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Introduction
In RAN4#86bis, in [1], one high level WF is approved for BS demodulation. In this paper, we provide our view on some details setup for PRACH.
[bookmark: _Ref513556193]Background
In RAN1, Four PRACH formats with long sequence are defined and nine PRACH formats with short sequence are defined. In Table 1, the PRACH formats with long sequence are given and the PRACH formats with short sequence are given in Table 2.


[bookmark: _Ref513555545]Table 1: PRACH preamble formats for  and .
	Format
	

	

	

	

	Support for restricted sets

	0
	839
	1.25 kHz
	

	

	Type A, Type B

	1
	839
	1.25 kHz
	

	

	Type A, Type B

	2
	839
	1.25 kHz
	

	

	Type A, Type B

	3
	839
	5 kHz
	

	

	Type A, Type B






Table 2: Preamble formats for  and  where .
	Format
	

	

	

	

	Support for restricted sets

	[bookmark: _Hlk494194986]A1
	139
	

	

	

	-

	A2
	139
	

	

	

	-

	A3
	139
	

	

	

	-

	B1
	139
	

	

	

	-

	B2
	139
	

	

	

	-

	B3
	139
	

	

	

	-

	B4
	139
	

	

	

	-

	C0
	139
	

	

	

	-

	C2
	139
	

	

	

	



For PRACH formats with short sequence, each format can have potential 4 different subcarrier spacing (SCS). 
Test cases down selections
As discussed in section 2, we have at least about 4+9*4=40 formats considering all possible combination of SCS and PRACH formats. If they are combined with the bandwidth, different channel model and different frequency offset and doppler, tremendous test cases will be introduced for PRACH formats. It is quite costly and not feasible to define test cases for all PRACH configuration. The group should discuss how to make down selection to reduce the test cases number.
[bookmark: _Toc513566675][bookmark: _Toc513580290][bookmark: _Toc514067724]RAN4 only define performance requirements for selected PRACH formats and SCS combinations
In RAN4, as one of the purposes of RAN4 performance requirements, we define performance requirements to verify BS can properly handle the corresponding physical channel. For PRACH, two types of PRACH structure are introduced, one is for PRACHs with long sequence, and one is for PRACHs with short sequence. For PRACH with long sequence, one PRACH symbol is across multiple OFDM data symbols. For PRACH with short sequence, it consists multiple short OFDM symbols. The structure is different from PRACH with long sequence and short sequence. It will lead to different hardware implementation. For the same PRACH structure, the only difference is the parameters configuration. It has not too much difference for the receiver itself. Therefore, as the first principle, one structure of PRACH is with one test or limited test cases and different structure of PRACH can have different test cases. Thus, for PRACH with long sequence, we just need to define one test case. 
[bookmark: _Toc513566676][bookmark: _Toc513580291][bookmark: _Toc514067725]At most one test case is defined for PRACH with long sequence 
In principle, for PRACH with short sequence, one test case for one selected PRACH format is enough as well. However, considering FR1 and FR2, different SCS may be used for PRACH transmission, thus, at least multiple SCSs shall be tested. To have more coverage with limited test cases, we can make some combination of SCS and PRACH formats. More specifically, we can introduce multiple test cases for PRACH with short sequence, but for a given SCS, only one PRACH format is selected for the test. 
[bookmark: _Toc513566677][bookmark: _Toc513580292][bookmark: _Toc514067726]For PRACH with short sequences, multiple test cases can be introduced, but at most one test case is introduced for a given SCS
As a second principle, in Rel-15, we can just define performance requirements for the typical operation and down prioritize the configuration for the performance enhancement and optimization. For the PRACH with long sequence, we have four formats. For format 1, it is used for large cell. For Format 2, it is used for coverage enhancement and for format 3, it is used for high speed case. The usage scenarios are shown in Table 2. 
[bookmark: _Ref513559834]Table 2: Usage scenarios for PRACH with long sequence
	Format
	

	

	

	

	Usage scenarios

	0
	839
	1.25 kHz
	

	

	LTE refarming 

	1
	839
	1.25 kHz
	

	

	Large cell, up to 100 km

	2
	839
	1.25 kHz
	

	

	Coverage enhancement

	3
	839
	5 kHz
	

	

	High speed case



Obviously, Format 0 is much more essential for NR operation. For format 1, 2 and 3, it is purely used only for selected scenarios. Thus, if one is selected for the PRACH with long sequence, Format 0 is preferable.
As another example for PRACH with short sequence, in 38.211, we define format B2, B3, but B2 and B3 cannot be used independently, it can only be used as a package with A2 and B3. As shown in the Table 6.3.3.2-2 of 38.211 and recapped in Table 3, we only define index to A2/B2 and A3/B3, and there is no index to indicate B2 and B3 only. The package of A2/B2 and A3/B3 is only used to maximize the possible number of preambles within one slot. It is only used for the optimization scenarios. Thus, B2 and B3 or A2/B2 and A3/B3 shall not be selected as the test PRACH format. For Format C2, one issue is the overhead. The overhead of C2 is 38%. Thus, it is also used for some special scenarios. 


