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Introduction
The following agreements were made for NR 4-step RA procedure in RAN1:
	RAN1#90

Agreements:
· At least for initial access, RAR is carried in NR-PDSCH scheduled by NR-PDCCH in CORESET configured in RACH configuration
· Note: CORESET configured in RACH configuration can be same or different from CORESET configured in NR-PBCH
· For single Msg1 RACH, the RAR window starts from the first available CORESET after a fixed duration from the end of Msg1 transmission
· The fixed duration is X T_s
· X is the same for all RACH occasions
· FFS: whether CORESET starting position is aligned with slot boundary
· FFS: the value of X
· FFS: whether X is frequency range dependent
· For a single Msg1 RACH from UE,
· The size of a RAR window is the same for all RACH occasions and is configured in RMSI
· RAR window could accommodate processing time at gNB. 
· Maximum window size depends on worst case gNB delay after Msg1 reception including processing delay, scheduling delay, etc
· Minimum  window size depends on duration of Msg2 or CORESET and scheduling delay
· FFS: multiple Msg1 RACH case if supported

Agreements:
· For initial access, either long sequence based preamble or short sequence based preamble is configured in a RACH configuration
Agreements:
· For contention-based NR 4-step RA procedure
· SCS for Msg 1 
· configured in the RACH configuration
· SCS for Msg 2
· the same as the numerology of RMSI
· SCS for Msg 3
· configured in the RACH configuration separately from SCS for Msg1
· SCS for Msg 4
· the same as in Msg.2
· For contention-free RA procedure for handover, the SCS for Msg1 and the SCS for Msg2 are provided in the handover command
· 
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



	RAN1#NR_AH_02

Agreement:
· All random access configuration information is broadcasted in all beams used for RMSI within a cell
· i.e, RMSI information is common for all beams
Agreements:
· At least for handover case, a source cell can indicate in the handover command, 
· Association between RACH resources and CSI-RS configuration(s)
· Association between RACH resources and SS blocks
· A set of dedicated RACH resources (FFS: time/frequency/sequence)
· Note that above CSI-RS configuration is UE-specifically configured
Agreements:
· For contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.
· Note: The time resource used for ‘dedicated RACH in time domain’ is different from the time resources of contention based random access
· Note: Multiple Msg1 can be transmitted with same or different UE TX beams 
Agreements:
· For contention-based random access, an association between an SS block in the SS burst set and a subset of RACH resources and/or preamble indices is configured by a set of parameters in RMSI.
· RAN1 strives to use the same set of parameters for different cases, e.g. analog/hybrid/digital beamforming at gNB, level of gNB beam correspondence, number of SS blocks, number of frequency multiplexed PRACH resources, PRACH resource density in time etc.
· RAN1 strives to minimize the set of parameters.
· FFS the set of parameters
· FFS the number of SS blocks (if indicated in RMSI or MIB), e.g. the actually transmitted SS blocks or the maximum number (L).



	RAN1#NR_89

Agreements:
· Random access (RA) configuration is included in remaining minimum SI.
· Continue discussion on
· Whether all RA configuration information is transmitted in all beams used for RMSI within a cell or not
· Whether NW is mandated to use the same set of beams for RMSI and SS block or not
· Whether SS block and RMSI are spatial QCLed or not




	RAN1#NR_88bis

Agreements:
· Waveform for RACH message 3 can be DFT-S-OFDM or CP-OFDM. Network signals directly or indirectly RACH message 3 waveform to UE:
· The network signals the waveform for RACH message 3 in the remaining minimum SI as one bit
Agreements:
· Down-select one of SCS options for the remaining minimum system information transmission
· Option 1: PBCH signals the SCS of the remaining minimum system information 
· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the remaining minimum system information
· FFS whether the SCS refers to the control and/or data channel for remaining minimum system information
· Note: RAN2 has decided to go with option 2	
· Down-select one of SCS options for PRACH msg. 3 transmission 
· Option 1: RACH configuration (possibly within PBCH or the remaining minimum system information) provides the SCS of the PRACH msg. 3
· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the PRACH msg. 3
· Option 3: RAR can indicate the SCS of the PRACH msg. 3 transmission 
FFS the determination of the SCS for msg 1, 2, and 4




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

Discussion of NR 4-step RA Procedure
For 4-step RACH procedure, a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular Tx beam. In NR a preamble format may consist of one or multiple RA preamble sequences as shown in Figure 1. If there is no analog beam correspondence at the receiver side, the TRP may sweep its analog RX beams across the N symbols of each preamble contained in the preamble format. 


