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Introduction
The following agreements were made for NR 4-step RA procedure in RAN1:
	RAN1#90bis
R1-1719025	Summary of Remaining Details on RACH Procedure	Qualcomm Inc.
Agreements:
· Let X be the number of PRACH transmission occasions in the RACH configuration period which are associated (by the SSB to RACH resource association rule) with the actually transmitted SS blocks in the SS burst set period.
· X can be greater than, equal to or smaller than the number of actually transmitted SS blocks in the SS burst set
Agreements:
· For contention-based random procedure, after the UE selects one PRACH transmission occasion for Msg1 transmission, the UE is not allowed to select another one before the expiration of RAR window for the same Msg 1 transmission in Rel-15
Agreements:
· NR supports both slot based PDCCH, PDSCH and PUSCH, and non-slot based PDSCH/PUSCH transmissions for Msg2/Msg3/Msg4 transmission
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol durations for the PDSCH/PUSCH is supported
· FFS the handling of PDCCH for non-slot based transmissions
· FFS Time gap during RACH procedure applied to non-slot based transmissions
· Note: Whether to support simultaneous uplink transmission of slot and non-slot based transmission from UE’s perspective will be finalized in the control channel session

Agreements:
· Bit field length of RAPID is fixed in the spec.
· (working assumption) Bit field length of RAPID is 6 bits.
· RAN1 is discussing if 8 bits should be considered for bit field length of RAPID
· FFS the impact of SUL
· FFS: How RACH occasion is conveyed to UE
· LS to send to RAN2 – Nazmul (R1-1719036), which is endorsed and approved in R1-1719214

Agreements:
· Maximum size of TA command for RAR is 12 (as a working assumption) bits.

Discuss further offline how to rely the LS regarding TA granularity – Nazmul (QC)

R1-1719160	Summary of Remaining Details on RACH Procedure	Qualcomm Inc.
Agreements:
· Assuming N preamble indices are available in one RACH transmission occasion:
· If only one SSB is mapped to only one RACH transmission occasion, each RACH transmission occasion has preamble index 0 to N-1
· FFS other cases
Agreements:
· If many SSBs are mapped to one RACH transmission occasion, NR supports at least a mapping from different SSBs to non-overlapping subsets of RACH preamble indices within one RACH transmission occasion.
· FFS: Mapping to overlapping subsets

Agreements:
· UE may assume that the DMRS of PDCCH and the DMRS of PDSCH conveying Msg2 are QCL'ed with the SS block that the UE selected for RACH association and transmission 
· UE may assume that the DMRS of PDCCH conveying Msg3 retransmission grant is QCLed with the SS block that the UE selected for RACH association and transmission
Agreements:
· If there is no beam reporting in RACH message 3, UE may assume that the DMRS of PDCCH and the DMRS of PDSCH conveying Msg4 are QCL’ed with the SS block that the UE selected for RACH association and transmission
· FFS: Whether to support beam reporting in Msg3
· FFS: If and how beam reporting in RACH message 3 impacts message 4 Tx QCL assumption
Agreements:
· NR supports asynchronous adaptive HARQ retransmissions for RACH message 3.


Agreements:
· HARQ process ID for Msg3 PUSCH retransmission is fixed in the spec.
· HARQ process ID for Msg3 PUSCH retransmission is fixed as 0 index.
Agreements:
· SCS of Msg1 of PDCCH triggered CFRA is same as the SCS of Msg1 of contention based random access

R1-1719197	Summary of Remaining Details on RACH Procedure	Qualcomm Inc.
Agreements:
· NR supports gNB configuring the number of preambles for actually transmitted SS blocks.
· FFS: Same value for all SS blocks or different value for different SS blocks
· FFS: The range of the number of preambles – email discussion/approval till 11/27 – Nazmul (Qualcomm)
Agreements:
· For ZC type RACH preamble sequence, if only one SSB is mapped to only one RACH transmission occasion,
· RACH preamble indices are in order of:
· Increasing cyclic shifts of a root index and then
· Increasing logical root index
Proposals:
· NR down-selects from following options:
· Alt 1: Preamble indices for CBRA and CFRA for one SSB are mapped consecutively in one RACH transmission occasion.
· Alt 2: Preamble indices for CBRA and CFRA for one SSB are not mapped consecutively in one RACH transmission occasion
· Email discussion/approval (at least target potential RRC impact related approval) till 10/27 – Nazmul (Qualcomm)

