncs-1), Lgs); r_bnd_p_6du = mod( 6*du + (Ncs-1), Lgs); |_bnd_n_6du = mod(-6*du- (Ncs-1), Lys); r_bnd_n_6du = mod( -6*du + (Ncs-1), Ley);
// define 12 ranges wherein the cs could be shifted due to frequency offset up to 3 times of PRACH subcarrier spacing to cause the detection error. So cs within these ranges cant be used
invalid_flag = 0;
IF ( (cs_diff
(cs_diff>=

I_bnd_p_du AND cs_diff <= r_bnd_p_du) OR (cs_diff >=|_bnd_n_du AND cs_diff<=r_bnd_n_du) ~ OR (cs_diff >=|_bnd_p_2du AND cs_diff <= r_bnd_p_2du) OR

_bnd_n_2du AND cs_diff <= r_bnd_n_2du) OR (cs_diff >= |_bnd_p_3du AND cs_diff <= r_bnd_p_3du) OR (cs_diff >= |_bnd_n_3du AND cs_diff <=r_bnd_n_3du) OR

(cs_diff >=1_bnd_p_4du AND cs_diff <=r_bnd_p_4du) OR (cs_diff >=_bnd_n_4du AND cs_diff <= r_bnd_n_4du) OR (cs_diff >=|_bnd_p_Sdu AND cs_diff <=r_bnd_p_5du) OR

(cs_diff >=1_bnd_n_Sdu AND cs_diff <=r_bnd_n_5du) OR (cs_diff >=|_bnd_p_6du AND cs_diff <=r_bnd_p_6du) OR (cs_diff >=_bnd_n_6du AND cs_diff <=r_bnd_n_6du) )
invalid_flag = 1; // if the difference between the searched cs and candidate cs is within the 12 intervals, then the searched cs could be invalid cs

END

IF ((cv2==0 OR (cv2>0 AND mod(-cv2, Lys) >=Ncs AND cv2 —prev_valid_cs >= Ncs ) ) AND find_valid_cs(cv1) = 0 AND find_valid_cs(cv2) =0 ), search_flag = 1; ELSE, search_flag=0;
END //1, cs =0 should be checked whether can be a valid cs; 2, the difference of next valid cs and the most recent identified valid cs should be >= Ncs
// if s = 0is valid cs, then the candidate value near Ly, should have the difference with cs =0 for >= Ncs
IF ( search_flag == 1) // define the search flag to shorten the search time. For example, for the cs value which has been identified as invalid, then there is no need to search
IF (invalid_flag == 1)
IF (find_valid_cs(cv1) == 2), find_valid_cs(cv2) = 0; // the searched cs has range from 0 to Ly, for each candidate cs. o if the difference of searched cs and candidate cd is within
the 12 ranges, and the searched cs value has been identified as valid cs (searched cs < candidate cs), then the candidate cs CAN'T valid cs (handle a special condition)

ELSE, find_valid_cs(cv1) = 0; //normal condition that the searched cs value is identified as invalid
END
ELSE,  find_valid_cs(cv2) =2; //if invalid flag is not enabled, the candidate cs is identified as a valid cs
END
END

END // end of loop for cv1 increment
IF (find_valid_cs(cv2) == 2), prev_valid_cs = cv2; END
END //end of loop for cv2 increment

NOTE: The elements with value = 2 in the array find_valid_cs are the valid cyclic shift for use
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