[bookmark: _Ref473499765]Figure 1. PRACH occasion for a multi-preamble format and the associated RAR window

The size of RAR fields
In RAN2 LS on RACH agreements in NR (R1-1715353/R2-1709800), the following questions are posted: 

Q1: What is the size of the RAPID field (Random Access Preamble Identifier)?
Q2: What is the size of the Uplink grant field?
Q3: What is the size of the Timing advance command (field TA above)?
Q4: What is RAN1's preferred size of the Temporary C-RNTI?
Q5: Does the Uplink grant in the RAR contain a HARQ process ID?
Q6: Has RAN1 agreed to add any additional fields?

In this following, we discuss the responses to above questions. 

1) The size of the RAPID field

In LTE, the size of the RAPID is 6 bits for supporting up to 64 preamble signatures for a cell.  For NR, it was agreed that NR RACH capacity shall be at least as large as in LTE. Thus, it is reasonable for NR to have at least 6 bits for the RAPID. In addition, RAN1 is currently considering NR PRACH capacity enhancement, e.g., different sequences are used for multiple RACH sequences in a PRACH preamble, which could lead to an increase in size of the RAPID if PRACH capacity enhancement is agreed.

Proposed Response: The size of the RAPID is at least [6] bits. Note: RAN1 is currently considering NR PRACH capacity enhancement and would update RAN2 if this leads to an increase in size of the RAPID.

2) The size of the Uplink grant field

In LTE the UL grant is 20 bits (less for some BL/CE UEs). RAN1 is still discussing resource allocation in Scheduling/HARQ aspects session, so it is too early to put hard values on some of the fields (see more details in our companion paper [8].

Proposed Response: RAN1 is still discussing resource allocation in general, so it is FFS for the size of the uplink grant field.

3) The size of the Timing advance command

In LTE, the timing advance command contained within the RAR has 11 bits with the granularity of 16 Ts (0.52 μs). It has the time range from 0 to 1.066 ms, corresponding to a cell radius up to 160 km, which is larger than the maximum cell radius of about 100km supported by the PRACH formats. The granularity of 0.52 μs is selected with the consideration of the PUSCH/PUCCH CP length, the uplink timing offset estimation accuracy of the PRACH preamble in the base station, etc. 

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, we propose to scale the granularity of the TA command based on the numerologies of the PUSCH/PUCCH transmitted right after the RAR. The following table shows the supported maximum cell radius with the scaling of the TA granularity based on the subcarrier spacing of the PUSCH/PUCCH that is transmitted following the reception of the RAR.

Table 1. Maximum cell radius supported by 11 bits TA command
	PUSCH/PUCCH 
Subcarrier Spacing (kHz)
	Unit


	Supported Maximum Cell Radius (km)

	15
	16*64 Ts
	160

	30
	8*64 Ts
	80

	60
	4*64 Ts
	40

	120
	2*64 Ts
	20

	240
	1*64 Ts
	10

	480
	1*32 Ts
	5


Note:  second.


Proposed Response: The size of the Timing Advance Command field in RAR is [11] bits. The granularity of the TA depends on the subcarrier spacing of the PUSCH/PUCCH transmitted following the RAR, as shown in the following table:


Table 1. Granularity of 11 bits TA command in RAR

	PUSCH/PUCCH 
Subcarrier Spacing (kHz)
	Unit 

	15
	16*64 Ts

	30
	8*64 Ts

	60
	4*64 Ts

	120
	2*64 Ts

	240
	64 Ts

	480
	32 Ts



Note:  second.


4) The size of the Temporary C-RNTI

In LTE, 16 bits is used as the temporary C-RNTI. In our undersyanding, the network identifiers are determined by RAN2 and the temporary C-RNTI is no different. RAN1 considers [16] bits should be sufficient for the temporary C-RNTI. 

Proposed Response: It is RAN1 understanding that network identifiers are determined by RAN2 and the temporary C-RNTI is no different. RAN1 considers [16] bits should be sufficient for the temporary C-RNTI. 

5) HARQ process ID in the Uplink grant in the RAR

RAN1 has agreed to support adaptive and asynchronous UL HARQ transmissions for RAR.

Proposed Response: Yes. RAN1 has agreed on adaptive and asynchronous UL HARQ transmissions.