Agreements:
· NR supports RACH configuration in RMSI containing 1 bit to convey SCS of Msg3
· In sub-6 GHz, subcarrier spacing of Msg3 can be either 15 or 30 kHz 
· In over-6 GHz, subcarrier spacing of Msg3 can be either 60 or 120 kHz
Agreements:
· (Working assumption) For the timing advance in RAR, its granularity depends on:
· Subcarrier spacing of the first uplink transmission after RAR
· Supported by: Ericsson, CATT, Mediatek, ZTE, Sanechips, Huawei, Hisilicon, Qualcomm, LGE, Docomo

Table 3. Granularity of [12] bits TA command
	Subcarrier Spacing (kHz) of the first uplink transmission after RAR
	Unit 

	15
	16*64 Ts

	30
	8*64 Ts

	60
	4*64 Ts

	120
	2*64 Ts



Note:  seconds.

Agreements:
1. Maximum size of TA command for MAC-CE is 6 (as a working assumption) bits.
1. For the timing advance in MAC-CE, its granularity depends on: 
a.     Subcarrier spacing of the UL BWP in the TAG that the TA in MAC-CE applies to, if there is only one configured UL BWP in the TAG, as shown in Table 1.
b.     Following alternatives for multiple configured UL BWPs in a the TAG:
            i.     Alt 1: Maximum Subcarrier spacing of all semi-statically configured UL within the TAG, e.g., UL BWP, SUL, CC
            ii. Alt 2: Maximum SCS of all activated UL BWPs within the TAG
            iii. Alt 3: TA command or additional field in MAC-CE explicitly indicates the TA granularity used 
            iv. Other alternatives are not precluded.

Table I. Granularity of 6 bits TA command for the case of single UL BWP
	Subcarrier Spacing (kHz) of current UL BWP
	Unit 

	15
	16*64 Ts

	30
	8*64 Ts

	60
	4*64 Ts

	120
	2*64 Ts



Note: Ts = 1/(64*30.72*106) seconds.






	RAN1#NR_AH_03
Agreements:
· At least for initial access, 
· The PDSCH for RAR is confined within NR UE minimum DL BW for a given frequency band
· The PDSCH for Msg4 is confined within NR UE minimum DL BW for a given frequency band. 
· FFS: If PDSCH for RAR and Msg4 are confined within initial active DL BWP.
· Send an LS to RAN4 informing tone spacing and bandwidth of different RACH preamble formats 
· Check if these RACH preamble formats are confined within UE’s minimum UL BW 
· Assigned to Dhiraj (Samsung) – R1-1716805, approved in R1-1716814 with the following updates
· The minimum uplink bandwidth needed for supporting this PRACH preamble format is 1.25MHz for 1.25kHz SCS and 5 MHz for 5kHz SCS.
· Update the action to: RAN1 would like to ask RAN4 to take the above information into account in their future work, and to inform RAN1 if there are concerns over the above information.

Agreements:
· At least for initial access, the association between SS blocks and RACH preamble indices and/or RACH resources is based on the actually transmitted SS blocks indicated in RMSI

Agreements:
· For RAR, X can be supported for the timing gap between the end of MSg1 transmission and the starting position of the CORESET for RAR
· Value of X = ceiling(/(symbol duration))*symbol duration, where the symbol duration is based on the RAR numerology
· Where  is to accommodate sufficient time for UE Tx-Rx switching if needed (e.g., for TDD)
· Note: UE Tx-Rx switching latency is up to RAN4

