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1. Introduction
We have agreements on many aspects on PRACH format but there are still some remaining issues. This contribution discusses remaining issues on defining PRACH format.

	Agreements (in RAN1#91bis):

· Confirm working assumption of cyclic shift values for preamble format 3
· Confirm working assumption, L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence

· For FDD, RACH resources can be mapped onto UL slots irrespective of the time locations of SS/PBCH block

· NR-RACH configurations can be specified using a table similar to LTE, this table is index by the PRACH Config Index
· Frequency multiplexed PRACH transmission occasions use the same PRACH Config Index 
· NR strives to minimize the number of bits needed for the RACH configuration 
· Use 8-bits as the starting point
· FFS: If SCS and formats are part of the table

· The slot duration for PRACH resource mapping for short preamble formats (i.e., L=139) is based on the RACH Msg1 numerology, i.e. SCS. 
· The slot duration for PRACH resource mapping for long preamble formats (i.e., L=839) is based on 15kHz SCS 

· The pattern given by the PRACH Config Index repeats every RACH Configuration Period 
· The density and duration within each configuration period are FFS
· Including the possibility of in every slot
· RACH Configuration Period: 
· (working assumption) 10/20/40ms
· FFS 80ms/160ms
· FFS if the same values will be used for above and below 6GHz
· FFS the details in terms of how the pattern and configuration period are specified (e.g., via a table, via a formula, etc.)

· One PRACH format is configured for a cell
· FFS the impact BWP/SUL
· For PRACH formats based on short sequence length
· Format A and format B is considered as a package for the PRACH configuration, configures either format A/B or format C 
· If format A/B is configured, the last PRACH resource within a RACH slot uses the format B and other PRACH resources within the RACH slot uses format A 
· At least support only format B4 within a RACH slot, in the case of a single PRACH occasion within a RACH slot
· FFS Support a PRACH format taken from A0/A1/A2/A3 within a RACH slot 

· NR at least supports RACH configuration that have the same starting symbol in all RACH slots
· Values of starting symbol: 0, 2
· FFS other values
· For TDD, RACH configurations maps RACH resources onto slots irrespective of the time locations of actually transmitted SS/PBCH block
· In the case that an actually transmitted SS/PBCH block overlap with a RACH resource within a RACH configuration period, define rules for which RACH resources that are still valid
· FFS: the rules (no RRC signalling involved in defining the rules)
· Also consider the DL/UL switching points
· Also consider potential impact due to semi-static DL/UL configuration and/or dynamic SFI
· Note: RAN1 strives to minimize the impact of the time location of the SS/PBCH block to the RACH configuration table design

· RACH PRB allocation is the PRBs allocated to RACH within a RACH slot
· NR supports the following numbers of subcarriers as guard band:
· Note: Generation of any additional guard band is up to gNB implementation



	PRACH sequence
length (L) 
	PRACH SCS (kHz)
	UL SCS (kHz)
	RACH PRB allocation size
	Number of 
subcarriers as guard band

	839
	1.25
	15
	6 
	25

	839
	1.25
	30
	3 
	25

	839
	1.25
	60
	2
	313

	839
	5
	{15,30,60}
	24,12,6
	25

	139
	15
	{15,30}
	12, 6
	5

	139
	15
	60
	3
	5

	139
	30
	{15,30,60}
	24,12,6
	5

	139
	60
	{60,120}
	12,6
	5

	139
	120
	{60, 120}
	24,12
	5



· Let X be the number of PRACH transmission occasions in the RACH configuration period which are associated (by the SSB to RACH resource association rule) with the actually transmitted SS blocks in the SS burst set period.
· X can be greater than, equal to or smaller than the number of actually transmitted SS blocks in the SS burst set



 
2. PRACH format details
2.1 PRACH configuration
The PRACH configuration will use the table approach like the LTE scheme 
Design guideline
· Same configuration table for TDD and FDD
· Minimize the potential conflict between SSB/PBCH and PRACH
· Different configuration table for long sequence (L=839) and short sequence (S=139)
· Depending on numerology for short sequence (S=139)

