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Introduction
In RAN1#92 meeting, the following agreement has been achieved on collision between RACH occasion and semi-static DL/UL configuration [1]:
Agreements:
· For the previous 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.
· For FR2, it is replaced with the following working assumption (no change of the previous working assumption regarding FR1)
· For the Semi-static UL/DL configuration in RMSI, only PRACH occasions within the UL part and X part are valid as long as it does not precede or collide with an SSB in the RACH slot
· UE is not expected to receive DL signals during any valid RACH occasion
· Note: In the UL/DL semi-static configuration, 0 UL slots and 0 UL symbols can be configured
· FFS how to handle the gap necessary in between SS/PBCH block or DL part and PRACH tx
In RAN1 #91, the following has been agreed on RACH CORESET design [2]:
Agreements:
· NR supports RMSI to indicate PDCCH configuration which gives search space configuration for RACH procedure (before RRC connection setup is complete)
Agreements:
· UE is not expected to monitor more than one Msg2/Msg3/Msg4 search space in one slot.
· Starting symbol of Msg2/Msg3/Msg4 search space is the same in every slot.
In RAN1 #90, the following has been agreed on PRACH transmission on SUL [3]:
Agreements:
· For NR UE initial access based on RACH configuration for an SUL carrier 
· RACH configuration for the SUL carrier is broadcasted in RMSI
· The configuration information for the SUL carrier is sufficient for UEs to complete RACH procedure via only that SUL carrier
· In particular, the configuration information includes all necessary power control parameters
· The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold
· If the UE starts its RACH procedure on the SUL carrier, then the RACH procedure is completed with all uplink transmission taking place on that carrier
In this contribution, we considered and discussed the remaining details for PRACH. Particularly, we considered and discussed the issues related to gap in between SS/PBCH block and PRACH TX, RACH collision with SRS and RACH CORESET. 

Msg2/Msg3/Msg4 Search Space
RACH CORESET can be the same as RMSI CORESET, but with monitoring occasion in every slot within RACH monitoring window. NR has agreed that UE is not expected to monitor more than one RACH search space in one slot. If RACH CORESET is the same with RMSI CORESET, for the case when there are more than one RACH CORESETs within one slot, NR should specify the rule that which one of the multiple CORESETs UE should monitor for RACH search space.  
There are three RMSI COREST patterns. For RMSI COREST of pattern 1, RMSI COREST and RMSI are TDMed with SSB, and the COREST is always at the beginning of one slot or 7-symbol subslot. If RMSI COREST is configured as pattern 1, and RACH COREST can have the same configuration. For the cases when there are two RACH CORESETs within one slot, UE can monitor one of them according to the index of SSB associated with Msg1. If the index of SSB associated with Msg1 is even, UE monitors the first PDCCH occasion; if the index of SSB associated with Msg1 is odd, UE monitors the second PDCCH occasion.
For RMSI COREST of pattern 2, RMSI COREST is TDMed with SSB, and RMSI is FDMed with SSB. If RMSI CORESET is configured as pattern 2, and RACH COREST can have the same configuration, there may be multiple RACH CORESET within one slot. When RMSI/RACH SCS is 60KHz and SSB SCS is 120KHz, there are four RMSI PDCCH monitoring occasions within one slot, as shown in Figure 1. In each slot, UE monitors the CORESET associated with the SSB that is associated with Msg1. 



Figure 1 RMSI CORESET - pattern 2

When RMSI/RACH SCS is 120KHz and SSB SCS is 240KHz, there can be up to six RMSI PDCCH monitoring occasions within one slot, as shown in Figure 2. In Figure 2, the PDCCH monitoring symbols are {0,1,2,3,12,13} at the first slot, while the PDCCH monitoring symbols at the second slot is {0, 1}. For RACH, UE should monitor the same CORESET in every slot within RACH monitoring window. UE can monitor the CORESET associated with the SSB that is associated with Msg1. However, for this case, there may be unbalanced RAR scheduling for different SSBs. UE monitors the 1st CORESET, with starting symbol index 0, for receiving the RARs that are associated with SSB1 and SSB7, while UE monitors the 3rd CORESET, with starting symbol index 2, only for receiving RARs that are associated with SSB3. For the 1st CORESET, gNB needs to schedule transmissions of RAR that is associated with two SSBs, SSB1 and SSB7. For the 3rd CORESET, gNB only needs to schedule transmissions of RAR that is associated with one SSB, SSB3. This make the unbalance scheduling of RARs associated with different SSBs. The resource for SSB1 is twice of the resource scheduling for SSB1 or SSB7. In order to solve the unbalance scheduling, gNB can configure RACH CORESET which is different from the RMSI CORESET for this case. 

 
Figure 2: RMSI COREST – Pattern 2

The RACH CORESET can have the same configuration with RMSI CORESET, and RACH CORESET can also be configured in RMSI different from RMSI CORESET for scheduling flexibility. 
Proposal 1: The RACH CORESET can have the same configuration with RMSI CORESET, and RACH CORESET can also be configured in RMSI different from RMSI CORESET for scheduling flexibility. 
Proposal 2: When there are more than one RACH PDCCH monitoring occasions within one slot, UE monitors the one whose associated SSB is associated with Msg1. 

