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Introduction
In RAN1#AH1801 meeting, the following agreements have been achieved on PRACH procedure [1],

	Agreements:
· Support cyclically mapping the actually transmitted SS/PBCH blocks and ROs within a period
· FFS the definition of the period
· FFS whether or not there a case of ROs that are not enough for a complete association with all the actually transmitted SS/PBCH blocks and if so, how to handle

Agreement: Confirm the following working assumption
· Working assumption:
· When multiple SS block are associated with one RACH transmission occasion, the preamble indices for CBRA for each SS block are mapped consecutively

Agreement:
· NR supports maximum TA command value of 3846 for RAR
Agreement:
· Confirm the working assumption that L2 = 500us as the MAC processing latency during RACH procedure.

Agreements:
· For the cyclic mapping of association between ROs and all the actually transmitted SS/PBCH blocks, if there are leftover ROs after an integer number of cycles within the defined period, 
· no SS/PBCH blocks are mapped to these leftover ROs 

Agreements:
· To add the following text in Section 8.1 of 38.213:
Actually transmitted SS/PBCH blocks are associated to RACH transmission according in the following order:
· First in increasing preamble indices within a single RACH occasion.
· Then in increasing number of frequency multiplexed RACH occasion.
· Then in increasing number of time-domain RACH occasion within a RACH slot.
· Then in increasing number of RACH slots. 
The number of SS/PBCH blocks associated to one RACH occasion is determined by parameter SSB-per-rach-occasion. If SSB-per-rach-occasion is less than one, one SS/PBCH is mapped to 1/SSB-per-rach-occasion consecutive RACH occasions.


Agreement:
· NR supports the following number of SSBs per RACH occasion: {1/8, 1/4, 1/2, 1, 2, 4, 8, 16}
· Note: This agreement includes the possibility that FDMed RACH occasions are configured to support configurations where all FDMed RACH occasions get mapped to one set of SSBs

Agreements:
· For long sequence preamble formats, the parameter DELTA_PREAMBLE is given by the following table:
	Preamble
Format
	DELTA_PREAMBLE values

	0
	0 dB

	1
	-3 dB

	2
	-6 dB

	3
	0 dB




Agreements:
· The indexing order of FDMed RACH transmissions occasions within the initial active UL BWP is from the lowest one to the highest one in frequency domain


Agreements:
· [bookmark: _Hlk504644555]For SSB-per-rach-occasion {1/8, 1/4, ½, 1, 2}: CB-preambles-per-SSB is selected from the set of values 4*N, with N=1, …, floor(16/max(1, SSB-per-rach-occasion))
· For SSB-per-rach-occasion {4, 8, 16}: CB-preambles-per-SSB is selected from the set of values N, with N=1, …, floor(64/SSB-per-rach-occasion)

Agreement: To adopt the following TP for Section 8.1 of 38.213:
· Editors to update/define the termilogy of “UL Tx beam” as necessary
Prior to initiation of the physical random access procedure, Layer 1 shall receive from higher layers a set of SS/PBCH block indexes and shall provide to higher layers a corresponding set of RSRP measurements.
Prior to retransmission of a PRACH preamble, if a UE plans to switch its UL TX beam, layer 1 shall notify upper layer to suspend power ramping counter.
Prior to initiation of the physical random access procedure, Layer 1 shall receive the following information from the higher layers


Agreement:
DELTA_PREAMBLE for short sequence preambles is given by:
	A1
	8 + 3∙μ dB

	A2
	5 + 3∙μ dB

	A3
	3 + 3∙μ dB

	B1
	8 + 3∙μ dB

	B2
	5 + 3∙μ dB

	B3
	3 + 3∙μ dB

	B4
	3∙μ dB

	C0
	11 + 3∙μ dB

	C2
	5 + 3∙μ dB


where μ is the sub-carrier spacing configuration.

Agreement: RAN1 agrees that N_TA_offset is the same with and without NR-LTE co-existence for TDD.




