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1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
[bookmark: OLE_LINK98][bookmark: OLE_LINK99]In RAN1 NR Adhoc#2 as the following [1] was agreed regarding the preamble formats:
	Agreements:
· Confirm the working assumption on supporting format 3
· For formats with L=839
· Unrestricted sets are supported
· For restricted sets
· 1.25 kHz: Restricted set A supported, Restricted set B is FFS 
· 5 kHz: Restricted set is supported with FFS if Restricted set A, B or both are supported
· For L=127/139 with option 1, formats with 1,2,4,6, and 12 OFDM symbols are supported
· Number of symbols can be adjusted if problems are identified
Agreements:
· For 15 kHz subcarrier spacing,
· Agree on following preamble formats A2, A3, B4
· Working assumption on following preamble formats A0, A1, B0, B1, B2, B3, C0, C1
	Preamble
format
	# of 
Sequence
	TCP
	TSEQ
	TGP
	Path profile 
(Ts)
	Path profile 
(us)
	Maximum 
Cell radius
(meter)
	Use case

	A
	0
	1
	144
	2048
	0
	48 
	1.56 
	469
	TA is already known or Very small cell

	
	1
	2
	288
	4096
	0
	96 
	3.13 
	938
	Small cell

	
	2
	4
	576
	8192
	0
	144 
	4.69 
	2,109
	Normal cell

	
	3
	6
	864
	12288
	0
	144 
	4.69 
	3,516
	Normal cell

	B
	0
	1
	144
	2048
	0
	48 
	1.56 
	469
	TA is already known or Very small cell

	
	1
	2
	192
	4096
	96
	96 
	3.13 
	469
	Small cell

	
	2
	4
	360
	8192
	216
	144 
	4.69 
	1,055
	Normal cell

	
	3
	6
	504
	12288
	360
	144 
	4.69 
	1,758
	Normal cell

	
	4
	12
	936
	24576
	792
	144 
	4.69 
	3,867
	Normal cell

	C
	0
	1
	1240
	2048
	0
	144
	4.69
	5300
	Normal cell

	
	1
	2
	1384
	4096
	0
	144
	4.69
	6000
	Normal cell





· Note 1: Unit is Ts, where Ts = 1/30.72MHz
· Note 2: PRACH preamble are aligned with OFDM symbol boundary for data with same numerology
· Note 3: Additional 16Ts for every 0.5ms should be included in TCP when RACH preamble is transmitted across 0.5ms boundary or from 0.5ms boundary
· Note 4: For format A, GP can be defined within the last RACH preamble among consecutively transmitted RACH preambles
· For 30/60/120 kHz subcarrier spacing, preamble format can be scaled according to subcarrier spacing. 
· Ts =1/(2*30720) ms for 30 kHz subcarrier spacing 
· Ts =1/(4*30720) ms for 60 kHz subcarrier spacing
· Ts =1/(8*30720) ms for 120 kHz subcarrier spacing
Note that some of the formats may not be applicable to all subcarrier spacings
[bookmark: OLE_LINK71][bookmark: OLE_LINK72]In this contribution, we analyze the short sequence preamble formats in the agreement and working assumption and propose the optimized solutions to the short sequence preamble format.
2. Discussion on the preamble formats
2.1 Problems of the short sequence preamble formats
The short sequence preamble formats A/B follow the design criterion that the PRACH preamble are aligned with OFDM symbol boundary for data with same numerology. The reason for this is that the gNB can use the same receiving beam to receive the PRACH symbols and the PUSCH/PUCCH symbols. The CP for the RACH preamble is the sum of the CP for the PUSCH or PUCCH OFDM symbols.
An example of format A1 is illustrated with in Figure 1.


Figure 1 illustration of symbol boundary alignment between RACH and data
In the above Figure 1, the gNB has two receiving beams: beam1 and beam2 are continuous in the time domain. The CP length of RACH is 288 samples which is the sum of two PUSCH symbols CP length (144 samples each). And the RACH boundary aligns with the two PUSCH symbols boundary.
If the transmitted RACH preamble when received at the gNB has no delay (e.g. UE is in the vicinity of the gNB), then the alignment is perfect which allows for ideal detection of the RACH symbols. The typical RACH procedure for initial access is non-synchronized, so the round trip delay may be very large due to the cell radius and UE location within the cell. While the UL data is transmitted synchronized, it means the arriving time between the RACH and data will be different.


