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Introduction
In RAN1#91 meeting, the following working assumptions has been achieved on collision between RACH occasion and semi-static DL/UL configuration:
Working assumption:
· If the Semi-static UL/DL configuration is in RMSI, only PRACH occasions within the UL part is transmitted
· UE assumes that RACH occasions configured in RMSI are not collided with DL transmission
· Introducing start symbol(s) larger than 2 for a limited number of entries in the Configuration table.
· If the Semi-static UL/DL configuration is in OSI
· Symbol index for the unpaired spectrum is also physical symbol index
· UE assume that RACH occasions configured in RMSI are not collided with DL transmission
· Introducing start symbol(s) larger than 2 for a limited number of entries in the Configuration table.

In RAN1 201801 AH, there is following agreements on PRACH configuration of FR1 and unpaired spectrum 
Agreements:
· To adopt the following TP to section 6.3.3.2 of 38.211
· The ones in red color are working assumption

------------- text proposal, 38.211 section 6.3.3.2 -----------------------------------------------
· Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum (long sequence)
	PRACH
Configuration 
Index
	Preamble format
	

	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	Number of PRACH occasions within a RACH slot

	
	
	

	

	
	
	
	

	0
	0
	16
	1
	9
	0
	-
	-

	
	0
	8
	1
	9
	0
	-
	-

	
	0
	4
	1
	9
	0
	-
	-

	
	0
	2
	0
	9
	0
	-
	-

	
	0
	2
	1
	9
	0
	-
	-

	
	0
	2
	0
	4
	0
	-
	-

	
	0
	2
	1
	4
	0
	-
	-

	
	0
	1
	0
	9
	0
	-
	-

	
	0
	1
	0
	8
	0
	-
	-

	
	0
	1
	0
	7
	0
	-
	-

	10
	0
	1
	0
	6
	0
	-
	-

	
	0
	1
	0
	5
	0
	-
	-

	
	0
	1
	0
	4
	0
	-
	-

	
	0
	1
	0
	3
	0
	-
	-

	
	0
	1
	0
	2
	0
	-
	-

	
	0
	1
	0
	1
	0
	-
	-

	
	0
	1
	0
	4,9
	0
	-
	-

	
	0
	1
	0
	3,8
	0
	-
	-

	
	0
	1
	0
	2,7
	0
	-
	-

	
	0
	1
	0
	8,9
	0
	-
	-

	20
	0
	1
	0
	4,8,9
	0
	-
	-

	
	0
	1
	0
	3,4,9
	0
	-
	-

	
	0
	1
	0
	3,4,8
	0
	-
	-

	
	0
	1
	0
	7,8,9
	0
	-
	-

	
	0
	1
	0
	3,4,8,9
	0
	-
	-

	
	0
	1
	0
	6,7,8,9
	0
	-
	-

	
	0
	1
	0
	1,4,6,9
	0
	-
	-

	
	0
	1
	0
	1,6
	0
	
	