Gap in Between SS/PBCH Block and PRACH TX
It has been agreed that RACH occasions within the X part following SSB are valid. If a slot within X part and it is configured as PRACH resource, the symbols after SSB within that slot can be used for preamble transmission. The switching gap from SSB receiving to PRACH preamble transmission should be considered. Especially when the symbol duration is small, the impact of switching gap maybe large. 
Take the slot in Figure 3 as an example. The slot is in X part and configured as PRACH resource. There is SSB transmitted at OFDM symbols 2~5. According to the agreement, the symbols 6~13 can be used as PRACH. But, there is some gap when UE switching from receiving SSB at symbols 2~5 to transmitting at symbols 6. 


	 	
Figure 3: slot with SSB and PRACH

The switching gap for PRACH is given as the PRACH ON/OFF time mask in spec TS 38.101[4]. For FR1, it is 10us, and for FR2, it is 5us. If the SSB symbol duration is much larger than the PRACH ON/OFF time mask, the SSB receiving performance may not be impacted by the switching gap, and vice versa. In FR1, when the SSB SCS is 15KHz, the duration of one SSB symbol is 66.67us. The ON/OFF time mask, 10us, is about one six of one symbol duration, and the impact of switching gap can be ignored. When the SSB SCS is 30KHz, the duration of one SSB symbol is 33.33us. The ON/OFF time mask, 10us, is about one third of one symbol duration, and the impact to SSB receiving may be small. However, to improve the performance of DL receiving, one symbol gap also can be introduced for UL/DL switching. In FR2, when the SSB SCS is 120KHz, the duration of one SSB symbol is 8.33us, where the PRACH ON/OFF time mask, 5us, can occupy more than half of the symbol. Thus, the switching gap may degrade the SSB receiving. In FR2, when the SSB SCS is 240kHz, the duration of one SSB symbol is 4.17us, which is even smaller than the PRACH ON/OFF time mask, 5us. The switching gap can dramatically degrade the SSB receiving. NR should introduce one symbol gap for UE switching from SSB receiving to PRACH transmission in FR2 in order to ensure the SSB reception and PRACH transmission.
Proposal 3: One symbol gap between SSB and PRACH may be introduced in FR2 for SSB reception and PRACH transmission.

PRACH Collision with SRS
Besides collision between PRACH and SSB transmitting, SRS resource may also collide with PRACH. RACH resource is configured by PRACH_configuration_index in RMSI, indicating the slot index and the starting OFDM symbol for preamble transmission. For each slot indicated as RACH resource, the OFDM symbols from the starting_OFDM_symbol_index to the end of the slot are PRACH. 
SRS is UL reference signal transmitted by UE, which is usually configured at the end of one slot. In NR, there can be at most 6 OFDM symbols at the end of one slot configured as SRS resources. If one slot is configured as PRACH, and it is also configured as SRS resource, then there is collision between PRACH and SRS resource at the symbols configured for SRS resource. RACH preamble and SRS cannot be transmitted simultaneously as gNB cannot detect any one of them. When there is collision between PRACH and SRS resource, NR should decide which one, PRACH or SRS, is valid. 
Considering that RACH has higher priority than SRS, UE should transmit RACH and SRS should be dropped if there is collision. When transmitting RACH, UE may not have the configuration about SRS resource. Consequently, UE doesn’t know whether there is collision between PRACH and SRS. Thus, UE should transmit the RACH preambles without considering whether there is SRS resource configured at the end of this slot. On the other hand, if SRS resource configured to a UE collides with PRACH resource, the UE should drop the collided SRS. Otherwise, SRS transmission may interfere RACH preamble transmission, and gNB can correctly decode neither preambles nor SRS.

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. Condition of alternative 2 is easier than the condition of alternative 1, hence it is easier for UE switching to SUL. 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 propagations of wireless channel. 
Compared with alternative 2, alternative 1 is more direct condition showing whether PRACH is proper to staying at the normal UL. PRACH. If too many UEs switching from normal UL to SUL and successfully access the network, the threshold for SUL PRACH configuration should be considered to be increased, such that 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. 

Timing Gap Between The TA Reception and Adjustment
After receiving TA command in MAC CE of PDSCH, UE needs to adjust UL timing advancement in the following UL transmissions. The minimum timing gap between TA command reception and UL transmission with TA adjustment should be specified. UE first decodes the PDSCH and get the MAC CE, and MAC layer will get the TA adjustment value, then UE needs to prepare the corresponding UL transmission with the TA adjustment value. Thus, the timing gap should include time for UE decoding PDSCH, time for MAC layer processing, and time for UE preparing corresponding UL transmission with TA adjustment. 
The minimum time gap between the reception of TA command and the corresponding adjustment of the uplink transmission timing when PDSCH and uplink transmission have the same SCS is given by duration of 
·  is the value determined in control session with front loaded plus additional DMRS and depends on UE capability.
·  is the value determined in control session and depends on UE capability.
·  is the MAC processing latency, 500us.

Conclusions
In this contribution, we considered and discussed the remaining details for PRACH. We have the following proposals:
Proposal 1: The RACH CORESET can have the same configuration with RMSI CORESET, and RACH CORESET also can be configured in RMSI different from RMSI CORESET for scheduling flexibility. 
Proposal 2: When there are more than one RACH PDCCH monitoring occasions within one slot, UE monitors the one whose associated SSB is associated with Msg1. 
Proposal 3: One symbol gap between SSB and PRACH may be introduced in FR2 for SSB reception and PRACH transmission.
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