For long sequence PRACH (L=839)
As two NR PRACH formats of L=839 is exactly same as the LTE PRACH and the other two NR PRACH formats are using different number of symbols and/or different number of subcarrier spacing. As the agreement says NR PRACH configuration is following LTE-like table approach, so the LTE table can be the starting point.
If the same table is used for the TDD and FDD, then it is desirable to define PRACH formats that can avoid the conflit between SSB/PBCH and PRACH. It needs to see the SSB/PBCH block. Figure 1 and Figure 2 are showing the transmission of SSB depending on different subcarrier spacing
As shown in the Figure, the SSB are confined in one half of a radio frame and there is no SSB transmitted in the other half of the radio frame unless the SSB periodicity is 5ms. Therefore, it could be beneficial that PRACH is located in the half of the radio frame where there is no SSB tranrmission. Since PBCH includes the half frame bit which indicates in which half of the radio frame SSBs are transmitted, so it is easily avoid the PRACH configuration in the half frame
[image: ]
[bookmark: _Ref498676145]Figure 1: SSB/PBCH transmission of 15kz subcarrier spacing

[image: ]
[bookmark: _Ref498676146]Figure 2: SSB/PBCH transmission of 30kz subcarrier spacing

Table 1 is showing the example of PRACH formats of L=839. PRACH slots can be configured depending on the half frame bit inside the PBCH detected by a UE. In addition system frame number where PRACH is transmitted is configured depending on the periodicity as shown in Table 1. Half frame bit can be used if the SSB periodicity is not 5ms. If SSB periodicity is 5ms, then the UE can just assume half frame bit = 0 regardless of what is obtained by PBCH. The possible number of PRACH occasions in frequency domain can be up to 4 for PRACH format 0/1/2/ and 1 for PRACH format 3 since the PRACH format 3 is for the very high speed deployment which is not likely Urban scnario and it may not need large RACH capacity compared to other PRACH formats.

[bookmark: _Ref498677677]Table 1: Example of PRACH format for L=839
	PRACH Configuration Index
	Preamble format
	System frame number
	Slot index
	PRACH occasions in frequency domain

	
	
	
	Half frame bit = 0
	Half frame bit = 1
	

	0
	0
	SFN  mod 4 = X (40ms periodicity)
	9
	4
	1

	1
	0
	SFN  mod 4 = X (40ms periodicity)
	7
	2
	1

	2
	0
	SFN  mod 4 = X (40ms periodicity)
	5
	0
	1

	3
	0
	SFN  mod 2 = Y (20ms periodicity)
	9
	4
	1

	4
	0
	SFN  mod 2 = Y (20ms periodicity)
	7
	2
	1

	5
	0
	SFN  mod 2 = Y (20ms periodicity)
	5
	0
	1

	6
	0
	Any (10ms periodicity)
	9
	4
	1

	7
	0
	Any (10ms periodicity)
	7
	2
	1

	8
	0
	Any (10ms periodicity)
	5
	0
	1

	9
	0
	Any (10ms periodicity)
	5, 7,
	0, 2
	1

	10
	0
	Any (10ms periodicity)
	7, 9
	2, 4
	1

	11
	0
	Any (10ms periodicity)
	5, 7, 9
	0, 2, 4
	1

	12
	0
	Any (10ms periodicity)
	[bookmark: _GoBack]5, 6, 7, 8, 9,
	0, 1, 2, 3, 4
	1

	13
	0
	Any (10ms periodicity)
	4, 5, 6, 7, 8, 9
	0, 1, 2, 3, 4, 9
	1

	14
	0
	Any (10ms periodicity)
	3, 4, 5, 6, 7, 8, 9
	0, 1, 2, 3, 4, 8, 9
	1

	15
	0
	Any (10ms periodicity)
	1, 2, 3, 4, 5, 6, 7, 8, 9
	0, 1, 2, 3, 4, 6, 7, 8, 9
	1

	16
	0
	SFN  mod 4 = X (40ms periodicity)
	9
	4
	2

	17
	0
	SFN  mod 4 = X (40ms periodicity)
	7
	2
	2

	…
	
	
	
	
	

	65
	1
	SFN  mod 4 = X (40ms periodicity)
	9
	4
	1

	
	
	
	
	
	



For short sequence PRACH (L=139)
PRACH with L=139 has many different formats with different subcarrier spacings compared to PRACH with L=839. Therefore, there can be additional parameter for the configuration of PRACH of L=139, e.g., subcarrier spacing, starting PRACH symbols, and etc. Since the number of formats are more than 4, so number of index per PRACH format has to be reduced compared to long sequence case. And the possible number of PRACH occasions in frequency domain can be up to 4.