	
	0
	1
	0
	1,6
	7
	-
	-

	
	0
	1
	0
	1,3,5,7,9
	0
	-
	-

	30
	1
	16
	1
	7
	0
	-
	-

	
	1
	8
	1
	7
	0
	-
	-

	
	1
	4
	1
	7
	0
	-
	-

	
	1
	2
	0
	7
	0
	-
	-

	
	1
	2
	1
	7
	0
	-
	-

	
	1
	1
	0
	7
	0
	-
	-

	
	2
	16
	1
	6
	0
	-
	-

	
	2
	8
	1
	6
	0
	-
	-

	
	2
	4
	1
	6
	0
	-
	-

	
	2
	2
	0
	6
	7
	-
	-

	40
	2
	2
	1
	6
	7
	-
	-

	
	2
	1
	0
	6
	7
	-
	-

	
	3
	16
	1
	9
	0
	-
	-

	
	3
	8
	1
	9
	0
	-
	-

	
	3
	4
	1
	9
	0
	-
	-

	
	3
	2
	0
	9
	0
	-
	-

	
	3
	2
	1
	9
	0
	-
	-

	
	3
	2
	0
	4
	0
	-
	-

	
	3
	2
	1
	4
	0
	-
	-

	
	3
	1
	0
	9
	0
	-
	-

	50
	3
	1
	0
	8
	0
	-
	-

	
	3
	1
	0
	7
	0
	-
	-

	
	3
	1
	0
	6
	0
	-
	-

	
	3
	1
	0
	5
	0
	-
	-

	
	3
	1
	0
	4
	0
	-
	-

	
	3
	1
	0
	3
	0
	-
	-

	
	3
	1
	0
	2
	0
	-
	-

	
	3
	1
	0
	1
	0
	-
	-

	
	3
	1
	0
	1,6
	0
	-
	-

	
	3
	1
	0
	1,6
	7
	-
	-

	60
	3
	1
	0
	4,9
	0
	-
	-

	
	3
	1
	0
	3,8
	0
	-
	-

	
	3
	1
	0
	2,7
	0
	-
	-

	
	3
	1
	0
	8,9
	0
	-
	-

	
	3
	1
	0
	4,8,9
	0
	-
	-

	
	3
	1
	0
	3,4,9
	0
	-
	-

	
	3
	1
	0
	7,8,9
	0
	-
	-

	
	3
	1
	0
	3,4,8,9
	0
	-
	-

	
	3
	1
	0
	6,7,8,9
	0
	-
	-

	
	3
	1
	0
	1,4,6,9
	0
	-
	-

	70
	3
	1
	0
	1,3,5,7,9
	0
	-
	-




In this contribution, we considered and discussed issues related to collisions between RACH and DL transmissions.

Collision between RACH occasion and actually transmiting SSB
It has been agreed that RACH occasions colliding with transmitting SSBs are dropped according to the agreement in agenda item 7.3.1.3 of RAN1 #91. Besides the RACH occasions overlapped with the SSBs, NR also needs to decide whether to transmit preambles on other RACH occasions within the same slot but not overlapped with SSB. 
In FR1, within one slot of SCS = 15KHz, there can be 2 SSBs if SSB SCS is 15KHz, and there can be 4 SSBs if SSB SCS is 30KHz. In FR2, within one slot of SCS = 60KHz, there can be 2 SSBs if SSB SCS is 60KHz, and there can be 4 SSBs if SSB SCS is 120KHz. The positions of 2 SSBs within one slot is shown in Figure 1(a), and the positions of 4 SSBs within one slot is in Figure 1(b). 



      
(a)                                               (b)
Figure 1. SS blocks within one slot

In the following, we consider if one slot with actually transmitting SSBs is configured as PRACH slot, the configured RACH occasions in this slot are valid or not. The following alternatives may be considered
Alt 1: it is up to gNB to configure PRACH to avoid the collision with acturally transmitting SSBs
Alt 2: The UE should only be allowed to transmit PRACH preambles at time instances (OFDM symbols) not indicated as used for actually transmitted SS blocks.
Alt 3: All RACH occasion at the same slot with actually transmitted SS blocks are invalid.
Alt 4: UE assumes that all RACH resources in the specific half of the slot that get overlapped with an actually transmitted SS/PBCH block are not valid.
Alt 5: If an SSB falls in the first half of the slot, UE assumes that all RACH resources in the first half of the slot are not valid but resources in the 2nd half of the slot are slot. If an SSB falls in the second half of the slot, UE assumes that all RACH resources within the slot are not valid.
Alternative 1 means that for each SSB transmitting pattern, gNB will always configure PRACH index to avoid the collision with the actually transmitting SSBs. For long sequence preambles, there are already agreed RACH configurations for FR1. According to the agreements, PRACH table is trying to avoid the PRACH collision with SS block transmissions. For short sequence preambles, PRACH configuration for FR1 and unpaired spectrum is also trying to avoid the PRACH collision with the SS block transmissions. For each SSB transmitting pattern in FR1 and unpaired spectrum, gNB always can configure an PRACH configuration such that there is no collision between SSBs and RACH occasions. For alternative 1, there is at most 1 DL-UL switches within one slot.
Alternative 2 may cause frequent DL-UL switches. There may be three DL-UL switches within one slot. For example, if SSB SCS is 30KHz, there are 4 SSBs in one slot (with SCS 15KHz), as shown in Figure 1(b). The slot with SSBs is configured as the PRACH resource. Preamble format is A0 and starting symbol is 2. According to alternative 2, the symbols that are not occupied by transmitting SSBs can be used as transmitting preambles. Then the DL/UL symbols of this subframe are shown in Figure 2. In this slot, the DL to UL switches is DL->UL->DL->UL. There are totally 3 DL-UL switching points. Thus, for this alternative, there may be too many switching points.




