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1	Introduction
During last NR HST discussion in RAN4#92 meeting, the requirements for PRACH under high speed scenario were further discussed. The general issue and simulation assumption with PRACH was approved and captured in WF [1].
In this contribution, the view on remain issue of PRACH is presented. Meanwhile, the initial results are provided for alignment purpose.
2	Discussion and simulation results
2.1	Discussion
PRACH format
The supported PRACH formats with HST are divided into two targeting speeds, as indicated as follows:
	- PRACH
· PRACH format
· For 350km/h velocity, use PRACH format 0
· For 500km/h, use PRACH format A2/B4/C2
- FFS if PRACH format 0 shall be used



It is well known that cyclic shift distortion caused by the frequency offset may create false alarm correlation peaks during PRACH detection. Theoretically, the frequency offset supported for PRACH is related with the value of Subcarrier spacing and restricted set of cyclic shift. The current designed cyclic shift set for type B can support for uplink Doppler frequency offset up to twice of the PRACH Subcarrier spacing, i,e. [-2.5KHz, 2.5KHz]. 
Base the agreement of PUSCH, with 500km/h velocity, the targeting carrier frequency is 1.9GHz or 2.1GHz. The corresponding frequency offset with 2.1GHz is 1944Hz, where the value is same as agreed requirement for LTE Rel-16 HST. While, with targeting 3.6Hz, the frequency offset will be up to 3334Hz. The value is exceed the range of [-2.5 KHz, 2.5 KHz].
Observation 1: For 500km/h, the PRACH with format 0 is no longer suitable with targeting 3.6GHz carrier frequency. It is suitable with 2.1GHz carrier frequency, the corresponding frequency offset is 1944Hz.
Test case applicability 
For PRACH requirement with normal mode, Rel-15 has defined the test applicability rule for different PRACH formats and SCS. Specially, PRACH requirements tests shall apply only for each format declared to be supported. For each FR, the tests shall apply only for the smallest supported subcarrier spacing in the FR. For HST requirements, the short formats with A2/B4/C2 for both 15KHz SCS and 30KHz SCS are introduced. In our view, this test applicability rule should be applied for short formats under HST scenario. 
For format 0, HST requirement with both restricted set type A and type B are defined. Generally, restricted set type B can support higher Doppler shifts. If both set type A and type B are declared to be supported, the tests shall be done for either restricted set type A or type B
Proposal 1: If both restricted set type A and type B are declared to be supported, the HST PRACH format0 requirement shall be done for either restricted set type A or type B.
Frequency offset
During the last meeting, the frequency offset for PRACH format 0 and short sequence format is agreed as following:
	- PRACH
· Frequency offset
· Frequency offsets under AWGN for PRACH format 0 for 350km/h
- Restricted set type A
· High-mobility scenario: 1340Hz
· FFS Low mobility scenario with 0Hz
- Restricted set type B
· High-mobility scenario:
· Option 1: 2334Hz
· Option 2: 1875Hz
· FFS low mobility scenario with 0Hz
· Frequency offsets for PRACH formats with short sequence length targeting 500km/h
- Align with PUSCH maximum Doppler Shift



