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1. Introduction
In this document, we discuss on remaining details of random access configuration.

2. Random access configurations
2.1. For FR1 and unpaired spectrum
Long sequence based RACH preamble
In RAN1 NRAH-1801 meeting [1], random access configuration for FR1 and unpaired spectrum was agreed as shown in table 1. 
Table 1. RACH configuration for long sequence based preamble for FR1 and unpaired spectrum
	Format 0,3
	Format 1
	Format 2

	x=16, y=1, subframe={{9}}
x=8, y=1, subframe={{9}}
x=4, y=1, subframe={{9}}
x=2, y=0, subframe = {{4},{9}}
x=2, y=1, subframe = {{4},{9}}
x=1,y=0,subframe={{1},{2},{3},{4},{5},{6},{7},{8},{9},{1,6},{1,6},{2,7},{3,8},{4,9}, {8,9},{3,4,8},{3,4,9},{4,8,9},{7,8,9},
{1,4,6,9},{3,4,8,9},{6,7,8,9},{1,3,5,7,9}}
	x=16, y=1, subframe={{7}}
x=8, y=1, subframe={{7}}
x=4, y=1, subframe={{7}}
x=2, y=0, subframe = {{7}}
x=2, y=1, subframe = {{7}}
x=1, y=0, subframe={{7}}

	x=16, y=1, subframe={{6}}
x=8, y=1, subframe={{6}}
x=4, y=1, subframe={{6}}
x=2, y=0, subframe = {{6}}
x=2, y=1, subframe = {{6}}
x=1, y=0, subframe = {{6}}


· Note: The ones in red color are working assumption (Starting OFDM symbol is ‘7’)

From the table, we can see that total 71 (=30+6+6+29) entries are assigned for long sequence based RACH preamble. Then, we need to define the configuration for short sequence based RACH preamble for FR1 and unpaired spectrum. As a guideline for design, if we see the configuration of short sequence based RACH preamble for FR1 and paired spectrum, about 20 entries are used per format. Similarly, if we assume 20 entries per format for short sequence based RACH preamble, at least 200 (= 10 formats * 20 entries per format) entries are required for short sequence base RACH preamble, but we see that the remaining entry (185=256-71) in the table is not enough. Actually, if the multiple values of starting OFDM symbol for the unpaired spectrum case is considered, more than 200 entries are required. So, the entries for the configuration of long sequence based RACH preamble should be reduced. If we assume to provide about 200 entries for short sequence based RAHC preamble, about 54 entries could be assigned for the configuration of long sequence based RACH preamble, and we may assume 22, 6, 6 and 22 entries for each format. 
Observation 1:
· In case of FR1 and unpaired spectrum, total 71 (=30+6+6+29) entries are assigned for long sequence based RACH preamble. However, the remaining entries (185=256-71) is not enough for the configuration of short sequence based RACH preamble. 
Proposal 1:
· The total entries for the configuration of long sequence based RACH preamble should be reduced.
· About 54 entries for the configuration of long sequence based RACH preamble are assigned.
· Assume 22, 6, 6 and 22 entries for each format.

Considering on the SS/PBCH block transmission and RMSI search space occasions, at least two subframes in the front of a slot could be assigned for DL and unknown. In this case, 5 subframes (i.e. index of 3, 4, 7, 8 and 9) could be used as PRACH occasion when DL/UL is configured within 5ms and 10ms period. In addition, for the case of 2.5ms period for DL/UL configuration, two more subframe (i.e. index 1, 6) could be assigned as PRACH occasion. In figure 1, example of cell specific semi-static DL/UL configuration (For FR1) is depicted.
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Figure 1. Example of cell specific semi-static DL/UL configuration (For FR1)

Based on the above observation, we propose to modify the configuration parameters for format 0 and 3 as follow:
· x=1,y=0, subframe={{3},{4},{8},{9},{1,6},{4,9},{3,4},{8,9},{3,4,9},{4,8,9},{7,8,9},{1,4,6,9},{3,4,8,9},{1,3,5,7,9}}

[bookmark: _GoBack]In figure 5, subframe index for RACH occasion for FR1 and unpaired spectrum is depicted. From the figure, we can see contiguous two subframe {3,4} is useful in case of DL/UL configuration period of 5ms. In similar way, the subframe index {1,6} could be necessity if we consider DL/UL configuration with 2.5ms period. So, we can confirm the working assumption for starting OFDM symbol {7} in case of subframe index {1,6}.
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Figure 2. Subframe index for RACH occasion for FR1 and unpaired spectrum