Table 2: Example of PRACH format for L=139
	PRACH Configuration Index
	Preamble format
	System frame number
	slot index (mod 10)
	PRACH occasions in frequency domain

	
	
	
	Half frame bit = 0
	Half frame bit = 1
	

	0
	0
	SFN  mod 4 = X (40ms periodicity)
	9
	4
	1

	1
	0
	SFN  mod 4 = X (40ms periodicity)
	7
	2
	1

	2
	0
	SFN  mod 4 = X (40ms periodicity)
	5
	0
	1

	3
	0
	SFN  mod 2 = Y (20ms periodicity)
	9
	4
	1

	4
	0
	SFN  mod 2 = Y (20ms periodicity)
	7
	2
	1

	5
	0
	SFN  mod 2 = Y (20ms periodicity)
	5
	0
	1

	6
	0
	Any (10ms periodicity)
	9
	4
	1

	7
	0
	Any (10ms periodicity)
	7
	2
	1

	8
	0
	Any (10ms periodicity)
	5
	0
	1

	9
	0
	Any (10ms periodicity)
	5, 7,
	0, 2
	1

	10
	0
	Any (10ms periodicity)
	7, 9
	2, 4
	1

	11
	0
	Any (10ms periodicity)
	5, 7, 9
	0, 2, 4
	1

	12
	0
	SFN  mod 4 = X (40ms periodicity)
	9
	4
	2

	13
	0
	SFN  mod 4 = X (40ms periodicity)
	7
	2
	2

	…
	
	
	
	
	

	36
	1
	SFN  mod 4 = X (40ms periodicity)
	9
	4
	1

	…
	
	
	
	
	



For different numerology which is separately configured, the same table can be used and configure PRACH slots with the slot index using modular arithmetic as shown in Figure 3.


[bookmark: _Ref498683973]Figure 3: PRACH configuration depending on subcarrier spacings

Required RRC parameters for PRACH resource configuration
Table 3 lists up the required RRC parameters including common parameters that can be used for all PRACH formats and additional parameters for PRACH of L=139. Highlighted parts are the newly proposed parameters on top of the ones that were already agreed during email discussions.

[bookmark: _Ref498684969]Table 3: RRC parameter for PRACH configuration
	Common parameter

	· High speed flag:  Range of values: {0, 1, 2}
· Prach-ConfigIndex:  Range of values: [{0,1,..,255}]
· RootSequenceIndex: Range of values: 
· For long sequence: {0,1,…,837}
· For short sequence: {0,1,…,137} 
· RSRP-ThresholdSSBlock: Range of values is FFS
· RSRP-ThresholdSUL: Range of values is FFS
· ZeroCorrelationZoneConfig :Range of values: {0,1,..,15}
· Msg3Waveform: Range of values: {0, 1}
· Note: Index 0 and 1 refer to CP-OFDM and DFT-s-OFDM respectively
· PreambleInitialReceivedTargetPower: Range of values is FFS
· prach-Msg1SequenceLength: Range of values: {139,839}

	Parameter for PRACH of L=839
	Parameter for PRACH of L=139

	None
	· prach-Msg1SubcarrierSpacing: Range of values: {15, 30} or {60, 120} kHz
· prach-StartingSymbolIndex: Range of values: {0, 2}




Proposal 1:  
· PRACH format, slot index, number of PRACH occasions in frequency domain are part of Prach-ConfigIndex
· PRACH slots is dependent on half frame bit in PBCH
· Subcarrier spacing and starting symbol index are additionally configured for PRACH of L=139.

2.2 Association between SSB and PRACH resource
For the multi-beam scenario, there sould be a certain association between SSB and PRACH resources as agreed. Since the association has to be defined in RMSI, it is desirable to minimize the bit size of the configuration parameter. In RMSI, PRACH resource is configured as discussed in section 2.1 and also information on the actual transmitted SSB index is included. Therfore, by utilizing this information, we simply define an association rule between SSB and PRACH resource without explicit mapping rule potentially with minimum additional parameter.
After reception of RSMI, UE understands how many SSBs are transmitted and how many RACH occasions are configured. By using this information, we can have implicit mapping between SSB and PRACH resources. If the number of actually transmitted SSB is A, the number of PRACH slots inside a PRACH periodicity is B, and the number of PRACH occasions multiplexed in frequency domain is C, then the number of PRACH occasions per SSB can be calculated B × C /A. Once the number of PRACH occasions per SSB is configured then using a pre-defined mapping rule, we can associate PRACH with corresponding SSBs.
For exmaple of Figure 4 (B=4, C=2), assuming there are 4 actually transmitted SSB (A=4), then the number of PRACH occasions per SSB can be 2. Mapping rule can be done in preamble domain first, then frequency domain, and time domain last. Preamble domain mapping is used for the case that number of PRACH occasions per SSB is less than 1. In this example, PRACH occasion 1&2 are associated with SSB#1, PRACH occasion 3&4 are associated with SSB#2, PRACH occasion 5&6 are associated with SSB#3, and PRACH occasion 7&8 are associated with SSB#4.
For the same example of Figure 4 but with 16 actually transmitte SSB, the number of PRACH occasions per SSB can be 0.5 in this case. Then half of the preamble inside one PRACH occasion can be associated with one SSB, e.g., first half preambles of PRACH occasion 1 are mapped with SSB#1, second half preambles of PRACH occasion 1 are mapped with SSB#2, etc.

