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1. Introduction
Agreements and working assumption for PRACH preamble format made during RAN1 NR#3 meeting [1] are as follows.
	Working assumption:
· L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence
Agreements:
· NR defines the pattern of the slots that contain PRACH resource(s) in to a larger time interval
· FFS: time interval e.g 5/10/20ms
· FFS pattern
· FFS numerology of the slot e.g SS block, UL/DL, Msg1 or PUSCH
· FFS: Within each slot 
· Alt1: RACH resources within a slot are consecutive
· Alt2:RACH resources within a slot are not consecutive, e.g to handle the case of CORESET monitoring , in the 2/4/7 symbols


In this document, we discuss PRACH preamble and PRACH configuration issues based on the agreements in the last meeting. 

PRACH Configuration
Pattern of slots having PRACH resource(s)
In the previous meeting, RAN1 decided to define slot patterns within a certain time interval on which RACH resources can be contained. Multiple of slot patterns should be specified by the specification considering RACH msg. 1 subcarrier spacing. 

For long sequence, 1ms slot length based pattern 
For long sequences, the slot pattern should be in terms of 1ms slot length since the PRACH preambles occupies at least 1ms. Figure 1 below illustrates slot positions that SS blocks under 6GHz can be transmitted within 10ms window. 
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Figure 1. Slot positions that SS blocks can be transmitted within 10ms window 
(SS/PBCH block periodicity is 5ms and 10ms, Data SCS is 15kHz)

RAN1 defined the possible slot positions for SS block transmissions however the slots are not always reserved for SS block transmission. Slot patterns for RACH resources are highly dependent on the slot positions for SS block transmission. However, it is not so practical that RAN1 defines the slot pattern considering the slots on which actually transmitted SS blocks in terms of specification overwork. Therefore, we propose allocation of slots for RACH resources considering maximum number of SS blocks. 

Table 1. Potential slot indices with 15 kHz SCS within a radio frame for RACH resources for long sequences
	
	SS/PBCH block periodicity: 5ms 
	SS/PBCH block periodicity: 10ms

	SSB with 15 kHz SCS, L=4
	2, 3, 4, 7, 8, 9
	2, 3, 4, 5, 6, 7, 8, 9

	SSB with 15 kHz SCS, L=8
	4, 9 
	4, 5, 6, 7, 8, 9

	SSB with 30 kHz SCS, L=4
	1, 2, 3, 4, 6, 7, 8, 9
	1, 2, 3, 4, 5, 6, 7, 8, 9

	SSB with 30 kHz SCS, L=8
	2, 3, 4, 7, 8, 9
	2, 3, 4, 5, 6, 7, 8, 9



In table 1, it shows potential slot indices with 15 kHz SCS for RACH resources within a radio frame for below 6GHz frequency range. How to support the maximum number of RACH resources corresponding to the maximum number of SS blocks should be discussed. At least, CDM/FDMed RACH resources can be considered for below 6GHz frequency range considering SS/PBCH block transmission with 5ms periodicity. The RACH resource patterns can be within 10ms/20ms duration. For the support of sparser RACH resource allocation within 80ms/160ms window, an offset value on the starting position of RACH resources should be considered based on the basic time duration, such as 10ms or 20ms.
Proposal 1: 
· For the RACH resource configuration in below 6GHz frequency range, combination of TDM and CDM/FDM of RACH resources should be supported considering on limited number of eligible RACH resources in time domain for the support of the maximum number of SS blocks.

On the other hand, in FDD system, the slot configuration is not limited by SS/PBCH block transmission and it should be discussed whether or not to share the same slot pattern for TDD and FDD.