[bookmark: _Ref513560540]Table 3: Partial random-access configurations for a package A2/B2 and A3/B3
	…
	…
	…
	…
	…
	…
	…
	…
	…

	137
	A2/B2
	2
	1
	2,6,9
	0
	1
	3
	4

	138
	A2/B2
	2
	0
	4
	0
	2
	3
	4

	139
	A2/B2
	1
	0
	4
	0
	1
	3
	4

	140
	A2/B2
	1
	0
	1,6
	0
	1
	3
	4

	141
	A2/B2
	1
	0
	4,9
	0
	1
	3
	4

	142
	A2/B2
	1
	0
	1
	0
	2
	3
	4

	143
	A2/B2
	1
	0
	7
	0
	2
	3
	4

	144
	A2/B2
	1
	0
	1,4,7
	0
	2
	3
	4

	145
	A2/B2
	1
	0
	0,2,4,6,8
	0
	2
	3
	4

	146
	A2/B2
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	2
	3
	4

	…
	…
	…
	…
	…
	…
	…
	…
	…

	167
	A3/B3
	2
	1
	2,6,9
	0
	2
	2
	6

	168
	A3/B3
	2
	0
	4
	0
	2
	2
	6

	169
	A3/B3
	1
	0
	4
	0
	1
	2
	6

	170
	A3/B3
	1
	0
	1,6
	0
	1
	2
	6

	171
	A3/B3
	1
	0
	4,9
	0
	1
	2
	6

	172
	A3/B3
	1
	0
	1
	0
	2
	2
	6

	173
	A3/B3
	1
	0
	7
	0
	2
	2
	6

	174
	A3/B3
	1
	0
	1,4,7
	0
	2
	2
	6

	175
	A3/B3
	1
	0
	0,2,4,6,8
	0
	2
	2
	6

	176
	A3/B3
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	2
	2
	6



For A1~A3, A3 have 6 sequences and A1 only have 2 sequences, thus, A3 is more general than A1 from verifying receiver behaviour point of view. In other words, if gNB can have good performance for A3, it should have good performance for A1 too. The same principle can be applied for B1 and B4. Thus, A3 and B4 is a good candidate for the PRACH format. 
[bookmark: _Toc513566672][bookmark: _Toc513567710][bookmark: _Toc513579928]A3 and B4 is a good candidate as the selected PRACH format with short sequence
For the SCS, according to the RAN4 RF discussion, 15 kHz and 30 KHz will be used for FR1 and 60kHz and 120kHz for FR2. Since 15kHz has been verified by format 0, thus, 30 KHz can be selected for FR1. For FR2, we can select 120 KHz. As one potential combination, we can combine 120 KHz with A3 and 30 KHz with B4. 

Test metric
In LTE, the test metric for PRACH requirements are the false alarm probability and the probability of detection. For the false alarm probability, the false alarm probability shall be less than or equal to 0.1% and the probability of detection shall be equal to or exceed 99%. In the definition of the probability of detection, as one error case of the several error cases –correct preamble detection but with the wrong timing estimation, this timing error requirements are correlated with the channel. For AWGN, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than 1.04us. For ETU70 and EPA1, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than 2.08us. The strongest path for the timing estimation error refers to the strongest path (i.e. average of the delay of all paths having the same highest gain = 310ns for ETU) in the power delay profile.
There are several issues need to be addressed before reusing this test metric. First, since the channel for NR is not decided yet, how to define the range need more study. For FR2, some of tradition channel model cannot be used directly, since the delay spread is too large relative to the CP length. Second, since OTA test is used for FR2, the propagation delay in the transmission over the air is with more uncertainty compared with conduct test. Thus, RAN4 need more study on the test metric. 
[bookmark: _Toc513579929]RAN4 need more study on the test metric for PRACH at least regarding the timing error definition
General setup
Antenna configuration
As a general principle, antenna configuration for PRACH shall keep the same configuration as PUSCH, PUCCH. Further to simplify the maintenance of the performance and test case, we prefer to keep the same antenna configuration for FR1 and FR2. For FR2, only OTA test is feasible. For OTA test, due to the test complexity, we prefer only test 1 Tx and 2 RX. 
Channel model
In LTE, we have defined performance requirements for AWGN and fading channel with frequency offset. In NR, since the channel model need more discussion for both FR1 and FR2, Thus, we propose to define performance requirements for AWGN first and consider fading channel with frequency offset later. 
[bookmark: _Hlk498435570]Restricted sets 
In NR, for format 0~3, restricted sets are supported. For PRACH format with short sequence, restricted sets are not supported. From receiver point of view, whether supporting restricted set or not has not too much impact on the receiver behaviour. Thus, we prefer not to configure restricted set in the PRACH performance test. 
Bandwidth
The bandwidth shall be kept the same as PUSCH and PUCCH []. In the companion paper, the bandwidth is proposed. 
Logical sequence index
To generate the PRACH sequence, we need give the number of root sequences (u) required and the cyclic shift length (NCS).  The number of root sequences (u) required and the cyclic shift length (NCS) are dependent on the cell size. For small cell size, only one root sequence can be used to generate all preambles. In Rel-8, we use Ncs=13 for the simulation for format 0. We can reuse the same assumption for Format 0 in NR. For PRACH with short sequence, the cell size is scaled according to the SCS of PRACH. The Ncs value shall be decided based on the configured SCS. As a general principle,  shall satisfy the following condition:

where  is the PRACH sequence length and duration (measured in s),  is 139 for short sequence, and  is the maximum delay spread,  is the cell size and  is the number of additional guard samples due to the receiver pulse shaping filter. For example, when 30KHz is used and Ncs=6, the cell size is about 200 m. 

Conclusion
In this paper, we share our view on how to define PRACH performance requirements, we have the following observations:
Observation 1	A3 and B4 is a good candidate as the selected PRACH format with short sequence
Observation 2	RAN4 need more study on the test metric for PRACH at least regarding the timing error definition

Based on the discussion, we propose the following:
Proposal 1	RAN4 only define performance requirements for selected PRACH formats and SCS combinations
Proposal 2	At most one test case is defined for PRACH with long sequence
Proposal 3	For PRACH with short sequences, multiple test cases can be introduced, but at most one test case is introduced for a given SCS


[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref513555319][bookmark: _Ref174151459][bookmark: _Ref189809556]R4-1806015, Way forward on NR BS demodulation performance, Huawei, Nokia, Nokia Shanghai Bell, Ericsson, Samsung, March 2018.
R4-1806158, General Issues NR BS Demodulation Requirements, Ericsson, May 2018.
R4-080528, Joint proposal for change the PRACH simulation assumptions, Nokia Siemens Networks, Ericsson, NTT DoCoMo, Feb. 2008. 

	1/5	
image2.wmf
{

}

kHz

 

5

,

25

.

1

RA

Î

D

f


oleObject58.bin

oleObject59.bin

oleObject60.bin

oleObject2.bin

image3.wmf
RA

L


oleObject3.bin

image4.wmf
RA

f

D


oleObject4.bin

image5.wmf
u

N


oleObject5.bin

image6.wmf
RA

CP

N


oleObject6.bin

image7.wmf
k

24576


oleObject7.bin

image8.wmf
k

3168


oleObject8.bin

image9.wmf
k

24576

2

×


oleObject9.bin

image10.wmf
k

21024


oleObject10.bin

image11.wmf
k

24576

4

×


oleObject11.bin

image12.wmf
k

4688


oleObject12.bin

image13.wmf
k

6144

4

×


oleObject13.bin

oleObject14.bin

image14.wmf
139

RA

=

L


oleObject15.bin

image15.wmf
kHz

 

2

15

RA

m

×

=

D

f


oleObject16.bin

image16.wmf
{

}

3

,

2

,

1

,

0

Î

m


oleObject17.bin

oleObject18.bin

oleObject19.bin

image17.wmf
u

N


oleObject20.bin

oleObject21.bin

image18.wmf
kHz

 

2

15

m

×


oleObject22.bin

image19.wmf
m

k

-

×

×

2

2048

2


oleObject23.bin

image20.wmf
m

k

-

×

2

288


oleObject24.bin

oleObject25.bin

image21.wmf
m

k

-

×

×

2

2048

4


oleObject26.bin

image22.wmf
m

k

-

×

2

576


oleObject27.bin

oleObject28.bin

image23.wmf
m

k

-

×

×

2

2048

6


oleObject29.bin

image24.wmf
m

k

-

×

2

864


oleObject30.bin

oleObject31.bin

image25.wmf
m

k

-

×

×

2

2048

2


oleObject32.bin

image26.wmf
m

k

-

×

2

216


oleObject33.bin

oleObject34.bin

image27.wmf
m

k

-

×

×

2

2048

4


oleObject35.bin

image28.wmf
m

k

-

×

2

360


oleObject36.bin

oleObject37.bin

image29.wmf
m

k

-

×

×

2

2048

6


oleObject38.bin

image30.wmf
m

k

-

×

2

504


oleObject39.bin

oleObject40.bin

image31.wmf
m

k

-

×

×

2

2048

12


oleObject41.bin

image1.wmf
839

RA

=

L


image32.wmf
m

k

-

×

2

936


oleObject42.bin

oleObject43.bin

image33.wmf
m

k

-

×

2

2048


oleObject44.bin

image34.wmf
m

k

-

×

2

1240


oleObject45.bin

oleObject46.bin

oleObject47.bin

image35.wmf
m

k

-

×

2

2048


oleObject1.bin

oleObject48.bin

oleObject49.bin

oleObject50.bin

oleObject51.bin

oleObject52.bin

oleObject53.bin

oleObject54.bin

oleObject55.bin

oleObject56.bin

oleObject57.bin