[image: ]
[bookmark: _Ref498687211]Figure 4: Association between SSB and PRACH resource
Proposal 2:  
· SSB and PRACH association can be done implicitly using actually transmitted SSB and PRACH occasions inside the PRACH periodicity
· PRACH mapping is done using the following order: preamble domain – frequency domain – time domain
	
2.3 Configuration of PRACH preambles
We have discussed how to define the number of PRACH preambles per SSB and how to divide the preambles for CBRA and CFRA and reached the following agreements. 
	

Agreements:
· (working assumption) Bit field length of RAPID is 6 bits.

1. For contention based RACH, support the same number of PRACH preambles for all actually transmitted SS blocks.
1. FFS: Same/different number of PRACH preambles for SS blocks in CFRA.

2. Support following values for the configuration of the number of PRACH preambles for CBRA per SSB:
· 4 * N (where 1 <= N <= 16)
· FFS: 0, 1, 2, 3, 5, 6, 7, 10, 14, 18, 22, 26, 30, values greater than 64
· FFS: different granularity for different number of PRACH preambles for CBRA and CFRA per SSB
	
3. Preamble indices not used for CBRA in a RACH occasion can be reserved for CFRA as in LTE.
· Note: Consider dividing the total number of preambles per SSB into two parts: one for CBRA and the other for CFRA if the total number of preambles per SSB is configured.
· Note: How to use preamble indices not used for CBRA in a RACH occasion is entirely up to the network.




As agreed as a working assumption, we’d like to confirm that bit field length of RAPID is 6 bits which means that there are maximum 64 preambles inside a single PRACH occasion. Then based on the discussion in section 2.2, the number of preambles per SSB can be determined, e.g., if one whole PRACH occasions are associated with a SSB, then there can be 64 preambles per SSB. This number is used both for the CBRA and CFRA. 
The number of PRACH preambles for CBRA and CFRA per SSB can be implicitly configured as one of the {4, 8, 16, 32, 64, 128, 256}. Then in order to reserve some preambles for CFRA, we need to configure the number of PRACH preambles for CBRA per SSB. Since we have possible small number of preambles for CBRA and CFRA per SSB, e.g., 4, 8, only have 4 * N values does not work. For example, if the number of PRACH preambles for CBRA and CFRA per SSB is 4, and we chose the smallest number for PRACH preambles for CBRA per SSB which is 3, then there can be no PRACH preambles for CBRA in this case. Therefore, we need to consider the smaller number for PRACH preambles for CBRA per SSB and different granularrity for different number of PRACH preambles for CBRA and CFRA per SSB, which is currently FFS in the agreement.
Our preference is shown in Table 4.
[bookmark: _Ref498714810]Table 4: Number of preambles
	Number of PRACH preambles for CBRA and CFRA per SSB
	{4,8,16,32,64,128,256}
                                
	Implicitly configured by PRACH configuration and association with SSB

	Number of PRACH preambles for CBRA per SSB

	{1, 2, 3, 4} if #_PRACH_SSB = 4
{2, 4, 6, 8} if #_PRACH_SSB = 8
{4, 8, 12, 16 } if #_PRACH_SSB = 16
{4, 8, 12, 16, 20, 24, 28, 32} if #_PRACH_SSB = 32
{4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64} if #_PRACH_SSB >= 64

	Explicitly configured

	Number of PRACH preambles for CBRA and CFRA per RACH occasion
	64
	Fixed in the spec




Proposal 3:  
· Table 4 is reflected for the RRC parameter table


2.4 PRACH transmission on reserved resource
	[bookmark: _Toc498597232]6.3.3.2	Mapping to physical resources
The preamble sequence shall be mapped to physical resources according to





where physical resources overlapping resources declared as ‘reserved’ according to clause 4.4.3 shall be counted in the mapping process but not used for transmission,  is an amplitude scaling factor in order to conform to the transmit power  specified in [5, TS38.213], and  is the antenna port. Baseband signal generation shall be done according to clause 5.3 using the parameters in Table 6.3.3.1-1 or Table 6.3.3.1-2 with  given by Table 6.3.3.2-1.