For short sequence, Slot pattern per Msg1 SCS
For short sequences, the slot pattern should be based on the SCS of the Msg1 considering the fact that the main motivation of having the current SCS of the preamble, such as 15/30/60/120 kHz is to align with the PUSCH slot boundary. It is decided for Msg1 SCS, only 15/30 kHz SCS are used for below 6 GHz frequency range, 60/120 kHz SCS are used for above 6GHz frequency range, for Msg1 transmission. SCS for SS/PBCH blocks and Msg1 can be different such as 15 kHz for SS/PBCH block and 30 kHz for Msg1 or 30 kHz for SS/PBCH block and 15 kHz for Msg1 transmission in below 6GHz frequency range. Similarly, in above 6GHz frequency range, SCS for SS/PBCH blocks and Msg1 can be different such as SS/PBCH blocks with 120 kHz SCS and Msg1 with 60 kHz SCS, SS/PBCH blocks with 240 kHz SCS and Msg1 with 120 kHz SCS. 
Since the slot pattern is about UL slot configuration information, at least it should have the resolution of Msg1 numerology. Therefore, irrespective of SCS of SS/PBCH block, the slot pattern for RACH resources should be based on the SCS of Msg1 with considerations on the slots/time duration SS blocks can be transmitted.
Proposal 2: 
· The slot pattern for RACH resources should be based on the RACH Msg1 numerology, i.e. SCS. 

For 15 kHz SCS, though the preamble with 15 kHz SCS may occupy partially in 1ms slot, the same slot pattern can be utilized as that for long sequences as elaborated above. For 30 kHz SCS, slot length is based on the 30 kHz, i.e. 0.5ms long, 20 slots per radio frame. In the following figure 2, it is shown that potential slot positions that SS/PBCH blocks can be transmitted in below 6GHz frequency range, and the slot indicates are listed in the Table 2 considering SS/PBCH block SCS and RACH Msg1 SCS. 
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Figure 2. Slot positions that SS blocks can be transmitted within 10 ms window
(SS/PBCH block periodicity is 10ms, Data SCS is 15 and 30 kHz)

Table 2. Potential slot indices within a radio frame for RACH resources for below 6GHz frequency range (SS/PBCH block transmission with 10ms periodicity)
	
	Msg.1 with 15 kHz SCS
	Msg.1 with 30 kHz SCS

	SSB with 15 kHz SCS, L=8
	4, 5, 6, 7, 8, 9
	8 ~ 19

	SSB with 30 kHz SCS, L=8
	4~19
	2 ~9 



For 60 kHz SCS, the slot pattern is based on the 0.25ms slot, i.e. 40 slots per radio frame and 80 slots per radio frame in case 120 kHz SCS. Hence, the slot pattern can be specific per SCS of the preamble. In the following figure 3, it is shown that potential slot positions that SS blocks can be transmitted above 6GHz and the slot indicates are listed in the table 3 considering SS block SCS and RACH msg. 1 SCS. 
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Figure 3. Slot positions that SS blocks can be transmitted within 10 ms window for above 6GHz
(SS/PBCH block periodicity is 10ms, Data SCS is 60 and 120 kHz)

Table 3. Potential slot indices within a radio frame for RACH resources for above 6GHz frequency range (SS/PBCH block transmission with 10ms periodicity)
	
	Msg.1 with 60kHz SCS
	Msg.1 with 120kHz SCS

	SSB with 120 kHz SCS, L=64
	4,9,14,19~ 39
	8, 9, 18, 19, 28, 29, 38~79

	SSB with 240 kHz SCS, L=64
	4, 9~39
	8, 9, 18~79



In short, M states per PRACH preamble SCS needs to be specified, where exact value of M needs further discussion and each state per SCS has different RACH slot intensity and/or periodicity. Exact slot pattern should be further discussed depending on the use cases and latency requirements.
Proposal 3: 
· Specify M states of slot location information per PRACH Msg1 SCS, with different slot intensity and/or periodicity