Observation 2: 
· Considering on the SS/PBCH block transmission and RMSI search window occasions, 5 subframes (i.e. index of 3, 4, 7, 8 and 9) could be used as PRACH occasion when DL/UL is configured within 5ms and 10ms period. 
· In addition, for the case of 2.5ms period for DL/UL configuration, two more subframe (i.e. index 1, 6) could be assigned as PRACH occasion.
Proposal 2: 
· Modify the configuration parameters for format 0 and 3 as follow:
· x=1,y=0, subframe={{3},{4},{8},{9},{1,6},{4,9},{3,4},{8,9},{3,4,9},{4,8,9},{7,8,9}, {1,4,6,9},{3,4,8,9},{1,3,5,7,9}}
· Confirm the working assumption for starting OFDM symbol {7} in case of subframe index {1,6}

Short sequence based RACH preamble
For short sequence based RACH preamble, the subframe index for RACH occasion defined for the long sequence based RACH preamble should be a baseline to design. On the top of the configuration, we can modify the subframe index for RACH occasion depending on the RACH format.
Proposal 3: 
· As a baseline to design the RACH configuration for short sequence based RACH preamble, adopt the following configuration parameters for short sequence based RACH preamble.
· x=16, y=1, subframe={{9}}
· x=8, y=1, subframe={{9}}
· x=4, y=1, subframe={{9}}
· x=2, y=0, subframe = {{4},{9}}
· x=2, y=1, subframe = {{4},{9}}
· x=1,y=0, subframe={{3},{4},{8},{9},{1,6},{4,9},{3,4},{8,9},{3,4,9},{4,8,9},{7,8,9}, {1,4,6,9},{3,4,8,9},{1,3,5,7,9}}
· On the top of the configuration, modify the subframe index for RACH occasion depending on the RACH format.

In RAN1#91 meeting [2], it was agreed that prach-StartingSymbolIndex for short sequence is {0,2}. Alto, it was agreed that introducing start symbol(s) larger than 2 for a limited number entries in the configuration table. Based on the agreement, we can consider to introduce one more value of PRACH starting symbol index. In NR, cell specific semi-static DL/UL configuration is composed by slot(s) and OFDM symbol(s). That is, some OFDM symbol(s) in a slot could be configured as UL OFDM symbol(s). When the slot is designated as RACH slot, UE can try to transmit PRACH preamble within a slot. As shown in figure 1, if SS/PBCH block or PDSCH for RMSI, which could have different numerology or be transmitted at a part of a slot, is transmitted in the front of a slot, PRACH preamble can be transmitted from OFDM symbol index 7. Therefore, if we consider that RACH occasion is not to collide with at least DL configuration and SS/PBCH block, the start symbol should be ‘7’. Furthermore, we can define when the number of available UL OFDM symbol in a slot is less than 12, PRACH can be transmitted at the 2nd half slot which is configured as UL transmission. When the number of available UL OFDM symbol in a slot is less than 7, RACH transmission is not permitted in the slot.
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Figure 3. Example of DL/UL configuration in a slot

Observation 3: 
· When the number of available UL OFDM symbol in a slot is less than 12, PRACH can be transmitted at the 2nd half slot which is configured as UL transmission.
Proposal 4: 
· When the number of available UL OFDM symbol in a slot is less than 12, starting OFDM symbol in the slot is ‘7’.
· When the number of available UL OFDM symbol in a slot is less than 7, RACH transmission is not permitted in the slot.

