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Introduction
In RAN1 #91 meeting, the following agreements are drawn [1]:
Agreements:
· Using 9 bits in the RRC for the RACH configuration. 
· 8 bits to indicate the prach-ConfigIndex
· 1 bit to indicate prach-Msg1SubcarrierSpacing 
· Range of values: {15, 30} or {60, 120} kHz
· Note: For above 6GHz 1 bit is used to indicate the SCS for Msg1, for below 6GHz 1- bit to indicate the SCS for Msg1 (applicable for the short sequence, for the long sequence it is given by the format)
· Different tables for FDD and TDD
· No need to indicate sequence length
· prach-ConfigIndex: 
· Range of values: {0,1,..,255}
· prach-Msg1SubcarrierSpacing
· Range of values: 0, 1
· For below 6GHz the values indicate 15kHz or 30kHz
· For above 6GHz the values indicate 60kHz or 120kHz
Agreements:
· Configuration period:
· Range of values: {10, 20, 40, 80, 160} ms
· Note that handling of the above is to be included in the configurable table instead of a separate configuration
Agreements:
The PRACH configuration tables uses the following columns for the parameters with related parameter values
· PRACH Configuration number
· Values: 0-255
· Preamble Format
· Long sequence: 0-3
· Short sequence: A1, A2, A3, A1/B1, A2/B2, A3/B3, B1, B4, C0, C2
· Configuration period
· Values {1,2,4,8,16} (10ms*Nperiod)
· SFN mod Config. period
· For below 6GHz, subframe numbering is used 
· Granularity is 1ms, based on 15kHz SCS
· For short sequence length and SCS = 30kHz, the number of RACH slots in a subframe can be 1 or 2
· When there is only one RACH slot the second RACH slot is used
· For short sequence length and SCS = 15kHz, the number of RACH slots in a subframe is be 1
· RACH slot number is used for above 6GHz 
· 0.25ms granularity based on SCS = 60kHz 
· For the 120kHz SCS the number of RACH slots in 0.25ms can be 1 or 2 
· When there is only one RACH slot the second RACH slot is used
· For the 60kHz SCS the number of RACH slots in 0.25ms is 1
· Start symbol Index (in Msg1 SCS for short sequence and 15kHz for long sequence): 
· Values {0,2} for short sequence
· Values {0,6} for format 2
· Always be 0 for format 0,1,3
· FFS definition of the starting symbol for the unpaired spectrum 
· Number of time domain RACH occasions within a RACH slot
· For preamble format (working assumption), at least the following # of occasions:
· A1: 6
· A2: 3
· A3: 2
· B4: 1
· B1: 6 or 7
· C0: 4
· C2: 2
· A1/B1: 6 or 7
· A2/B2: 3
· A3/B3: 2
· The value is not applicable (N/A) for format 0-3

Some of the entries for RACH configurations for below 6 GHz have been adopted by current version of TS38.211. However, the entries for above 6 GHz have not decided yet. In this contribution, some remaining issues on PRACH configurations, including the considerations on entries for RACH configuration for above 6 GHz, especially for TDD case, will be discussed.
Discussion on PRACH configurations
Considering that for FDD case, there is no collision issue for PRACH and SSB, the PRACH design is simpler. On the contrary, for TDD case, the collision between PRACH and SSB should be taken into consideration. As a result, the design of PRACH configurations is complicated. 
Considerations on PRACH configuration for TDD
For TDD, the following frame structure shown in Fig. 1 has been agreed.


Fig. 1 DL-UL frame structure for NR TDD
As shown in Fig. 1, the DL-UL transmission structure is consists of DL slots, DL symbols, guard period, UL symbols, and UL slots. The DL-UL transmission periodicity can be configured as {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms. For initial access, since SS blocks should be transmitted within 5ms, small DL-UL transmission periodicity will lead to difficulty to place all SS blocks and sufficient RACH occasions at the same time. As shown in the following figure, the SSB (blue one) will possibly occupy the location of the 5ms window of SSBs. For simplicity, here we only consider that with 10 ms DL-UL transmission periodicity and we assume that all the slots in the last 5ms can be used for PRACH.
[image: ]
Figure 2 – illustration of possibly NR-SS/PBCH Mapping in Time Domain
Another issue for PRACH configuration is that if all possibilities of preamble formats are considered, there will be too many entries and 8 bits for PRACH configuration will not be enough. Taking preamble format A1 as an example and only consider 15kHz subcarrier spacing. Below we list as many as possible entries.
Table I Possible entries for preamble format A1 with 15kHz subcarrier spacing
	PRACH config. Index
	Preamble Format
	Config. Period (ms)
	Slot number
	SFN mod Config. Period
	Start symbol index
	Number of RACH slots within a subframe
	Number of RACH occasions within a RACH slot