In this contribution, we continue the discussion on the remaining PRACH procedure.
Discussion
1.1 TA granularity
For the cases where multiple configured UL BWPs in one or more carriers are configured in the TAG, the following options are listed based on the email discussion:
· Alt 1: Maximum Subcarrier spacing of all semi-statically configured UL within the TAG, e.g., UL BWP, SUL, CC
· Alt 2: Maximum SCS of all activated UL BWPs within the TAG
· Alt 3: TA command or additional field in MAC-CE explicitly indicates the TA granularity used 
· Other alternatives are not precluded.

After connection set up, an RRC connected mode UE may be configured with one or multiple downlink (DL) and uplink (UL) bandwidth parts (BWPs) in frequency domain for a wideband operation in one or more carriers (CA case). Each BWP is associated with a specific numerology (sub-carrier spacing (SCS), CP type). Multiple BWPs with same or different numerologies can be configured and may also be activated for a UE simultaneously. Configured DL and UL bandwidth parts can be activated / deactivated by means of dedicated RRC signaling or other means. In addition, a UE can be configured with more than one uplink component carriers, e.g., in carrier aggregation mode. These component carriers may also be grouped to the same or different timing advance groups (TAG). 
The granularity of the timing advance (TA) command sent to an RRC connected mode UE, which is configured with one or more TAGs, should be determined per TAG, since a TA command is TAG specific. 
For the three alternatives, the advantages of the first two alternatives are as follows: First, there is no need to have explicit signaling between the network and the UE on the granularity of the TA, since the UE is aware of  all subcarrier spacing of the configured UL BWPs among all component carriers in a TAG; second, the determined granularity of the TA meets the requirement of the TA granularity for supporting the UL synchronization for all of the configured UL BWPs, since the determined granularity of the TA command is the finest one among the granularities required to support the UL synchronization for each configured UL BWP.
Proposal 1: NR should support one of the following two methods for determination of granularity of the TA command for each TAG in the following.
· Based on the largest subcarrier spacing among all of the subcarrier spacings in all configured UL BWPs of all component carriers in a TAG.
· Based on the largest subcarrier spacing among all of the subcarrier spacings in all active UL BWPs of all component carriers in a TAG.
Time synchronization period between SSBs and ROs
In RAN1#91, it was agreed that 
· For every time period, the first actually transmitted SSB in a SSB burst set is mapped to the first PRACH occasion 
· FFS the time period (note: there is no additional RRC impact)
In RAN1#AH1801, the time period was discussed and the following options were listed for continuous discussion till RAN1#92.
Proposals:
· Alt1: Time period for SSB to RO synchronization is the PRACH configuration period
· Alt2: Time period for SSB to RO synchronization is integer multiple of PRACH configuration period long enough to map all actually transmitted SSBs
· Alt3: Time period for SSB to RO synchronization is the max of the PRACH configuration period and the SSB burst period
· Alt4: Time period for SSB to RO synchronization is the RMSI TTI (80 ms or 160 ms)
· Alt5: Time period for SSB to RO synchronization is the 160 ms

The key point for designing the time period for SSB to RO synchronization is to have a clean mapping pattern between the SSB indexes and the RO indexes in one hand, and avoid wasting configured RO resources in the other. In the design of the time period for SSB to RO synchronization, the impact of following parameters should be taken into account:
· SSB transmission periodicity  and the number of SSBs included in a burst set ;
· RACH occasion periodicity , and the number of RO in the period ;
· The number of SSB-per-rach-occasion, .

Let us assume the time period for SSB and RO synchronization is P. With above definition of the parameters, for each time period P between the SSB to RO synchronization we have:
· the total number of ROs included in the time period P:

· the number of SSBs supported by the total number of ROs 

· the number of SSBs within the time period P that need to be supported

During the design of the SSB and RO synchronization period, we assume all SSBs in the time period P should be assigned with the ROs, which implies


For the simplicity of the discussion, we assume the SSB and RO synchronization period P is an integer multiplication of the periods of RO and the SSB, i.e., then we will have


The above equation shows that the multiplication of the ratio  with the  should not be smaller than the ratio  in order to have enough ROs supporting all SSBs.