In LTE, expect for high frequency offset, some lower value of frequency offset requirement are specified for both type A and type B, such as 0Hz and 625Hz. In our view, the motivation is to verify the feasibility of restricted set and receiver condition. To align with LTE, we prefer to define the requirement with low mobility scenario with 0Hz frequency offset for both type A and type B.  
Proposal 2: Define the requirement with 0Hz frequency offset for restricted set type A and type B.
As for the restricted set type B, both 2334Hz and 1875Hz are feasible for current cyclic shift set within the range of  [-2.5KHz, +2.5KHz]. The frequency offset 1875Hz is the existing requirement for LTE, the value is chosen with taking into 1.5 time of PRACH format 0 subcarrier spacing (1.5*1/0.8). In this case, the receiver is in difficult condition because several correlation peaks are observed. The frequency offset 2334Hz corresponds to 350km/h with targeting 3.6GHz carrier frequency. For this case, the high detection performance can be achieved compared with frequency offset 1875Hz, due to the strong correlation peak is close to 2500Hz position. As shown in our initial results, better performance with 2334Hz can be expected compared with 1875Hz.  
Proposal 3: The requirement with 2334Hz for restricted set type B could be defined with targeting 3.6GHz carrier frequency for high mobility scenario. The requirement with 0Hz for restricted set type B could be defined for low mobility scenario.
Test Preamble Parameters 
To perform PRACH testing, the parameters {Ncs, logical sequence index, v} need to be specified. Generally, the number of root sequences {u} required and the cyclic shift length are dependent on the cell size. For small cell size, only root sequence can be used to generate all preambles and the preambles are all orthogonal within the allowed timing offset.  For larger cell size, multiple root ZC sequences are needed and preambles from different roots are no longer orthogonal. As agreed in the last meeting, the test preamble parameters are defined as follows
	· Format 0
· Restricted set type A
· Option 1: {Ncs,logical sequence index, v}={15,384,30} {Reusing the existing LTE format 0 parameters with type A}
· Option 2: {Ncs, logical sequence index, v}={15,384,36}
· Other options are not precluded
· Sequence should not have unusually good performance
· Restricted set type B
· Option 1: {Ncs,logical sequence index, v}={15,384,30} {Reusing the existing LTE format 0 parameters with type A}
· [bookmark: OLE_LINK1]Option 2: {Ncs, logical sequence index, v}={15,384,36}
· Other options are not precluded
· Sequence should not have unusually good performance
· Short sequence format
· 15KHz
· Option 1: {Ncs,logical sequence index, v}={23,0,0} {Reusing the existing NR parameters for short format under 15KHz}
· Other options are not precluded
· 30KHz
· Option 1: {Ncs, logical sequence index, v}={46,0,0} {Reusing the existing NR parameters for short format under 30KHz}
· Other options are not precluded.



For restricted set type A, option 1 with {Ncs,logical sequence index, v}={15,384,30} should be a typo , where it should be updated as {Ncs,logical sequence index, v}={15,384,0} in order to align with LTE assumption.
Normally, restricted set type A can allow the maximum Doppler value is 1.25KHz. For larger then 1250KHz, the correlation peak will out of the (0, ±du) detection windows, which results in the detection ambiguity with cyclic shift. 
As for restricted set type B, it can allow five detection windows with (0,±du, ±2 du). In the following, the initial analysis for correlation peak values with different preamble configuration is provided.
In case of frequency offset equal to 1944Hz, two comparable correlation peaks will appear as indicated in Figure 1 and Figure 2, with different detection preamble v.	
[image: ]
Figure 1: correlation peaks distribution while u=8, du=409,v=0, Ncs=15, Doppler shift =1944Hz


[image: ]
Figure 2: correlation peaks distribution while u=8, du=409,v=30, Ncs=15, Doppler shift =1944Hz

Based on RAN1 spec, the cyclic shift Cv is given by


As indicated by figure 1 and figure 2, five window detection can be found for the larger correlation peak with (0, ±du,±2du ) regions
For figure 1, v=0, du=409, d_start =57,n_RA_group =7,n_RA_shift =1. Two comparable correlation peaks in the position 22 and 431, are corresponding to -2du and –du.
For figure 2, v=30, du=21, d_start= 99, n_RA_group= 8,n_RA_shift =1. Two comparable correlation peaks in the position 22 and 43, are corresponding to du and 2du.
Furthermore, we investigate the correlation for two restricted set with different configuration as follow:


[image: ]   [image: ]
Figure 3: Different correlation peak value location with different logical index and test preamble ID for set A
(Left:  logical index 383, v=0, 4, 11,  right : logical index 383, v=18, 22,30)

[image: ]   [image: ]
Figure 4: Different correlation peak value location with different logical index and test preamble ID for set A
(Left:  logical index 385, v=53,55, 63,  right : logical index 386, v=51, 46,36)


[image: ]
Figure 5: Different correlation peak value location for set A under 1340Hz and 3334Hz
For figure 3 and 4, we compared the different logical index with 384, 385, 386, and 387. For each logical index, different test preamble ID within 64 total preambles. The peak positions for test preamble ID v = 0, 4, 11 are located with detection window [280,295], [220, 235] and [115,130], respectively for logical index 384; for test preamble ID v = 18, 22, 30 are located with detection window [559,574], [449, 514] and [379,394], respectively for logical index 385; for test preamble ID v = 36, 46, 51 are located with detection window [265,280], [115, 130] and [40,55]  respectively for logical index 386; for test preamble ID v = 53, 55, 63 are located with detection window [574,589], [544, 559] and [424,439]  respectively for logical index 387; 
For figure 5, the correlation peak values with different Doppler value 1340Hz and 3334Hz for restricted set type A. The peak value position should be located with [265, 280] under configuration {Ncs=15, logical index =384, v=36}. As indicated, the peak position with frequency offset is located outside of detection window, which will result in the missing detection.

