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Introduction
The following agreements were made on PRACH procedure in RAN1#92bis [1]:

	Agreements:
· Confirm the following working assumption:
· Minimum time gap between the end of PDSCH for Msg4 and the start of HARQ-ACK equals to the duration of N1 + L2.
· N1 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· L2=500 usec refers to the MAC layer processing time
· Note: the reason for working assumption is due to potential concern over satisfying ITU requirement (to be checked) 

Agreements:
· For the parameter new, new =250us

Agreements:
Modify the previous agreement with following updates:
· For PDCCH ordered CFRA, the minimum timing gap between PDCCH order reception and Msg1 transmission is 
· N2+BWPSwitching+ Delay, 
· If BWP switching is not required, BWPSwitching=0; otherwise, BWPSwitching is up to RAN4
· N2 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· N2 is dependent on the SCS of Msg1
· Working assumption: For Msg1 with 1.25 kHz or 5 kHz SCS, calculation of N2 uses 15 kHz SCS.
· Delay includes at least MAC layer delay in initializing PRACH
· Delay = 250 us for FR2, Delay = 500 us for FR1

Agreements:
UE does not simultaneously transmit PRACH and PUSCH/PUCCH/SRS in, at least, single CC and in intra-band CA, during any of the following scenarios:
· Same slot 
· When the gap between the end of PRACH (PUSCH/PUCCH/SRS) and the start of PUSCH/PUCCH/SRS (PRACH) is less than N symbols
· N = 2 for 15 kHz and 30 kHz SCS. 
· N = 4 for 60 kHz and 120 kHz SCS.
· Working assumption: Reference SCS for determining N is the SCS for UL BWP.
· FFS: inter-band CA.
· Transmission of PRACH or SR (on PUCCH) if any, is up to UE implementation.
To draft reply LS based on the above agreements in R1-1805713, which is approved, final LS in R1-1805759

Agreements:
· To adopt the following TP to 8.1 of 38.213:
[…] The UE is provided a number of contention based preambles per SS/PBCH block per PRACH occasion by the value of higher layer parameter cb-preamblePerSSB and the UE determines a total number of preambles per SSB per PRACH occasion as the multiple of the value of SSB-perRACH-Occasion and the value of cb-preamblePerSSB.

Agreements:
· For the case that N SSBs are associated with one RACH occasion, where N >= 1, the subset of cb-preamblePerSSB consecutive CBRA preambles associated with SSB i (i=0, …, N-1) starts from preamble index i*(64/N).  

Working assumption:
[bookmark: _Hlk511886682]For a TA command in MAC-CE received on slot n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of slot n+k where k-1 is equal to ceil((duration of N1 + L2 + duration of N2 + TA_max)/slot_duration) and where
· N1 refers to the value determined in control session with front loaded plus additional DMRS and UE capability #1
· N2 also refers to the value determined in control session with UE capability #1
· L2 refers to the MAC processing latency and is equal to 0.5 msec.
· TA_max is equal to the maximum timing advance value that the 12 bit TA command can provide with respect to the UL SCS
· Note: Spec captures the value k for different SCS
· UE is not expected that UL transmissions in the same slot shall apply different TA values.
· If this happens, it is up to UE’s implementation.
•	FFS: the reference SCS of slot n+k and the time duration of (k-1) slots when UL and DL have different SCSs.  
Agreements:
· The parameter cb-preamblePerSSB indicates the number of CBRA preambles per SSB per RACH occasion.

R1-1805614
Agreements:
Change the previous working assumption:
· Time period for SSB to RO association is multiple of PRACH configuration periods
· The number of multiple PRACH configuration periods in the time period is the smallest value in the set {1, 2, 4} such that the number is
≥ Actually transmitted SSBs / SSBs that can be mapped to one PRACH config period
· The time period starts from frame 0

And replace it with the following:
· Time period for SSB to RO association is multiple of PRACH configuration periods
· The number of multiple PRACH configuration periods in the time period is the smallest value in the set determined by the RACH configuration period from following table such that the number is
≥ Actually transmitted SSBs / SSBs that can be mapped to one PRACH config period  such that all actually transmitted SSBs can be mapped, at least once, to the ROs within the time period.
· The time period starts from frame 0

	RACH configuration period (ms)
	Mapping period set (# of RACH configuration period )