Agreements:
· RMSI indicates only a single transmit power for SS blocks in Rel-15
· For initial access, threshold for SS block selection for RACH resource association is configurable by network, where the threshold is based on RSRP
· FFS details, including ping-pong effect handling 

Agreements:
· NR supports at least slot based transmission of Msg2, Msg3 and Msg4
· Check if slot based scheduling can satisfy ITU requirement. If not, investigate ways to meet ITU requirement, e.g., non-slot based transmission of Msg2, Msg3 and Msg4

Agreements:
· Msg3 is scheduled by the uplink grant in RAR
· Msg3 is transmitted after a minimum time gap from the end of Msg2 over-the-air reception 
· gNB has the flexibility to schedule the transmission time of Msg3 while ensuring the minimum time gap
· FFS the minimum time gap w.r.t. UE processing capability



In this contribution we discuss remaining details needed to finalize the basic RA functionality in Rel-15.

Discussion of NR 4-step RA Procedure

TA granularity
For TA granularity in RAR, the following working assumption was made in RAN1#90bis.
· (Working assumption) For the timing advance in RAR, its granularity depends on:
· Subcarrier spacing of the first uplink transmission after RAR
Table 1. Granularity of [12] bits TA command
	Subcarrier Spacing (kHz) of the first uplink transmission after RAR
	Unit

	15
	16*64 Ts

	30
	8*64 Ts

	60
	4*64 Ts

	120
	2*64 Ts


Note:  seconds.
Unlike LTE, NR supports different numerologies for the transmission of PUSCH/PUCCH under different scenarios. Different numerologies may have the impact on the selection of the TA granularity. Based on the consideration that the main purpose of the TA is to make the uplink timing adjustment to make the received uplink PUSCH/PUCCH signals within the CP window, the working assumption in Table 1 scales the granularity of the TA command in RAR based on the numerologies of the PUSCH/PUCCH transmitted right after the RAR. Therefore, above working assumption should be confirmed.
Proposal 1: Confirm the following working assumption:
· (Working assumption) For the timing advance in RAR, its granularity depends on:
· Subcarrier spacing of the first uplink transmission after RAR
Table 1. Granularity of [12] bits TA command
	Subcarrier Spacing (kHz) of the first uplink transmission after RAR
	Unit

	15
	16*64 Ts

	30
	8*64 Ts

	60
	4*64 Ts

	120
	2*64 Ts


Note:  seconds.
For TA command for MAC-CE, it was agreed that the maximum size of TA command for MAC-CE is 6 (WA), and its granularity depends subcarrier spacing of the UL BWP in there is only one configured UL BWP in the TAG, as shown in Table 1. With 6 bits, the maximum timing adjustment exceeds the length of the extended CP with the granularity shown in Table 1 for all UL SCS. Thus, 6 bits should be enough for TA command for MAC-CE.

Proposal 2: Confirm the working assumption that the size of TA command for MAC-CE is 6 bits.
For the cases where multiple configured UL BWPs 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.

Next, we discuss TA granularity in multiple BWP.
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. 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 spacings 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 3: 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, as shown in the Table 2.
· Based on the largest subcarrier spacing among all of the subcarrier spacings in all active UL BWPs of all component carriers in a TAG, as shown in the Table 2.
Table 2 Granularity of 6 bits TA command for the case of multiple UL BWPs in a TAG
	Maximum Subcarrier Spacing (kHz) in the TAG
	Unit 

	15
	16*64 Ts

	30
	8*64 Ts

	60
	4*64 Ts

	120
	2*64 Ts



Note: Ts = 1/(64*30.72*106) seconds.