Figure 6: Miss Detection probability for set A with 1340Hz and Set B with 2334Hz
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]From the initial results, the performance gap about 0.5dB compared with test preamble ID (v=0 and v=30).  In our view, the test preamble IDs are belonging to two different root sequences, the orthogonality is no longer guaranteed. So, it is reasonable that there is some performance difference with different preamble configurations.
Observation 3: The performance gap is less than 0.5dB for both restricted set type A and type B with different test preamble ID. There is no obvious performance for different root sequence 
As for option 2 ({Ncs, logical sequence index, v} = {15, 384, 36}) in restricted set type B, based on the restricted set definition, du=280. There are five detection windows with {5, 167}, {168, 206}, {213,240}, {239,274} and {284,336}, the value of du is not valid for these detection windows. 
Based on our analysis, this option is not valid.
Observation 4: The test preamble configuration of option 2 {Ncs, logical sequence index, v} = {15, 384, 36} is not feasible 
Proposal 4: The test preamble configuration of  {Ncs, logical sequence index, v} = {15, 384, 0} for restricted set type A, and {Ncs, logical sequence index,v}={15, 384, 30} for restricted set type B are feasible.
As for short sequence format, there is no restricted set limitation. Generally, the short sequence format is available for small cell size. As mentioned, for small cell size, only root sequence can be used to generate all preambles and the preambles are all orthogonal. Different with long sequence format, the length of short format is 139. For Ncs=23 and Ncs=46, there will be approximately 6/3 preambles per root sequence, which requires simply 11/22 root sequences. Considering the trade of cell coverage and root sequence reuse factor, we prefer to reuse the existing preamble configuration.
Proposal 5: Reuse the test preamble configuration defined in Rel-15 short sequence format for HST requirement.
2.2	Simulation results
In this subsection, the initial results for PRACH format 0 with restricted set type A and type B, as well as short sequence format are provided for initial alignment.  As for test preamble configuration, we reuse the parameters specified in LTE and NR as follows:
Table 1: test preambles for high speed Mode restricted set type A and B
	Burst format
	Restricted set 
	Ncs
	Logical sequence index
	v

	0
	Type A
	15
	384
	0

	
	Type B
	15
	30
	30



Table 2: test preambles for short sequence format with 15KHz and 30KHz SCS
	Burst format
	SCS
	Ncs
	Logical sequence index
	v

	0
	15
	23
	0
	0

	
	30
	46
	0
	0



Table 3: Ideal result for High Speed Mode restricted set type A for Format 0
	Number of Tx antennas
	Number of Rx antennas
	Propagation conditions  and correlation
	Frequency  offset
	SNR [dB]

	1
	2
	AWGN
	0Hz
	-16.14

	
	
	AWGN
	1340Hz
	-16.09

	
	
	TDLC300-100 Low
	400Hz
	-7.32

	
	4
	AWGN
	0Hz
	-18.62

	
	
	AWGN
	1340Hz
	-18.54

	
	
	TDLC300-100 Low
	400Hz
	-12.60

	
	8
	AWGN
	0Hz
	-21.06

	
	
	AWGN
	1340Hz
	-20.99

	
	
	TDLC300-100 Low
	400Hz
	-16.87



Table 4: Ideal result for High Speed Mode restricted set type B for Format 0
	Number of Tx antennas
	Number of Rx antennas
	Propagation conditions  and correlation
	Frequency  offset
	SNR [dB]

	1
	2
	AWGN
	1944Hz
	-13.78

	
	
	AWGN
	1875Hz
	-13.68

	
	
	AWGN
	2334Hz
	-15.80

	
	
	TDLC300-100 Low
	400Hz
	-6.97

	
	4
	AWGN
	1944Hz
	-16.19

	
	
	AWGN
	1875Hz
	-16.10

	
	
	AWGN
	2344Hz
	-18.28

	
	
	TDLC300-100 Low
	400Hz
	-12.34

	
	8
	AWGN
	1944Hz
	-18.46

	
	
	AWGN
	1875Hz
	-18.38

	
	
	AWGN
	2334Hz
	-20.63

	
	
	TDLC300-100 Low
	400Hz
	-16.58



Observation 5:  The requirements of frequency offset 2334H is around 2dB better than frequency offset 1875Hz and 1944Hz.