	10
	{1，2，4，8，16}

	20
	{1，2，4，8}

	40
	{1，2，4}

	80
	{1，2}

	160
	{1}




Agreements:
Update the previous agreement on Msg1 retransmission as follows:
· If a received Msg2 does not contain a response to the transmitted preamble sequence, or no RAR is received by the end of the RAR window, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence after no later than the duration of N1 + new + L2.
· N1 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· new = 250 us
· L2=500 usec refers to the MAC layer processing time
· Note: UE is not mandated to measure each SSB prior to every Msg1 retransmission

Agreements:
Update the previous agreement in the following way:
· From UE perspective, minimum time gap between Msg2 over-the-air reception and Msg3 transmission if Msg2 and Msg3 have the same SCS
· Duration of N1 + duration of N2 + L2 + N_TA + TA 
· N1 refers to the value determined in control session with front loaded plus additional DMRS and UE capability #1
· N2 also refers to the value determined in control session with UE capability #1
· TA is equal to the maximum timing advance value that the 12 bit TA command can provide with respect to the SCS of Msg3
· L2 refers to the MAC processing latency and it does not depend on subcarrier spacing
· L2=500us as a working assumption
· Note: If Msg2 and Msg3 have different SCS, value of N1 and N2 will refer to the ones determined in control session.
· Note: If Msg2 and Msg3 have different SCS, value of N1 and N2 – in terms of absolute time - are determined by lower SCS between Msg2 and Msg3
· Note: Network schedules Msg3 while ensuring the minimum time gap and considering the TA command conveyed in Msg2
R1-1805647	Draft reply LS on Message 3 size for NR NTT DOCOMO, INC., CMCC, Orange, Deutsche Telekom, Vodafone, AT&T [RAN WG1]
The LS is endorsed with the following updates:
· 3 to hundreds of bytes 
· Q2: NR PUSCH, based on existing RAN1 evaluations, TB size…
Final LS in R1-1805657

R1-1805701
Agreements:
· PDCCH order for RACH procedure includes the following fields:
· Random Access Preamble index – 6 bits. Indicating which Random access preamble to use in case of contention-free random access procedure, or the value 000000 in case of contention-based random access procedure
· For CFRA only:
· FFS BWP index. Indicating which BWP to transmit the Random access preamble on
· SUL indicator – 1 bit. Indicating whether to transmit the Random access preamble on SUL or normal uplink carrier
· SSB index - 6 bits are used to indicate an SSB index, which, in turn, identifies a group of RACH occasions
· RACH occasion index - 3 bits are used to indicate the relative RACH occasion index that corresponds to the indicated SSB index identified group of RACH occasions

R1-1805634
Proposal for working assumption:
· For the MSG3 PUSCH time domain resource assignment in RAR, the UE uses the default table or table indicated by RMSI for MSG3 PUSCH for the value of K2
· Note:  FFS: Numerology for K2
· Additional delay is added to K2 to account for N1+L2. The delay is subcarrier specific and given by the specification
· Note: If Msg2 and Msg3 have different SCS, value of N1 – in terms of absolute time - are determined by lower SCS between Msg2 and Msg3
· Note: Working assumption can be revisited once default table and/or support for RMSI signaling has been decided
Revist till next meeting 

R1-1805754
Companies are encouraged to check the default search space for RACH procedure proposals as in R1-1805754





In this contribution, we discuss some of the remaining issues left for the PRACH procedure [2]. 
Discussion
The following working assumption was made in RAN1#92bis:
Working assumption:
For a TA command in MAC-CE received on slot n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of slot n+k where k-1 is equal to ceil((duration of N1 + L2 + duration of N2 + TA_max)/slot_duration) and where
· N1 refers to the value determined in control session with front loaded plus additional DMRS and UE capability #1
· N2 also refers to the value determined in control session with UE capability #1
· L2 refers to the MAC processing latency and is equal to 0.5 msec.
· TA_max is equal to the maximum timing advance value that the 12 bit TA command can provide with respect to the UL SCS
· Note: Spec captures the value k for different SCS
· UE is not expected that UL transmissions in the same slot shall apply different TA values.
· If this happens, it is up to UE’s implementation.
•	FFS: the reference SCS of slot n+k and the time duration of (k-1) slots when UL and DL have different SCSs.  
In above working assumption, it is still FFS on “the reference SCS of slot n+k and the time duration of (k-1) slots when UL and DL have different SCSs.” In the WA, N1 and N2 are associated with, respectively, the UE PDSCH processing procedure time and UE PUSCH preparation procedure time, as defined in TS 38.214:
-	N1 is based on µ of table 5.3-1 that corresponds to the min (µDL, µUL) where the µDL corresponds to the subcarrier spacing of the downlink with which the PDSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the HARQ-ACK is to be transmitted, and κ is defined in subclause 4.41 of [4, TS 38.211] If the higher layer parameter dmrs-AdditionalPosition is configured with a value greater than 0, or if the high layer parameter is not configured, then N1 value follows from the second column of table 5.3.1; otherwise, the N1 value follows from the first column of table 5.3-1.
Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
	