	
	A1
	10/20/40/80/160
	{5,6,7,8,9}/
{5}/{6}/{7}/
{8}/{9}/{5,7}/
{6,8}/{7,9}/
{5,7,9}
	0
	0/2
	0
	{6}/{4}/{2}


In table I, not all possibilities are listed. For example, for configuration period 160ms, the configuration of SFN mod Config. Period can be also 0, 1, or other numbers. However, for the entries listed in table I, there are already nearly 300 possibilities for only one preamble format, which already exceeds the maximum number of supported PRACH configurations.
From above analysis, we can conclude that the balance between flexibility and overhead is necessary and only part of the possible entries can be included into the PRACH configuration table. 
One basic rule for design is to place PRACH more evenly in time domain. As for multiple sub-carrier spacings, the better way is to make the PRACH scalable with sub-carrier spacing. For example, for sub-carrier spacing 15*2u kHz (u=0, 1, 2, 3), the PRACH configuration can be scalable with u. 
Considering above factors, we list possible entries in table II for the case that all the SS blocks are transmitted within first 5ms, e.g., the rest 5ms could be configured to be purely UL. For simplicity, only possible entries for preamble format A1 are listed. These entries can be also extended to other preamble formats. 
Table II Possible entries for preamble format A1
	PRACH config. Index
	Preamble Format
	Config. Period (ms)
	Slot number, i=0,…,2^u-1
	SFN mod Config. Period
	Start symbol index
	Number of RACH slots within a subframe
	Number of RACH occasions within a RACH slot