Figure 2 RACH round trip delay
Figure 3 illustrates a problem using preamble format A2 (4 symbols). The first criterion is that the 4 RACH symbols shall be detected completely by 4 beams at any allowable round trip delay. The second criterion is that the extension of the RACH preamble format will not interfere to the next data slot. In this example we have assumed that the offset between the first path and last path is 144 samples. The first path aligns with the start of the detection window (red line in the figure), and the last path is delayed with 144 samples. In this example	 the coverage allowed by the CP length or the GP length will be zero. Even in the case when the path profile is zero, the largest allowed cell coverage is only 469m deduced from the 144 samples as the first RACH symbol should be guaranteed to be detected completely. 

Figure 3 the allowable coverage is zero

Observation 1: The current definition of preamble formats A/B only support very small cell coverage, in the case of large delay profile the coverage can be close to 0 meter.  
2.2 Solutions to the problem of short sequence preamble format
To solve the problem of short sequence preamble format, the RACH preamble should be sent in advanced compared with the UE received symbol boundary timing. As the round trip delay is not known when UE decides to transmit the RACH preamble, a reliable time advanced parameter should be set for the RACH preamble to guarantee perfect reception by the gNB and to avoid interference to next slot.
An example of the 4 symbols RACH format is showed in Figure 4 to illustrate the detailed design of the time advanced parameter.

Figure 4 PRACH format transmits in time advance
In this example, the CP length of each data symbol is 144 samples; the CP length of RACH symbol is 576 sample points according to the RACH preamble format. When the time advance of the RACH preamble is 144 samples, we can make sure that the RACH symbols 1 ~ 4 can be detected completely by the receiving beams 1 ~ 4 and the interference to the next slot is avoided. If the coverage is decided by the CP length, the maximum allowed round trip delay is 288 samples. If the coverage is decided by RACH preamble format doesn’t interfere the next slot, the maximum round trip delay is 144 samples. If the time advanced is more than 144 samples, RACH symbol 4 will not be detected by beam4 completely. So the normal CP length of data symbol with same numerology is the best value of the timing advanced parameter. Considering the round trip delay is not always the maximum value, the time advance smaller than the CP length of data can be allowed but performance loss can be expected.
The CP of RACH preamble will not be interfered by the previous DL symbols in case of time advance as the CP of preamble will be removed before the real detection.
Proposal 1: The short sequence preamble format should be sent in time advance to enlarge the cell coverage in case of gNB beam sweeping scenario
-The parameter of time advance is set to be the normal CP length of the data symbols.

In the beam sweeping scenario there is a need to have the alignment between the RACH preamble and the OFDM symbol boundary for data with same numerology.. While the multiple symbols in preamble format can also be used for coverage enhancement. In the coverage scenario, multiple RACH symbols are cascaded to improve the link budget by means of repetition gain. The gNB receiving beams are the same. For the coverage enhancement scenario, the principle of symbol alignment is not needed at all and is up to gNB implementation. Longer time advance for RACH can be used to guarantee the sufficient GP which protects the next slot after the RACH preamble. Below figure 5 illustrates the time advance in the coverage enhancement scenario.

Figure 5 PRACH format transmits in time advance at the coverage enhancement scenario
In the coverage enhancement scenario, if we neglect the path profile, the maximum time advanced parameter can be as long as the CP length of the RACH preamble format..
Proposal 2: The short sequence preamble format should be sent in time advance regardless the principle of the symbol boundary alignment in case of coverage enhancement scenario.
-The parameter of time advance can be as long as the CP length of RACH preamble format.