	PDSCH decoding time N1 [symbols]

	
	No additional PDSCH DM-RS configured
	Additional PDSCH DM-RS configured

	0
	8
	13

	1
	10
	13

	2
	17
	20

	3
	20
	24



[bookmark: _Hlk496825264][bookmark: _Hlk496824447]-	N2 is based on µ of table 6.4-1, that corresponds to the min(µDL, µUL) where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in subclause 4.1 of [4, TS 38.211].
Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1
	
	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36



Above definitions show both N1 and N2 are determined with the consideration of different UL and DL SCSs, e.g., µ= min(µDL, µUL). Then, it seems straightforward that µ= min(µDL, µUL) should also be used for determination of the slot when the TA command becomes effective. 
Proposal 1: When a TA command is received, if UL and DL have different SCSs, the reference SCS for the corresponding adjustment of the uplink transmission timing after receiving the TA command should be µ= min(µDL, µUL), where µDL corresponds to the subcarrier spacing of the downlink transmission and µUL the subcarrier spacing of the uplink ttransmission. 
Another issue is that how to determine when the TA command becomes effective if there is a change of the subcarrier spacing after receiving the TA command and before it becomes effective. In our view, the change of the subcarrier spacing after receiving the TA command should not change the absolute time on when the TA command becomes effective. On the other hand, we also this situation happens rarely, and thus it should bring no harm if we allow the TA command to be effective with a more relaxed requirement 
Proposal 2: If there is a change of the subcarrier spacing in either UL or DL or both, the slot for uplink transmission adjustment after change of the subcarrier spacing can be determined with one of the following alternatives:
· the TA command still takes effective at the slot n+k, where the k is determined when the TA command is received even though the duration of the slot is changed due to the change of thesubcarrier spacing; 
· the TA command takes effective at the slot n+k’, where the k’ is the k scaled with the radio of  the subcarrier spacing changes;
Text Proposals
The text this contribution, we discussed some remaining issues on the PRACH procedure. Based on the discussion, we made the following proposals:
Integer number of SS/PBCH blocks to PRACH occasions mapping cycles
The following agreement was made in RAN1#92bis [1]:

Agreements:
Change the previous working assumption:
· Time period for SSB to RO association is multiple of PRACH configuration periods
· The number of multiple PRACH configuration periods in the time period is the smallest value in the set {1, 2, 4} such that the number is
≥ Actually transmitted SSBs / SSBs that can be mapped to one PRACH config period
· The time period starts from frame 0

And replace it with the following:
· Time period for SSB to RO association is multiple of PRACH configuration periods
· The number of multiple PRACH configuration periods in the time period is the smallest value in the set determined by the RACH configuration period from following table such that the number is
≥ Actually transmitted SSBs / SSBs that can be mapped to one PRACH config period  such that all actually transmitted SSBs can be mapped, at least once, to the ROs within the time period.
· The time period starts from frame 0

	RACH configuration period (ms)
	Mapping period set (# of RACH configuration period )

	10
	{1，2，4，8，16}

	20
	{1，2，4，8}

	40
	{1，2，4}

	80
	{1，2}

	160
	{1}



The text description corresponding to above agreement is presented in Section 8.1 TS 38.213 as follows:

“An association period, starting from frame 0, for mapping SS/PBCH blocks to PRACH occasions is the smallest value in the set determined by the PRACH configuration period according Table 8.1-1 such that  SS/PBCH blocks are mapped at least once to the PRACH occasions within the association period, where a UE obtains  from the value of higher layer parameter ssb-PositionsInBurst . If after an integer number of SS/PBCH blocks to PRACH occasions mapping cycles within the association period there is a set of PRACH occasions that are not mapped to SS/PBCH blocks, no SS/PBCH blocks are mapped to the set of PRACH occasions. An association pattern period consists of one or more association periods and is determined so that a pattern between PRACH occasions and SS/PBCH blocks repeats at most every 160 msec. PRACH occasions not associated with SS/PBCH blocks after an integer number of association periods, if any, are not used for PRACH transmissions.”