Starting symbol index within a slot
If the information on the slot configuration is clearly provided, RACH resources within each the slots are implicitly obtained from the combination of PRACH preamble format and PRACH Msg1 SCS. Additionally, starting symbol index within the RACH slot should also be signalled.
In order to exactly inform the RACH resource location within a slot, network should also provide slot type information, for example, signalling of starting symbol index of RACH resource as shown in the Figure 4. The slot type signalling can be per RACH slot, but due to signalling overheads, it is more preferable to apply over all RACH slots. 
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Figure 4. Examples of RACH slot type information
Proposal 4: 
· Provide slot type information in order to indicate the starting symbol index of RACH resource within a slot, which can be OFDM symbol numbers, like {0, 1, 2 }
· The slot type is applied over all slots reserved for RACH resources

Frequency domain configuration 
The frequency position of RACH resources is signalled in terms of UL initial BWP and the resource allocation information for PRACH transmission within the BWP. 
Proposal 5: 
· Frequency location of the RACH resource is obtained by UL initial BWP resource allocation information for PRACH transmission within the BWP.

RACH resource allocation within a slot 
For short sequence based PRACH preambles, there can be multiple of RACH resources within a slot. In this case the RACH resources can be consecutively or non-consecutively allocated. Non-consecutive allocation of RACH resources may have benefits in terms of flexibility and latency reduction but network should indicate which symbols are reserved for RACH and which are not. Considering resource efficiency and signalling overhead, we prefer the RACH resources are to be consecutive within a slot. While, a slot may not be fully occupied by the RACH resources, however in case multiple of RACH resources are reserved in the slot, they should be located in a consecutive manner. 
Proposal 6: 
· RACH resources within a slot should be consecutively allocated. 

When the RACH resources are consecutive, preamble format A/C should be used for the RACH resources except preamble format B should be applied on the RACH resource at the end of the RACH resources among the consecutive RACH resources within the slot. 
On the other hand, if NR should provide any mean of configurability within slot for RACH resources for the support of use cases like URLLC and there can be possible options for this:
· Option 1: RACH resource allocation within the configured slots is based on the mini-slot, that the system supports for idle mode, such as the mini-slot length for RMSI or system information transmission 
· Option 2: Slot pattern itself for RACH resource is based on the mini-slot that the system supports for idle mode
· Option 3: (dynamic/)semi-static signaling overrides the RACH resource configuration
For option both 1 and 2, following should be supported:
· Within the slot, RACH resources are consecutive within the duration of configured mini-slot length, and RACH resources are not reserved for the next coming mini-slot. Within the mini-slot, starting symbol number of RACH resources should also be signaled or mini-slots within the slot may have the same pattern of RACH resource allocation. 
However, for option2, as the number of mini-slots in the slot is increasing, the number of slot patterns is linearly increasing and it may cause overhead for the patterns that should be specified. One might say network signalling may override the RACH resource configuration for flexible and dynamic resource usages; however it is not preferable since the RACH resources should be reserved for idle mode, with high priority. 
Proposal 7: 
· Study how to support low latency services on the slot configuration for RACH resources. 

2. Conclusion
In this contribution, we discussed RACH configuration details in relation to SS/PBCH block and RACH Msg1 numerologies and proposed as follows:
Proposal 1: 
· For the RACH resource configuration in below 6GHz frequency range, combination of TDM and CDM/FDM of RACH resources should be supported considering on limited number of eligible RACH resources in time domain for the support of the maximum number of SS blocks.
Proposal 2: 
· The slot pattern for RACH resources should be based on the RACH Msg1 numerology, i.e. SCS. 
Proposal 3: 
· Specify M states of slot location information per PRACH Msg1 SCS, with different slot intensity and/or periodicity
Proposal 4: 
· Provide slot type information in order to indicate the starting symbol index of RACH resource within a slot, which can be OFDM symbol numbers, like {0, 1, 2 }
· The slot type is applied over all slots reserved for RACH resources
Proposal 5: 
· Frequency location of the RACH resource is obtained by UL initial BWP resource allocation information for PRACH transmission within the BWP.
Proposal 6: 
· RACH resources within a slot should be consecutively allocated. 
Proposal 7: 
· Study how to support low latency services on the slot configuration for RACH resources. 
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