In NR, similar preamble formats (e.g. A1, A1/B1, B1) are introduced. These preamble formats could be differently used according to the starting OFDM symbol. For example, when the staring OFDM symbol is ‘0’, preamble format A1, A2, A3 which can provide wider coverage than A1/B1, A2/B2, A3/B3 should be applied. Also, one of last two OFDM symbol is used as a guard period, and another OFDM symbol can be used for UL signal transmission (e.g. PUCCH, SRS, etc.). Similarly, when the starting OFDM symbol is ‘7’, preamble format A1, A2, A3 can be applied. On the other hand, for the starting OFDM symbol ‘2’, A1/B1, B1, A2/B2, A3/B3 should be used due to no guard OFDM symbol at the end of the slot.
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(a) Starting OFDM symbol is ‘0’
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(b) Starting OFDM symbol is ‘2’
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(c) Starting OFDM symbol is ‘7’
Figure 4. Usage case of RACH preamble format

Observation 4: 
· When starting OFDM symbol is configured as ‘0’, 12 OFDM symbols are used for PRACH transmission and remaining two OFDM symbols are used for other purpose (e.g. guard period, SRS transmission, PUCCH transmission, etc.).
· When starting OFDM symbol is configured as ‘2’, all of 12 OFDM symbols are used for PRACH transmission.
· When starting OFDM symbol is configured as ‘7’, 6 OFDM symbols are used for PRACH transmission remaining one OFDM symbol is used for other purpose (e.g. SRS transmission, PUCCH transmission, etc.).
Proposal 5: 
· When starting OFDM symbol is configured as ‘0’, RACH preamble formats of A1, A2, A3, B4, C0 and C4 are used. 
· When starting OFDM symbol is configured as ‘2’, RACH preamble formats of A1/B1, B1, A2/B2, A3/B3, B4, C0 and C4 are used.
· When starting OFDM symbol is configured as ‘7’, RACH preamble formats of A1, A3, C0 and C4 are used.

2.2. For FR2 and unpaired spectrum
For FR2 case, we should consider that shorter period (i.e. 1.25ms) is defined for 120kHz SCS and the slot at the end of the period could be designated as UL. Also, in case of 2.5ms period, the slots at the end of the period could be candidate as PRACH occasion. So, we can consider that at least four slots (i.e. index of 9, 19, 29, 39) are assigned as PRACH occasion. Also, in FR2 case, the maximum number of SS/PBCH block is quite large (i.e. L=64) and RMSI search window occasion could be wide. Hence, UL slot for PRACH occasion could be assigned at the end of 5ms or 10ms period. Based on the observation, we can compose the PRACH configuration.
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Figure 5. Example of cell specific semi-static DL/UL configuration (For FR2)

Observation 5: 
· In case of 1.25ms period of cell specific DL/UL configuration, 8 slots (i.e. 4, 9, 14, 19, 24, 29, 34, 39) where the second part of RACH slot with 120kHz SCS can be used as PRACH occasion are available for RACH transmission.
· In case of 2.5ms period of cell specific DL/UL configuration, 8 slots (i.e. 8, 9, 18, 19, 28, 29, 38, 39) where the second part of RACH slot with 120kHz SCS can be used as PRACH occasion are available for RACH transmission.
· In case of 5ms period of cell specific DL/UL configuration, some slots at the end of the period (i.e. 16, 17, 18, 19, 36, 37, 38, 39) can be used as PRACH occasion.
· In case of 10ms period of cell specific DL/UL configuration, some slots at the end of the period (i.e. from 32 to 39).

Proposal 6: 
· In case of FR2, following values are applied for PRACH configuration:
· x=16, y=1, subframe={{39}}
· x=8, y=1, subframe={{39}}
· x=4, y=1, subframe={{39}}
· x=2, y=0, subframe = {{19},{39}}
· x=2, y=1, subframe = {{19},{39}}
· x=1,y=0,subframe={{9},{19},{29},{39},{9,29},{19,39},{9,28,29},{19,38,39}, {8,18,28,38},{9,19,29,39},{35,36,37,38,39},{18,19,36,37,38,39}}

3. Conclusion
In this document, we discussed on further details of random access configuration. From the discussion, we proposal as follows:
For FR1 and unpaired spectrum
A. Long sequence based RACH preamble
Observation 1:
· In case of FR1 and unpaired spectrum, total 71 (=30+6+6+29) entries are assigned for long sequence based RACH preamble. However, the remaining entries (185=256-71) is not enough for the configuration of short sequence based RACH preamble. 
Observation 2: 
· Considering on the SS/PBCH block transmission and RMSI search window occasions, 5 subframes (i.e. index of 3, 4, 7, 8 and 9) could be used as PRACH occasion when DL/UL is configured within 5ms and 10ms period. 
· In addition, for the case of 2.5ms period for DL/UL configuration, two more subframe (i.e. index 1, 6) could be assigned as PRACH occasion.