In current version of 38.211 [2], there is a description regaring reserved resource and PRACH as captured above. If the highlighted part is interpreted, some or all of PRACH occasion has to be stayed as ‘no transmission’ if that part is declared as ‘reserved’ even though there is PRACH transmission happening.
However, the reserved resource is configured by higher layer signaling using UE-specific manner but the PRACH resource can be configured by RMSI. Therefore, a UE does not know whether the PRACH resource is overlapped with reserved resource or not when the UE performs the PRACH transmission for the purpose of initial access to a cell. So if the reserved resource overlaps with PRACH occasions, then it is not guaranteed that the reserved resource can be actually ‘reserved’.
And even after the UE-specific configuration, the PRACH signal can use 1.25KHz subcarrier spacing for some PRACH formats so the symbol length can be much larger than normal data, e.g, 15kHz. If the a certain number of OFDM symbols is declared as ‘reserved’ inside the PRACH slot, then it is not easy to puncture out only the reserved part.
From the above motivation, it is proposed that if the PRACH occasion chosen for the PRACH transmission by MAC overlaps with resources declared as ‘reserved’, the UE transmits PRACH on that PRACH occasion without any puncturing.

Proposal 4:  
· If the PRACH occasion chosen for the PRACH transmission by MAC overlaps with resources declared as ‘reserved’, UE transmits PRACH on that PRACH occasion without any puncturing
· This has to be reflected for the next version of 38.211.

2.5 Remaining issues
We have the following agreement with some FFS issues. 
· One PRACH format is configured for a cell
· FFS the impact BWP/SUL
· For PRACH formats based on short sequence length
· Format A and format B is considered as a package for the PRACH configuration, configures either format A/B or format C 
· If format A/B is configured, the last PRACH resource within a RACH slot uses the format B and other PRACH resources within the RACH slot uses format A 
· At least support only format B4 within a RACH slot, in the case of a single PRACH occasion within a RACH slot
· FFS Support a PRACH format taken from A0/A1/A2/A3 within a RACH slot 

From the agreement, the PRACH formats of different BWPs can be identical once the BWPs are in the same cell. However, it may be desiable to allow the different subcarrier spacing for PRACH under the same format (A1/B1 or A2/B2 or C1 or …) for different BWP since different BWP scan use different subcarrier spacing inside a cell. This flexiblity is alighed with the fact that it is beneficial to use the same subcarrier spacing between PRACH and data at least for short sequency PRACH (L=139) from the gNB implementation perspective.
For the support of PRACH format, we do not have big motivation to use A1 only, A2 only, and A3 only since we already have A1/B1, A2/B2, and A3/B3 formats. It seems OK to introduce the PRACH format A0 only for the very small cell size case.
Proposal 5:  
· Same PRACH format with different subcarrier spacing can be configured for different BWP
· For the configuration of PRACH format, only the followings are considered: A0, A1/B1, A2/B2, A3/B3, B4, C0, C1

3. Conclusion
This contribution discusses the remaining details on PRACH preamble with the following proposals

Proposal 1:  
· PRACH format, slot index, number of PRACH occasions in frequency domain are part of Prach-ConfigIndex
· PRACH slots is dependent on half frame bit in PBCH
· Subcarrier spacing and starting symbol index are additionally configured for PRACH of L=139.

Proposal 2:  
· SSB and PRACH association can be done implicitly using actually transmitted SSB and PRACH occasions inside the PRACH periodicity
· PRACH mapping is done using the following order: preamble domain – frequency domain – time domain

Proposal 3:  
· Table 4 is reflected for the RRC parameter table


Proposal 4:  
· If the PRACH occasion chosen for the PRACH transmission by MAC overlaps with resources declared as ‘reserved’, UE transmits PRACH on that PRACH occasion without any puncturing
· This has to be reflected for the next version of 38.211.

Proposal 5:  
· Same PRACH format with different subcarrier spacing can be configured for different BWP
· For the configuration of PRACH format, only the followings are considered: A0, A1/B1, A2/B2, A3/B3, B4, C0, C1
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