RA-RNTI

In LTE, after sending PRACH preamble, the UE monitors for a PDCCH scheduling an RAR, where the CRC of the DCI is scrambled by an RA-RNTI. The RA-RNTI is a function of the first subframe index (t_id) containing the PRACH and the PRACH frequency subband (f_id). For LTE non-BL/CE UEs, the RA-RNTI is given by
RA-RNTI= 1 + t_id + 10*f_id                                                                 (1)
Although the value of RA-RNTI is not transmitted over the air, both UE and network know the RA-RNTI because RA-RNTI is uniquely determined by the time-frequency resource used by the transmission of a PRACH preamble. 
In NR the same design principle can be reused, i.e., the RA-RNTI is determined by the time-frequency resource of a used by the transmission of a PRACH preamble. In addition, as long as there is a one-to-one association between an SS block index and the PRACH time-frequency resource defined in RA configuration, the network will know the associated SS block (or DL Tx beam) when it receives PRACH preamble. There is, thus, no need to include SS block index in the calculation of the RA-RNTI.
NR long sequence (L = 839) based preamble format
For NR long sequence based preamble format, the preamble duration is subframe based as LTE. Thus, the configuration of PRACH time resource is also subframe based. RA-RNTI in equation (1) in LTE can be reused.
NR short sequence (L = 139) based preamble format
For NR long sequence based preamble format, the preamble duration is OFDM symbol based, and thus the configuration of PRACH time resource is no longer subframe based. RA-RNTI in equation (1) in LTE cannot be reused. RA-RNTI needs to be determined based on the consideration of the time location of the PRACH preamble in a slot. Three options to calculate the RA-RNTI are given in the following.
· Option 1: Based on the absolute symbol index of the start OFDM symbol of the PRACH preamble in a slot.

RA-RNTI = 1 + start_symbol_index_in_slot + slot_id * N_symbol_per_slot + 10*  * N_symbol_per_slot * f_id                                                                                                                                     (2)
where,
start_symbol_index_in_slot is the start OFDM symbol index within a slot, e.g., 0~13;
slot_id is the index of slot in a symstem frame;
N_symbol_per_slot is the number of OFDM symbols in a slot;





 is the number of slots in a subframe,  = 1, for SCS = 15KHz and short PRACH preamble format;  = 2, for SCS = 30KHz and short PRACH preamble format;  = 4, for SCS = 60KHz and short PRACH preamble format;  = 8, for SCS = 120KHz and short PRACH preamble format;
f_id is the index of PRACH frequency subband.
· Option 2: Based on the sequence index of the start OFDM symbol of the PRACH preamble in a slot.

RA-RNTI = 1 + sequence_id_per_slot * N_OS + slot_id * N_symbol_per_slot + 10*  * N_symbol_per_slot * f_id,                                                                                                                                     (3)
where sequence_id_per_slot is the index of sequence in a slot, N_OS is the number of OFDM symbol per sequence, other parameters are the same as those in (2).
· Option 3: Based on the pramble sequence index of the PRACH preamble in a slot.

RA-RNTI = 1 + sequence_id_per_slot + slot_id * N_sequence_per_slot + 10*  * N_symbol_per_slot * f_id                                                                                                                                                                         (4)
where sequence_id_per_slot is the index of sequence in a slot, N_OS is the number of OFDM symbol per sequence, N_sequence_per_slot is the total number of sequence in a slot, other parameters are the same as those in (2).
Option 1 and Option 2 are called “OFDM symbol level based” method. Option 1 uses absolute OFDM symbol index in a slot, while option 2 uses relative OFDM symbol index in a slot. Therefore, option1 and option 2 are equivalent, and both can be applied to all formats. Option 3 is called “preamble sequence level based” method, which means that it must be calculated for different formats.
Proposal 4: For NR long sequence (L = 839) based preamble format, RA-RNTI in equation (1) can be reused (as LTE).
RA-RNTI= 1 + t_id + 10*f_id                                                                 (1)
Proposal 5: For NR short sequence (L = 139) based preamble format, RA-RNTI in either equation (2) or (3) should be used.