For the options discussed in last meeting:
· Alt1: Time period for SSB to RO synchronization is the PRACH configuration period
· Comments: Alt. 1 implies the PRACH configuration period should always be larger than the time period for SSB.  In a real deployment, the RO periodicity should be allowed to be configured to be larger than, equal to, or smaller than the SSB periodicity. The time period for SSB and RO synchronization should not be determined by either RO periodicity or SSB periodicity alone. Thus, Alt.1 may not be a right solution.
· Alt2: Time period for SSB to RO synchronization is integer multiple of PRACH configuration period long enough to map all actually transmitted SSBs
· Comments: This option has considered all actually transmitted SSBs and the PRACH configuration period. However, it is unclear what it means by “long enough to map all actually transmitted SSBs”. For example, assume RO period is 5ms and SSB period is 20ms. Then, The proposal seems saying that the Time period for SSB to RO synchronization is set to 5ms, since 5ms periodicity satisfies  both the conditions: integer multiple of PRACH configuration period  and long enough to map all actually transmitted SSBs. 
· Alt3: Time period for SSB to RO synchronization is the max of the PRACH configuration period and the SSB burst period
· Comments: This option has considered both RACH configuration period and the SSB burst period and thus has the potential to work better than Alt.1. 
· Alt4: Time period for SSB to RO synchronization is the RMSI TTI (80 ms or 160 ms)
· Comments: When the periodicities of PRACH configuration period and the SSB burst period are small, there could be multiple PRACH configuration periods and multiple SSB burst periods within the 80 ms or 160 ms. The mapping patterns between ROs and SSBs may become more complicated due to the cycling of the ROs and SSBs indexes. 
· Alt5: Time period for SSB to RO synchronization is the 160 ms
· Comments: Similar issue as Alt.4.
Based on above discussion, it seems natural to use Alt.3, i.e., defining the maximum of the PRACH configuration period and the SSB burst period as the time period for SSB to RO synchronization.
Proposal 2: The time period for SSB to RO synchronization is the max of the PRACH configuration period and the SSB burst period.
UL grant in RAR
In this section we discuss the UL grant for RACH Msg3. In LTE, UL grant for RACH Msg3 follows the same scheduling method of other UL transmissions with scheduling restrictions to reduce the number of bits. The same principle can be applied for NR. We analyze the potential fields in UL grant for RACH Msg3 in NR as follows.
[bookmark: _Ref503195288]Table 1: UL grant for RACH Msg 3
	Parameter
	LTE
	NR
	Remarks

	Reserved
	 
	1
	0
	 

	Timing Advance
	 
	11
	12
	12 bits confirmed in 38.321

	UL grant
	Hopping flag
	1
	1
	It was agreed to support a frequency hopping flag for Msg3 and that contiguous RA (Type1) is used for fallback DCI. Here we assume that RA Type1 is also used for Msg3 regardless of DFT-s-OFDM or CP-OFDM waveform.

	
	Frequency domain RA
	10
	10
	For LTE, contiguous RB allocation is used with DFT-s-OFDM and the actual number of RBs is restricted by the size of this field and also whether 1 or 2 bits are reserved for hopping information. For NR we can have a maximum of 275 PRBs but maybe limiting to 10 bits is still okay. 

	
	Time domain RA
	1
	2 or 3
	In LTE this field was called UL delay and was used to either transmit the PUSCH in the first available UL subframe at least 6 subframes after the RAR or delay to the next available UL subframe and is an example of limited timing flexibility. For DCI-based scheduling in NR, it was agreed to support a 4 bit timing field consisting of at least the slot index, start symbol and duration. If UL grant is limited to 20 bits, some enhanced flexibility, but less than DCI-based scheduling can be obtained with 2 bits. If TPC command field can be reduced to 2 bits, the time domain RA field can be increased to 3 bits. The same field size can be defined for DCI format 0_0 transmitted in a common search space.