The motivation of ‘Note2’ (PRACH preamble are aligned with OFDM symbol boundary for data with same numerology) is to use one RF chain for both data and RACH receiving. It may be useful in case of higher frequency where low cost gNB may only be equipped with one RF chain. The limitation will dramatically impact the coverage of PRACH as shown in Figure 5.
But the limitation is not necessary for lower frequency bands where multiple RF chains can be assumed.
Figure 6 show the different RF chain for data and RACH and supporting larger additional TA

Figure 6 Larger additional TA of PRACH format in the case of different RF chain for data and RACH
As the data and RACH receiver use different RF chain, the symbol boundary alignment is not necessary. If we consider the path profile, the maximum time advance parameter is the CP length of RACH minus the CP length of data symbol.
2.3 High Speed and large cell
In the last meeting, we discussed the requirement of UE speed up to 500Km/h and larger coverage up to 40Km. It was assumed that that use case can be fulfill by using NR preamble format 0 under 1GHz carrier.
In this chapter we provide the simulation result to confirm the assumption.
In Figure 7 we show the missing detection rate with 1GHz carrier frequency and 500Km/h UE speed. It is clear that NR preamble format 0 can be used to meet the requirement of high speed and large cell.
[image: ]
Figure 7 Misdetection probability in the case of 500 km/h UE speed and 1GHz carrier frequency
Observation2: NR format 0 can be used to meet the requirement of high speed and large cell.
During the NR-AdHoc#2 meeting there was some FFS regarding restricted set:
· For restricted sets
· 1.25 kHz: Restricted set A supported, Restricted set B is FFS 
· 5 kHz: Restricted set is supported with FFS if Restricted set A, B or both are supported

In our view restricted set A is needed for Doppler frequency up to ± SCS. And for Doppler frequency above the SCS there is a further need to use restricted set B. 

For the 1.25 kHz case: 
In the case of carrier frequency up to 2 GHz and a UE speed of 350 km/h, then the Doppler frequency will be around 1.6 kHz. This is more than the SCS of 1.25 kHz. Hence we see a need to also support restricted set B for SCS of 1.25 kHz. 
For the 5 kHz case:
According to our analysis of the requirement regarding UE speed (500 km/h), supported carrier frequency (up to 6 GHz) and frequency uncertainty of in total 0.15 ppm we see a need to support both restricted set A and B. As the maximum Doppler frequency can be up to 6.5 kHz. This is higher than the SCS of 5 kHz. Hence we see a need to support both restrictive set A and restrictive set B for SCS of 5 kHz.
Proposal 3: NR support restrictive set A and B for SCS = 1.25 and 5 kHz. 
3. Format C2 for larger coverage
In the working assumption of format C0, C1, the maximum cell radius can reach 5300~6000 meters when RACH SCS equals 15 kHz. With the scalable principle, when RACH SCS equals 120 kHz, the cell radius is about 660~750 meters. In the case of fixed wireless access (FWA) with one 1 km cell radius, the cell radius is not enough using the current proposed formats, an additional format C2 is proposed. Format C2 has four repeated RACH symbols and longer CP length to guarantee the 1km coverage. The format C2 can be used for SCS=120 kHz only. .
	Preamble
Format
	# of 
Sequence
	TCP
	TSEQ
	TGP
	Path profile 
(Ts)
	Path profile 
(us)
	Maximum 
Cell radius
(meter)
	Use case

	C
	2
	4
	2048
	8192
	0
	144 
	4.69 
	1162
	FWA



4. Conclusions
Observation 1: The current definition of preamble formats A/B only support very small cell coverage, in the case of large delay profile the coverage can be close to 0 meter.
Observation2: NR format 0 can be used to meet the requirement of high speed and large cell.
Proposal 1: The short sequence preamble format should be sent in time advance to enlarge the cell coverage in case of gNB beam sweeping scenario
-The parameter of time advance is set to be the normal CP length of the data symbols.
Proposal 2: The short sequence preamble format should be sent in time advance regardless the principle of the symbol boundary alignment in case of coverage enhancement scenario.
-The parameter of time advance is up to the CP length of RACH format.
Proposal 3: NR support restrictive set A and B for SCS = 1.25 and 5 kHz. 
Proposal 4: Adopt preamble format C2 for larger coverage.
	Preamble
format
	# of 
Sequence
	TCP
	TSEQ
	TGP
	Path profile 
(Ts)
	Path profile 
(us)
	Maximum 
Cell radius
(meter)
	Use case

	C
	2
	4
	2048
	8192
	0
	144 
	4.69 
	1162
	FWA



[bookmark: OLE_LINK59][bookmark: OLE_LINK60]References
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