RA-RNTI = 1 + start_symbol_index_in_slot + slot_id * N_symbol_per_slot + 10*  * N_symbol_per_slot * f_id                                                                                                                                     (2)

RA-RNTI = 1 + sequence_id_per_slot * N_OS + slot_id * N_symbol_per_slot + 10*  * N_symbol_per_slot * f_id                                                                                                                                     (3)
where,
start_symbol_index_in_slot is the start OFDM symbol index within a slot, e.g., 0~13;
slot_id is the index of slot in a system frame;
N_symbol_per_slot is the number of OFDM symbols in a slot;





 is the number of slots in a subframe,  = 1, for SCS = 15KHz and short PRACH preamble format;  = 2, for SCS = 30KHz and short PRACH preamble format;  = 4, for SCS = 60KHz and short PRACH preamble format;  = 8, for SCS = 120KHz and short PRACH preamble format;
f_id is the index of PRACH frequency subband;
sequence_id_per_slot is the index of sequence in a slot, N_OS is the number of OFDM symbol per sequence.
Association between CSI-RS and a subset RA preambles for contention based RA
In RAN1#NR_AH02, the agreements were made that at least for handover case, a source cell can indicate in the handover command the association between RACH resources and CSI-RS configuration. For UE in CONNECTED mode, a UE can be configured with CSI-RS resources for L3 mobility. The UE will conduct CSI-RS RSRP measurements on the configured CSI-RS resources to support contention based RA procedure, where the UE may not send UE measurement report on CSI-RS RSRP measurement back to the gNB. In this case, the gNB may not know whether the UE transmits the PRACH transmission based on which of the configured CSI-RS resource if multiple CSI-RS resources are configured for the UE. The information will help the gNB to select the proper DL Tx beam for Msg 2. Therefore, it will be beneficial to configure the association between CSI-RS for L3 mobility and a subset of preamble indices. 
Proposal 6: For contention based RA based on CSI-RS measurement, NR should support the configuration of an association between CSI-RS for L3 mobility and a subset of preamble indices.

SS Block Index Reporting through RACH Procedure
In RAN1#90, the following agreements were made:
Agreements:
· NR studies reporting of SS block index, e.g., strongest SS block index, through Msg3 of contention based random access
· NR studies reporting of multiple SS block indices through Msg1 of contention free random access procedure
e.g. network can assign multiple RACH transmission times and RACH preambles to the UE. UE can convey one SS block index by selecting a RACH transmission time and another SS block index implicitly by selecting a RACH preamble.

In R1-17113382, three methods are proposed as follows: 1) For CBRA, Msg3 with the strongest SS block index. 2) For CFRA, gNB send NR-SS/CSI-RS for beam measurement together with RAR. UE send beam report based on CSI-RS / NR-SS in following Msg3. 3) For CFRA during handover through dedicated T/F RACH region, UE can convey additional SS/CSI-RS beam index by different preamble index, e.g., strongest DL SS/CSI-RS beam index, to gNB.

Pros: As agreed in RAN1#90, it is up to UE implementation how to select the SS block and corresponding PRACH resource for path-loss estimation and (re)transmission based on SS blocks that satisfy threshold. In this case, UE’s selected gNB beam during Msg1 resource selection may have lower beamforming gain and it may not help gNB to find the appropriate directions for CSI-RS transmission. Therefore, additional SS block index (beam) reporting during random access procedure can help network to find appropriate directions to transmit CSI-RS.

Cons: The time duration from Msg1 and Msg3 is in general very short. Depending on the SS block set period, UE may not even have the time to measure another SS block set. The performance of the proposed methods cannot be guaranteed since the UE should select the right beam with long term measurement instead of a single or very short period RS carried in RAR. 
Therefore, we don’t think it will work since the UE should select the right beam with long term measurement instead of a single or very short period RS carried in RAR. NR should not support SS block index reporting through RACH procedure.

Proposal 7: NR should not support SS block index reporting through RACH procedure.