Proposal 1:
· The total entries for the configuration of long sequence based RACH preamble should be reduced.
· About 54 entries for the configuration of long sequence based RACH preamble are assigned.
· Assume 22, 6, 6 and 22 entries for each format.
Proposal 2: 
· Modify the configuration parameters for format 0 and 3 as follow:
· x=1,y=0, subframe={{3},{4},{8},{9},{1,6},{4,9},{3,4},{8,9},{3,4,9},{4,8,9},{7,8,9}, {1,4,6,9},{3,4,8,9},{1,3,5,7,9}}
· Confirm the working assumption for starting OFDM symbol {7} in case of subframe index {1,6}

B. Short sequence based RACH preamble
Observation 3: 
· When the number of available UL OFDM symbol in a slot is less than 12, PRACH can be transmitted at the 2nd half slot which is configured as UL transmission.
Observation 4: 
· When starting OFDM symbol is configured as ‘0’, 12 OFDM symbols are used for PRACH transmission and remaining two OFDM symbols are used for other purpose (e.g. guard period, SRS transmission, PUCCH transmission, etc.).
· When starting OFDM symbol is configured as ‘2’, all of 12 OFDM symbols are used for PRACH transmission.
· When starting OFDM symbol is configured as ‘7’, 6 OFDM symbols are used for PRACH transmission remaining one OFDM symbol is used for other purpose (e.g. SRS transmission, PUCCH transmission, etc.).

Proposal 3: 
· As a baseline to design the RACH configuration for short sequence based RACH preamble, adopt the following configuration parameters for short sequence based RACH preamble.
· x=16, y=1, subframe={{9}}
· x=8, y=1, subframe={{9}}
· x=4, y=1, subframe={{9}}
· x=2, y=0, subframe = {{4},{9}}
· x=2, y=1, subframe = {{4},{9}}
· x=1,y=0, subframe={{3},{4},{8},{9},{1,6},{4,9},{3,4},{8,9},{3,4,9},{4,8,9},{7,8,9}, {1,4,6,9},{3,4,8,9},{1,3,5,7,9}}
· On the top of the configuration, modify the subframe index for RACH occasion depending on the RACH format.
Proposal 4: 
· When the number of available UL OFDM symbol in a slot is less than 12, starting OFDM symbol in the slot is ‘7’.
· When the number of available UL OFDM symbol in a slot is less than 7, RACH transmission is not permitted in the slot.
Proposal 5: 
· When starting OFDM symbol is configured as ‘0’, RACH preamble formats of A1, A2, A3, B4, C0 and C4 are used. 
· When starting OFDM symbol is configured as ‘2’, RACH preamble formats of A1/B1, B1, A2/B2, A3/B3, B4, C0 and C4 are used.
· When starting OFDM symbol is configured as ‘7’, RACH preamble formats of A1, A3, C0 and C4 are used.

For FR2 and unpaired spectrum
Observation 5: 
· In case of 1.25ms period of cell specific DL/UL configuration, 8 slots (i.e. 4, 9, 14, 19, 24, 29, 34, 39) where the second part of RACH slot with 120kHz SCS can be used as PRACH occasion are available for RACH transmission.
· In case of 2.5ms period of cell specific DL/UL configuration, 8 slots (i.e. 8, 9, 18, 19, 28, 29, 38, 39) where the second part of RACH slot with 120kHz SCS can be used as PRACH occasion are available for RACH transmission.
· In case of 5ms period of cell specific DL/UL configuration, some slots at the end of the period (i.e. 16, 17, 18, 19, 36, 37, 38, 39) can be used as PRACH occasion.
· In case of 10ms period of cell specific DL/UL configuration, some slots at the end of the period (i.e. from 32 to 39).

Proposal 6: 
· In case of FR2, following values are applied for PRACH configuration:
· x=16, y=1, subframe={{39}}
· x=8, y=1, subframe={{39}}
· x=4, y=1, subframe={{39}}
· x=2, y=0, subframe = {{19},{39}}
· x=2, y=1, subframe = {{19},{39}}
· x=1,y=0,subframe={{9},{19},{29},{39},{9,29},{19,39},{9,28,29},{19,38,39}, {8,18,28,38},{9,19,29,39},{35,36,37,38,39},{18,19,36,37,38,39}}
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