Within an association period, there can be n (>=1) SS/PBCH blocks to PRACH occasions mapping cycles, and thus what the integer number should be is not clearly defined. Our understanding is that the integer number should be the maximum of the integer number cycles which can be fitted into the association period or the association pattern period. Thus, we suggest making this clear as follows:

========== Text Proposal (In Section 8.1, TS 38.213) ======
“An association period, starting from frame 0, for mapping SS/PBCH blocks to PRACH occasions is the smallest value in the set determined by the PRACH configuration period according Table 8.1-1 such that  SS/PBCH blocks are mapped at least once to the PRACH occasions within the association period, where a UE obtains  from the value of higher layer parameter ssb-PositionsInBurst . If after an maximum allowed  integer number of SS/PBCH blocks to PRACH occasions mapping cycles within the association period there is a set of PRACH occasions that are not mapped to SS/PBCH blocks, no SS/PBCH blocks are mapped to the set of PRACH occasions. An association pattern period consists of one or more association periods and is determined so that a pattern between PRACH occasions and SS/PBCH blocks repeats at most every 160 msec. PRACH occasions not associated with SS/PBCH blocks after an maximum allowed integer number of association periods within the association pattern period, if any, are not used for PRACH transmissions.”


TP for no simultaneous transmission of PRACH and PUSCH/PUCCH/SRS 
The following agreement was made in RAN1#92bis [1]:

Agreements:
UE does not simultaneously transmit PRACH and PUSCH/PUCCH/SRS in, at least, single CC and in intra-band CA, during any of the following scenarios:
· Same slot 
· When the gap between the end of PRACH (PUSCH/PUCCH/SRS) and the start of PUSCH/PUCCH/SRS (PRACH) is less than N symbols
· N = 2 for 15 kHz and 30 kHz SCS. 
· N = 4 for 60 kHz and 120 kHz SCS.
· Working assumption: Reference SCS for determining N is the SCS for UL BWP.
· FFS: inter-band CA.
· Transmission of PRACH or SR (on PUCCH) if any, is up to UE implementation.
The text description corresponding to above agreement is presented in Section 8.1 TS 38.213 as follows:

“For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot or when a gap between the first/last symbol of a PRACH transmission in a first slot is separated by less than  symbols from the last/first symbol of a PUSCH/PUCCH/SRS transmission in a second slot where  for  or ,  for  or , and  is the subcarrier spacing configuration for the active UL BWP.”

It seems the text description does not capture the above agreement correctly for all scenarios, since the gap of the first symbol of a PRACH transmission in a first slot to the last symbol of a PUSCH/PUCCH/SRS transmission in a second slot should NOT be limited to N symbols. 

The suggest TP for the correction is as follows:  
========== Text Proposal (In Section 8.1, TS 38.213) ======

“For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot, and UE does not transmit both PRACH and PUSCH/PUCCH/SRS or when a gap between the first/last symbol of a PRACH (or a PUSCH/PUCCH/SRS) transmission in a first slot is separated by less than  symbols from the last/first symbol of a PUSCH/PUCCH/SRS (or a PRACH) transmission in a second slot, where  for  or ,  for  or , and  is the subcarrier spacing configuration for the active UL BWP. It will be up to UE to transmit the PRACH or the PUSCH/PUCCH/SRS.”


TP for PRACH transmission time without receiving RAR
The following agreement was made in RAN1#92bis [1]:
Agreements:
Update the previous agreement on Msg1 retransmission as follows:
· If a received Msg2 does not contain a response to the transmitted preamble sequence, or no RAR is received by the end of the RAR window, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence after no later than the duration of N1 + new + L2.
· N1 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· new = 250 us
· L2=500 usec refers to the MAC layer processing time
· Note: UE is not mandated to measure each SSB prior to every Msg1 retransmission

Based on the agreement, it is defined in Section 8.2 TS 38.213:

“If the UE does not detect the DCI format 1_0 with the CRC scrambled by the corresponding RA-RNTI within the window, or if the UE does not correctly receive the DL-SCH transport block in the PDSCH within the window, or if the higher layers do not identify the RAPID associated with the PRACH transmission, the higher layers can indicate to the physical layer to transmit a PRACH. If requested by higher layers, the UE shall be ready to transmit a PRACH no later than  msec after the last symbol of the window, or the last symbol of the PDSCH reception, where  is a time duration of  symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured.”