Figure 2: DL/UL symbols

For Alternative 3, all RACH occasions within the same slot of SSBs are dropped, which is the simplest one, but the number of RACH occasions is much lower than other alternatives. 
Alternative 4 means that if there is no SS block transmitting in the first (or second) half of RACH slot, the RACH occasions in the first (or second) half of slot is valid. In this case, there can be two DL-UL switching points if there is SSB transmitting in the second half RACH slot but no SSB transmitting in the first half slot, where the slot is DL->UL->DL.  
Compared with alternative 4, alternative 5 has less DL-UL swithing points. For alternative 5, if there is SSB transmitting in the second half of slotbut no SSB transmitting in the first half of slot, then the RACH occasions in the first half of slot are dropped. The slot is DL -> UL. There is only 1 DL-UL switches within one slot.
Among all those five alternatives, alternative 2 can support the highest number of preamble transmissions but it has the highest number of DL-UL switching points within one slot. Alternative 1 supports more preamble transmissions than alternative 5 by flexibly configuring a starting symbol larger than 2. Moreover, alternative 1 has only one DL-UL swithing point. 
Proposal 1: gNB configures PRACH resources to avoid the collision with actually transmitted SSBs.

Collision between RACH occasion and semi-static DL/UL configuration
Besides SS blocks, the RACH configuration may also collide with DL part configured in semi-static DL/UL configuration. If UE drops the ROs that collide with the semi-static DL/UL configurations, UE needs to know the location of DL part or DL transmissions before transmitting preamble. However, for some cases UE even doesn’t know the location of DL parts or DL transmissions during initial access. If semi-stati DL/UL configuration is configured in OSI, UE doesn’t know the location of DL part before transmitting preamble. If gNB scheduling DL transmission in ‘Unknown’ part of semi-static DL/UL configurations, UE doesn’t know the location of thoses DL transmissions neither. Thus, it is not reasonable for UE to drop the ROs that collides with the semi-static DL/UL configuration, as UE even doesn’t know whether ROs collides with DL part or DL transmissions. UE should transmit preambles no matter whether the RACH occasion is configured as DL part in semi-static DL/UL configurations. The collision can be handled at gNB side. gNB has both the information of semi-static DL/UL configuration and RACH occasions. If the DL part or Unknown part is configured as RACH occasion, except SSBs transmissions, gNB should not schedule any other DL transmissions in the same time instance of RACH occasions in order to avoid DL transmissions colliding with RACH occasions. However, network also can try to configure proper RACH configurations such that there is no collision between semi-static configuration and RACH occasions. Overall, UE assumes that RACH occasions are not collided with DL transmissions except SSB transmissions. 
Switching from Normal UL to SUL
It has been agreed that do not support switching from SUL to UL during RACH procedure. The problem is whether and how to support switching from UL to SUL during RACH procedure.  
The channel quality may get worse than the channel quality at the beginning of PRACH during PRACH procedure due to the time invariant characteristics of wireless channel. If UE cannot access the network successfully on normal UL, it is reasonable to access on SUL if SUL is configured, as the coverage of SUL is larger than the coverage of normal UL. This will reduce the PRACH delay. 

Then there are following alternatives for the criterions for switching RACH from normal UL to SUL. 
Alt 1: UE switches from normal UL to SUL when UE has several times of RACH receiving failure, i.e., RAR receiving failure or Msg4 receiving failure. 
Alt 2: UE switches if the last time of DL measurement is lower than the preconfigured threshold. 
If UE fails in receiving RAR or Msg4, then it may because of the preamble collision or because of the worse channel quality. If UE fails in receiving RAR for several times, it is most likely because of the worse channel quality. It is helpful for UE to switch to SUL for RACH. 
For alternative 2, UE switches to SUL once the DL measurement is lower than the preconfigured threshold. However, DL measurement lower than the preconfigured threshold for one time doesn’t mean that UE is not in the coverage of normal UL, considering random propogations of wireless channel. It is not reasonable to switch to SUL due to just one low measurement. In this case, UE tends to switch from normal UL to SUL more frequencly. Thus, compared with alternative 1, alternative 2 may cause too many UE switching to SUL and the collision rate in SUL will be increased. 
Compared with alternative 2, alternative 1 is more reasonable condition showing whether PRACH is proper to staying at the normal UL. However, if too many UEs switching from normal UL to SUL and successfully access the network on SUL, the threshold for choosing normal UL or SUL in PRACH configuration should be considered to be increased, such that those UE may select SUL at the beginning of RACH, and the RACH delay is reduced. 
For the first preamble transmission after switching from normal UL to SUL, the parameter of PREAMBLE_TRANSMISSION_COUNTER should be increased by 1. The parameter PREAMBLE_POWER_RAMPING_COUNTER should remain unchanged to reduce the access delay. 

Conclusions
In this contribution, we considered and discussed issues related to collisions between RACH and DL transmissions. We have the following proposals:
Proposal 1: gNB configures PRACH resources to avoid the collision with actually transmitted SSBs.
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