	
	Truncated MCS
	4
	4
	Seems reasonable to also restrict the MCS as in LTE to no higher than 16QAM 

	
	TPC command
	3
	2 or 3
	The TPC command field is either 3 bits as in LTE or reduced to 2 bits as in DCI format 0_0.

	
	CSI request
	1
	0
	For LTE, this field is only used for non-contention based random access procedure. The same can apply in NR but in NR CSI request field in UL DCI depends on the CSI triggering configuration and can be 0 - 6 bits. One possibility is to disallow A-CSI triggering by RAR. Otherwise we need to increase the number of octets of the MAC PDU or reduce some other field to get e.g. a 1-bit CSI request field.

	Temporary C-RNTI
	 
	16
	16
	 

	Total
	 
	48
	48
	 



Proposal 3: UL grant for RACH Msg 3 in Table 1 is adopted in NR.

Conclusion

Proposal 1: NR should support one of the following two methods for determination of granularity of the TA command for each TAG in the following.
· Based on the largest subcarrier spacing among all of the subcarrier spacings in all configured UL BWPs of all component carriers in a TAG.
· Based on the largest subcarrier spacing among all of the subcarrier spacings in all active UL BWPs of all component carriers in a TAG.
Proposal 2: The time period for SSB to RO synchronization is defined as the max of the PRACH configuration period and the SSB burst period.
Proposal 3: UL grant for RACH Msg 3 in Table 1 is adopted in NR.
Table 1: UL grant for RACH Msg 3
	Parameter
	LTE
	NR
	Remarks

	Reserved
	 
	1
	0
	 

	Timing Advance
	 
	11
	12
	12 bits confirmed in 38.321

	UL grant
	Hopping flag
	1
	1
	It was agreed to support a frequency hopping flag for Msg3 and that contiguous RA (Type1) is used for fallback DCI. Here we assume that RA Type1 is also used for Msg3 regardless of DFT-s-OFDM or CP-OFDM waveform.

	
	Frequency domain RA
	10
	10
	For LTE, contiguous RB allocation is used with DFT-s-OFDM and the actual number of RBs is restricted by the size of this field and also whether 1 or 2 bits are reserved for hopping information. For NR we can have a maximum of 275 PRBs but maybe limiting to 10 bits is still okay. 

	
	Time domain RA
	1
	2 or 3
	In LTE this field was called UL delay and was used to either transmit the PUSCH in the first available UL subframe at least 6 subframes after the RAR or delay to the next available UL subframe and is an example of limited timing flexibility. For DCI-based scheduling in NR, it was agreed to support a 4 bit timing field consisting of at least the slot index, start symbol and duration. If UL grant is limited to 20 bits, some enhanced flexibility, but less than DCI-based scheduling can be obtained with 2 bits. If TPC command field can be reduced to 2 bits, the time domain RA field can be increased to 3 bits. The same field size can be defined for DCI format 0_0 transmitted in a common search space.

	
	Truncated MCS
	4
	4
	Seems reasonable to also restrict the MCS as in LTE to no higher than 16QAM 

	
	TPC command
	3
	2 or 3
	The TPC command field is either 3 bits as in LTE or reduced to 2 bits as in DCI format 0_0.

	
	CSI request
	1
	0
	For LTE, this field is only used for non-contention based random access procedure. The same can apply in NR but in NR CSI request field in UL DCI depends on the CSI triggering configuration and can be 0 - 6 bits. One possibility is to disallow A-CSI triggering by RAR. Otherwise we need to increase the number of octets of the MAC PDU or reduce some other field to get e.g. a 1-bit CSI request field.

	Temporary C-RNTI
	 
	16
	16
	 

	Total
	 
	48
	48
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