Threshold for SS block selection for RACH resource association
In this section, we discuss threshold for SS block selection for RACH resource association to handle ping-pong effect.
When a UE is in the middle of different beams, at different measuring time instance, multiple SSBs with RSRP values above the configured threshold may be detected.
In this case, if the UE does not perform the SSB beam sweeping in the same order, it is possible that the new SSB beam quality satisfies the threshold and the beam quality of the last used SSB with measured RSRP > the threshold, but the UE selects the new SSB to build the relationship with PRACH resources, which results in the ping-pong effect.  Even if the same order is used for each sweeping, the ping-pong effect may still happen. For example, there are two SSBs with RSRPs near the thresholds. Both SSBs may take turns with measured RSRP > threshold during each sweeping.
In Figure 4, we assume that a system consists of four SSBs (L = 4). The first search order for UE is SSB1, SSB2, SSB3, and SSB4. For the first time, if we find that SSB1 satisfies the threshold, i.e., Q (SSB1) > Thesh, we can use SSB1 to establish the corresponding relation between SSB1 and time-frequency resource, and select the PRACH time-frequency resource corresponding to PRACH. The second search order for UE is SSB3, SSB4, SSB1, and SSB2. At this time, if SSB3 is found to satisfy the threshold, i.e., Q (SSB3)> Thesh, corresponding relationship between SSB3 and PRACH time-frequency resources is established. The UE chooses the PRACH time-frequency resource corresponding to SSB3. The ping-pong effect will increase the implementation of base station and the complexity of UE (E.g., the PRACH time-frequency resource used by the UE to switch back and forth).


Figure 4. Illustration of different SSB sweeping order at UE
The following approach can be used to deal with the ping-pong effect.
First, even if the new beam corresponding to the current SSB can satisfy the threshold, UE still needs to detect the original beam corresponding to the original SSB.
Second, define time interval T, RSRP threshold value Thesh > 0, and offset value Hys > 0. The RSRP threshold value Thesh and the offset value Hys are both used for the detection of the new beam corresponding to the current SSB and the original beam corresponding to the original SSB.
During the second and subsequent SSB searches process at UE, the RSRP measurements of the SSB are measured at least N times and averaged over the time interval T, where N is a positive integer greater than or equal to 2. 
UE chooses the new selected SSB (SSB_new) only when both of the following conditions are satisfied. Otherwise, UE keeps the previously selected SSB (SSB_selected).
· RSRP (SSB_selected) < Thesh + Hys
· RSRP (SSB_selected) < RSRP (SSB_new) -  Hys 
Proposal 8: NR should use the following methods to handle ping-pong effect for SS block selection for RACH resource association.
UE chooses the new selected SSB (SSB_new) only when both of the following conditions are satisfied. Otherwise, UE keeps the previously selected SSB (SSB_selected).
· RSRP (SSB_selected) < Thesh + Hys 
· RSRP (SSB_selected) < RSRP (SSB_new) -  Hys 

The number of preambles for actually transmitted SS blocks
The following is the agreements made in the email discussion in [90b-NR-07]:
1. For contention based RACH, support configuring the same number of PRACH preambles for all actually transmitted SS blocks.
 FFS: Same/different number of PRACH preambles for SS blocks in CFRA.
2. Support following values for the configuration of the number of PRACH preambles for CBRA per SSB:
 4 * N (where 1 <= N <= 16)
 FFS: 0, 1, 2, 3, 5, 6, 7, 10, 14, 18, 22, 26, 30, values greater than 64
 FFS: different granularity for different number of PRACH preambles for CBRA and CFRA per SSB
The number of RACH preambles per SSB should be the same as the number of PRACH preambles per RACH occasion unless multiple SSBs are associated with the same RACH occasion whether the separation of RACH preambles among SS blocks are needed in order to distinguish preambles associated with different SS blocks. 
For the configuration of the number of PRACH preambles for CBRA per SSB, 4 * N (where 1 <= N <= 16) are enough, and no other values are needed.
Note: It seems more consideration is needed for the support of CFRA for beam failure recovery request. Different from other CFRA, BFRQ CFRA is initiated from the UE and the dedicated preamble needs to be allocated to the UE before the beam failure takes place, regardless whether it is actually used. At this moment, it is unclear to us on how many preambles need to be pre-reserved for the support of BFRQ CFRA.
Proposal 9: The number of RACH preambles per SSB should be the same as the number of PRACH preambles per RACH occasion unless multiple SSBs are associated with the same RACH occasion whether the separation of RACH preambles among SS blocks are needed in order to distinguish preambles associated with different SS blocks.