From the agreement, our understanding is that if the UE receives Msg2, but the received Msg2 does not contain a response to the transmitted preamble sequence, the UE should be ready to transmit a PRACH no later than  msec after the last symbol of the PDSCH reception. In other situation, the UE should be ready to transmit a PRACH no later than  msec after the last symbol of the RAR window. From the text description in TS 38.213, however, it is unclear under which condition, the UE should be ready to transmit a PRACH no later than  msec after the last symbol of the PDSCH reception or RAR window.
 So, we suggest making the clarification as follows:  
========== Text Proposal (In Section 8.2, TS 38.213) ======
“If the UE does not detect the DCI format 1_0 with the CRC scrambled by the corresponding RA-RNTI within the window, or if the UE does not correctly receive the DL-SCH transport block in the PDSCH within the window, the UE shall be ready to transmit a PRACH no later than  msec after the last symbol of the window, if requested by higher layers. or ifIf the higher layers do not identify the RAPID associated with the PRACH transmission, the higher layers can indicate to the physical layer to transmit a PRACH. If requested by higher layers, the UE shall be ready to transmit a PRACH no later than  msec after the last symbol of the window, or the last symbol of the PDSCH reception,   where  is a time duration of  symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured.
….

If a UE does not detect the DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI or does not correctly receive a corresponding DL-SCH transport block within the window, the UE procedure is as described in [11, TS 38.321]. 
”

Conclusion
In this contribution, we discussed some remaining issues on the PRACH procedure. Based on the discussion, we made the following proposals:
Proposal 1: When a TA command is received, if UL and DL have different SCSs, the reference SCS for the corresponding adjustment of the uplink transmission timing after receiving the TA command should be µ= min(µDL, µUL), where µDL corresponds to the subcarrier spacing of the downlink transmission and µUL the subcarrier spacing of the uplink ttransmission.
Proposal 2: If there is a change of the subcarrier spacing in either UL or DL or both, the slot for uplink transmission adjustment after change of the subcarrier spacing can be determined with one of the following alternatives:
· the TA command still takes effective at the slot n+k, where the k is determined when the TA command is received even though the duration of the slot is changed due to the change of thesubcarrier spacing; 
· the TA command takes effective at the slot n+k’, where the k’ is the k scaled with the radio of  the subcarrier spacing changes;
Proposal 3: 
========== Text Proposal (In Section 8.1, TS 38.213) ======
An association period, starting from frame 0, for mapping SS/PBCH blocks to PRACH occasions is the smallest value in the set determined by the PRACH configuration period according Table 8.1-1 such that  SS/PBCH blocks are mapped at least once to the PRACH occasions within the association period, where a UE obtains  from the value of higher layer parameter ssb-PositionsInBurst . If after an maximum allowed  integer number of SS/PBCH blocks to PRACH occasions mapping cycles within the association period there is a set of PRACH occasions that are not mapped to SS/PBCH blocks, no SS/PBCH blocks are mapped to the set of PRACH occasions. An association pattern period consists of one or more association periods and is determined so that a pattern between PRACH occasions and SS/PBCH blocks repeats at most every 160 msec. PRACH occasions not associated with SS/PBCH blocks after an maximum allowed integer number of association periods within the association pattern period, if any, are not used for PRACH transmissions.

Proposal 4: 
========== Text Proposal (In Section 8.1, TS 38.213) ======
For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot, and UE does not transmit both PRACH and PUSCH/PUCCH/SRS or when a gap between the first/last symbol of a PRACH (or a PUSCH/PUCCH/SRS) transmission in a first slot is separated by less than  symbols from the last/first symbol of a PUSCH/PUCCH/SRS (or a PRACH) transmission in a second slot, where  for  or ,  for  or , and  is the subcarrier spacing configuration for the active UL BWP. It will be up to UE to transmit the PRACH or the PUSCH/PUCCH/SRS.

Proposal 5: 
========== Text Proposal (In Section 8.2, TS 38.213) ======
If the UE does not detect the DCI format 1_0 with the CRC scrambled by the corresponding RA-RNTI within the window, or if the UE does not correctly receive the DL-SCH transport block in the PDSCH within the window, the UE shall be ready to transmit a PRACH no later than  msec after the last symbol of the window, if requested by higher layers. or ifIf the higher layers do not identify the RAPID associated with the PRACH transmission, the higher layers can indicate to the physical layer to transmit a PRACH. If requested by higher layers, the UE shall be ready to transmit a PRACH no later than  msec after the last symbol of the window, or the last symbol of the PDSCH reception,   where  is a time duration of  symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured.
……….

If a UE does not detect the DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI or does not correctly receive a corresponding DL-SCH transport block within the window, the UE procedure is as described in [11, TS 38.321]. 
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