	0
	A1
	10
	7*(u+1)+10i
	0
	0
	0
	6

	1
	A1
	10
	{5,7}*(u+1)+10i
	0
	0
	0
	6

	2
	A1
	10
	{6,8}*(u+1)+10i
	0
	0
	0
	6

	3
	A1
	10
	{5,7,9}*(u+1)+10i
	0
	0
	0
	6

	4
	A1
	10
	{5,6,7,8,9}*(u+1)+10i
	0
	0
	0
	6

	5
	A1
	10
	7*(u+1)+10i
	0
	2
	0
	6

	6
	A1
	10
	{5,7}*(u+1)+10i
	0
	2
	0
	6

	7
	A1
	10
	{6,8}*(u+1)+10i
	0
	2
	0
	6

	8
	A1
	10
	{5,7,9}*(u+1)+10i
	0
	2
	0
	6

	9
	A1
	10
	{5,6,7,8,9}*(u+1)+10i
	0
	2
	0
	6

	10
	A1
	20
	7*(u+1)+10i
	0
	0
	0
	6

	11
	A1
	20
	{5,7}*(u+1)+10i
	0
	0
	0
	6

	12
	A1
	20
	{6,8}*(u+1)+10i
	0
	0
	0
	6

	13
	A1
	20
	{5,7,9}*(u+1)+10i
	0
	0
	0
	6

	14
	A1
	20
	{5,6,7,8,9}*(u+1)+10i
	0
	0
	0
	6

	15
	A1
	20
	7*(u+1)+10i
	0
	2
	0
	6

	16
	A1
	20
	{5,7}*(u+1)+10i
	0
	2
	0
	6

	17
	A1
	20
	{6,8}*(u+1)+10i
	0
	2
	0
	6

	18
	A1
	20
	{5,7,9}*(u+1)+10i
	0
	2
	0
	6

	19
	A1
	20
	{5,6,7,8,9}*(u+1)+10i
	0
	2
	0
	6



Proposal 1: for unpaired spectrum, the entries listed in Table II can be a start point for its PRACH configuration.
As for other cases, the PRACH configuration table for FDD can be used as the start point for PRACH design of TDD. Considering that for TDD frame structure, e.g., smaller UL-DL switching periodicity, some of the slots cannot be used due to downlink transmission. As a result, some entries should be ruled out and some of entries should be modified. For example, first 2 to 3 slots will be used for downlink transmission as well as transition between downlink to uplink and these slots cannot be used for TDD PRACH configurations.
Considerations on start position of PRACH for TDD
Another issue for TDD PRACH configuration is the interference from downlink transmission to uplink transmission. For example, the PRACH is placed in the X2 symbols of an uplink slot as shown in Fig.1, it may suffer from interference caused by pervious downlink transmission, since PRACH is more vulnerable to such interference compared with data channel. One potential solution to solve this issue is to determine the start transmission time from the end of uplink slot. Figure 3 shows one example of how to determine the start transmission time.
Observation 1: To reduce the interference caused by downlink, it is better to determine the start time position from the end of uplink slot.


Fig. 3 Determination of start position from the end of uplink slot
From Fig. 3, it can see that the RO is indexing from the end of the slot to the beginning, with the predefined GP for a particular preamble format, it is able to 
· Put preamble transmission from end of slot  using start symbol indexing of 0,2 as well, no need to introduce new number for TDD;
· Trying to avoid the DL impact to the possible PRACH transmission.
Proposal 2: At least for unpaired spectrum, the start position of PRACH can be determined from the end of uplink slot.
Considerations on baseband generation for RACH
In current version of TS 38.211 [2], the baseband random access signal has been specified as follows.


where  is used to adjust the position of the guard band within PRACH. The value of  is also specified in TS 38.211 as follows. 



Table III Supported combinations of  and , and the corresponding value of .
	

	
 for PRACH
	
 for PUSCH
	Allocation expressed in number of RBs for PUSCH
	


	839
	1.25
	15
	6
	12

	839
	1.25
	30
	3
	12

	839
	1.25
	60
	2
	156

	839
	5
	15
	24
	12

	839
	5
	30
	12
	12

	839
	5
	60
	6
	12

	139
	15
	15
	12
	2

	139
	15
	30
	6
	2

	139
	15
	60
	3
	2

	139
	30
	15
	24
	2

	139
	30
	30
	12
	2

	139
	30
	60
	6
	2

	139
	60
	60
	12
	2

	139
	60
	120
	6
	2

	139
	120
	60
	24
	2

	139
	120
	120
	12
	2


However, although the number of guard tones for each combination of  and  has been agreed as following,
Agreements:
· 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



But the determination of the value of  is not necessarily to be half of “Number of subcarriers as guard band”. Actually, above generation method and value of  cannot guarantee the preamble sequence is located in the centre of PRACH. For example, the corresponding , which represented as  in LTE, for format 0~1, the , and the  guard sub-carrier on the end of PRACH BW is 18, which not simply be half of “Number of subcarriers as guard band”.
In order to borrow the proved performance of LTE, One solution of this issue is to modify the generation equation as follows.


In this way, for the case of long preamble sequence with 1.25kHz subcarrier spacing and 15kHz data subcarrier spacing, the generation equation is the same with that of LTE. In this case,  the exponential part of e is , which is the same with that of LTE as .
In such case, this method can also guarantee that centre of preamble sequence (419 from index 0 ~ 839 ) can be aligned with 36th subcarrier of 6 RBs of PUSCH, which can simplified the implementation. The above method coincides with LTE, and will benefit the co-existence of LTE and NR and can be also implemented by adding all values of  by 1.
Proposal 3: For baseband signal generation, the parameter  should be modified to .
Conclusion
In this contribution, issues on preamble format and PRACH configuration are discussed. Based on above analysis, we have following observations and proposals:
[bookmark: OLE_LINK1]Observation 1: To reduce the interference caused by downlink, it is better to determine the start time position from the end of uplink slot.
Proposal 1: At least some of the entries listed in Table II can be included in PRACH configuration for extreme cases in TDD.
Proposal 2: At least for unpaired spectrum, the start position of PRACH can be determined from the end of uplink slot.
[bookmark: _GoBack]Proposal 3: For baseband signal generation, the parameter  should be modified to . In Section 5.3 of 38.211[2], the following should be modified: 

The time-continuous signal  on antenna port  for PRACH is defined by
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