Table 5: Ideal result for short sequence format for 15 KHz (to be updated)
	Format
	Number of Tx antennas
	Number of Rx antennas
	Propagation conditions  and correlation
	Frequency  offset
	SNR [dB]

	A2
	1
	2
	AWGN
	1944Hz
	-13.24

	A2
	
	4
	AWGN
	
	-15.44

	A2
	
	8
	AWGN
	
	

	A2
	
	2
	AWGN
	1750Hz
	-13.23

	A2
	
	4
	AWGN
	
	-15.47

	A2
	
	8
	AWGN
	
	

	B4
	
	2
	AWGN
	1944Hz
	-16.74

	B4
	
	4
	AWGN
	
	-18.83

	B4
	
	8
	AWGN
	
	

	B4
	
	2
	AWGN
	1750Hz
	-16.73

	B4
	
	4
	AWGN
	
	-18.84

	B4
	
	8
	AWGN
	
	

	C2
	
	2
	AWGN
	1944Hz
	-13.23

	C2
	
	4
	AWGN
	
	-15.46

	C2
	
	8
	AWGN
	
	

	C2
	
	2
	AWGN
	1750Hz
	-13.25

	C2
	
	4
	AWGN
	
	-15.48

	C2
	
	8
	AWGN
	
	



Table 6: Ideal result for short sequence format for 30 KHz SCS ((to be updated))
	Format
	Number of Tx antennas
	Number of Rx antennas
	Propagation conditions  and correlation 
	Frequency  offset
	SNR [dB]

	A2
	1
	2
	AWGN
	3334HZ
	-13.10

	A2
	
	4
	AWGN
	
	-15.39

	A2
	
	8
	AWGN
	
	

	A2
	
	2
	AWGN
	3000Hz
	-13.12

	A2
	
	4
	AWGN
	
	-15.39

	A2
	
	8
	AWGN
	
	

	B4
	
	2
	AWGN
	3334HZ
	-16.70

	B4
	
	4
	AWGN
	
	-18.74

	B4
	
	8
	AWGN
	
	

	B4
	
	2
	AWGN
	3000Hz
	-16.68

	B4
	
	4
	AWGN
	
	-18.76

	B4
	
	8
	AWGN
	
	

	C2
	
	2
	AWGN
	3334HZ
	-13.13

	C2
	
	4
	AWGN
	
	-15.38

	C2
	
	8
	AWGN
	
	

	C2
	
	2
	AWGN
	3000Hz
	-13.13

	C2
	
	4
	AWGN
	
	-15.38

	C2
	
	8
	AWGN
	
	



3	Conclusion
In this contribution, the view of HST PRACH requirement is presented. Furthermore, the initial results are provided to check the feasibility of high frequency offset for PRACH.
Observation 1: For 500km/h, the PRACH with format 0 is no longer suitable with targeting 3.6GHz carrier frequency. It is suitable with 2.1GHz carrier frequency, the corresponding frequency offset is 1944Hz.
Proposal 1: If both restricted set type A and type B are declared to be supported, the HST PRACH format0 requirement shall be done for either restricted set type A or type B.
Proposal 2: Define the requirement with 0Hz frequency offset for restricted set type A and type B.
Proposal 3: The requirement with 2334Hz for restricted set type B could be defined with targeting 3.6GHz carrier frequency for high mobility scenario. The requirement with 0Hz for restricted set type B could be defined for low mobility scenario.
Observation 3: The performance gap is less than 0.5dB for both restricted set type A and type B with different test preamble ID. There is no obvious performance for different root sequence 
Observation 4: The test preamble configuration of option 2 {Ncs, logical sequence index, v} = {15, 384, 36} is not feasible 
Proposal 4: The test preamble configuration of  {Ncs, logical sequence index, v} = {15, 384, 0} for restricted set type A, and {Ncs, logical sequence index,v}={15, 384, 30} for restricted set type B are feasible.
Proposal 5: Reuse the test preamble configuration defined in Rel-15 short sequence format for HST requirement.
[bookmark: _GoBack]Observation 5:  The requirements of frequency offset 2334H is around 2dB better than frequency offset 1875Hz and 1944Hz.
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