Conclusion
This contribution discusses several open issues for the NR 4-step RA procedure. The proposals are as follows:
Proposal 1:  Confirm the following working assumption:
· (Working assumption) For the timing advance in RAR, its granularity depends on:
· Subcarrier spacing of the first uplink transmission after RAR
Table 1. Granularity of [12] bits TA command
	Subcarrier Spacing (kHz) of the first uplink transmission after RAR
	Unit

	15
	16*64 Ts

	30
	8*64 Ts

	60
	4*64 Ts

	120
	2*64 Ts


Note:  seconds.
Proposal 2:  Confirm the working assumption that the size of TA command for MAC-CE is 6 bits.
Proposal 3: NR should support one of the following two methods for determination of granularity of the TA command for each TAG in the following.
· Method 1: Based on the largest subcarrier spacing among all of the subcarrier spacings in all configured UL BWPs of all component carriers in a TAG, as shown in the Table 2.
· Method 2: Based on the largest subcarrier spacing among all of the subcarrier spacings in all active UL BWPs of all component carriers in a TAG, as shown in the Table 2.
Table 2 Granularity of 6 bits TA command for the case of multiple UL BWPs in a TAG
	Maximum Subcarrier Spacing (kHz) in the TAG
	Unit 

	15
	16*64 Ts

	30
	8*64 Ts

	60
	4*64 Ts

	120
	2*64 Ts



Note: Ts = 1/(64*30.72*106) seconds.

Proposal 4: For NR long sequence (L = 839) based preamble format, RA-RNTI in equation (1) can be reused (as LTE).
RA-RNTI= 1 + t_id + 10*f_id                                                                 (1)
Proposal 5: For NR short sequence (L = 139) based preamble format, RA-RNTI in either equation (2) or (3) should be used.

RA-RNTI = 1 + start_symbol_index_in_slot + slot_id * N_symbol_per_slot + 10*  * N_symbol_per_slot * f_id                                                                                                                                     (2)

RA-RNTI = 1 + sequence_id_per_slot * N_OS + slot_id * N_symbol_per_slot + 10*  * N_symbol_per_slot * f_id                                                                                                                                     (3)
where,
start_symbol_index_in_slot is the start OFDM symbol index within a slot, e.g., 0~13;
slot_id is the index of slot in a system frame;
N_symbol_per_slot is the number of OFDM symbols in a slot;





 is the number of slots in a subframe,  = 1, for SCS = 15KHz and short PRACH preamble format;  = 2, for SCS = 30KHz and short PRACH preamble format;  = 4, for SCS = 60KHz and short PRACH preamble format;  = 8, for SCS = 120KHz and short PRACH preamble format;
f_id is the index of PRACH frequency subband;
sequence_id_per_slot is the index of sequence in a slot, N_OS is the number of OFDM symbol per sequence.
Proposal 6: For contention based RA based on CSI-RS measurement, NR should support the configuration of an association between CSI-RS for L3 mobility and a subset of preamble indices.
Proposal 7: NR should not support SS block index reporting through RACH procedure.
Proposal 8: NR should use the following methods to handle ping-pong effect for SS block selection for RACH resource association.
UE chooses the new selected SSB (SSB_new) only when both of the following conditions are satisfied. Otherwise, UE keeps the previously selected SSB (SSB_selected).
· RSRP (SSB_selected) < Thesh + Hys 
· RSRP (SSB_selected) < RSRP (SSB_new) -  Hys 
Proposal 9: The number of RACH preambles per SSB should be the same as the number of PRACH preambles per RACH occasion unless multiple SSBs are associated with the same RACH occasion whether the separation of RACH preambles among SS blocks are needed in order to distinguish preambles associated with different SS blocks.
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