6) Additional fields in the RAR

There were proposals to include additional information in the RAR. However, there is so far no consensus on these proposals.  

Proposed Response: No. RAN1 has not agreed so far on the need for any additional fields.

Proposal 1: Based on the discussion, we propose to provide the following responses to RAN2 LS on RACH agreements in NR (R1-1715353 / R2-1709800). 

	Q1: What is the size of the RAPID field (Random Access Preamble Identifier)?

The size of the RAPID is  [6] bits  . 
Note: RAN1 is currently considering NR PRACH capacity enhancement and would update RAN2 if this leads to an increase in size of the RAPID.

Q2: What is the size of the Uplink grant field?

RAN1 is still discussing resource allocation in general, so it is FFS for the size of the uplink grant field.

Q3: What is the size of the Timing advance command (field TA above)?

The size of the Timing Advance Command field in RAR is [11] bits. The granularity of  the TA depends on the subcarrier spacing of the PUSCH/PUCCH transmitted following the RAR, as shown in the following table:


Table 1. Granularity of 11 bits TA command in RAR

	PUSCH/PUCCH 
Subcarrier Spacing (kHz)
	Unit 

	15
	16*64 Ts

	30
	8*64 Ts

	60
	4*64 Ts

	120
	2*64 Ts

	240
	64 Ts

	480
	32 Ts



Note:  seconds.

Q4: What is RAN1's preferred size of the Temporary C-RNTI?

It is RAN1 understanding that network identifiers are determined by RAN2 and the temporary C-RNTI is no different. RAN1 considers [16] bits should be sufficient for the temporary C-RNTI. 

Q5: Does the Uplink grant in the RAR contain a HARQ process ID?

Yes.RAN1 has agreed on adaptive and asynchronous UL HARQ transmissions.

Q6: Has RAN1 agreed to add any additional fields?

No. RAN1 has not agreed so far on the need for any additional fields.




RAR window for Msg1 transmission and RA-RNTI
One outstanding issue is the timing of the RAR window corresponding to a preamble (Msg1) transmission. In LTE, the RAR window starts 2 subframes (2ms) after the subframe containing the end of the preamble. Furthermore, the RAR window length is configurable from 2 to 10 subframes allowing for some flexibility in provisioning gNB resources to handle the computationally intensive RACH processing load. Moreover, the lower subcarrier spacing employed for LTE PRACH could result in different FFT implementations between PUSCH/PUCCH and PRACH. In contrast, NR systems should support advanced receiver circuitry capable of faster data processing on the order of at least 4 times LTE subcarrier spacing, particularly for above 6GHz deployment scenarios. Secondly, one NR proposal is to adopt the same subcarrier spacing for NR-PUSCH/PUCCH/PRACH simplifying the UL receiver circuitry. Finally, URLLC services would require across the board reduction in processing times to meet tighter latency budget requirements.  Therefore, a corresponding reduction in RA processing time is a reasonable expectation for NR, although the reduction may not be linearly scaled with the numerology. 

Proposal 2: NR processing time reduction in comparison to LTE should be applicable to all channels including PUSCH, PUCCH, and PRACH.

In LTE 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 containing the PRACH (t_id) 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)

In NR as long as there is a one-to-one association between a PRACH time-frequency resource and a DL TX beam, the same design principle can be reused. 

NR long sequence (L = 839) based preamble format
For NR long sequence based preamble format, as the preamble duration is subframe based and not OFDM symbol based, RA-RNTI in equation (1) in LTE can be reused.

NR short sequence (L = 139/127) based preamble format

For NR long sequence based preamble format, as the preamble duration is OFDM symbol based, RA-RNTI in equation (1) in LTE cannot be reused. Three options to calculate the RA-RNTI are given in the following.

· Option 1:

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:

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:

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 3: For NR long sequence (L = 839) based preamble format, RA-RNTI in equation (1) in LTE can be reused.
RA-RNTI= 1 + t_id + 10*f_id                                                                 (1)
Proposal 4: For NR short sequence (L = 139/127) based preamble format, RA-RNTI in 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.

Multiple Msg1 transmissions within one or multiple RAR window
The issue of multiple Msg1 transmissions within an RAR window was discussed at the RAN1#NR_AH02 with the agreement that for contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.
The main motivation for multiple Msg1 transmissions is that a UE without DL/UL beam correspondence may need to sweep its UL TX beams to find a UL TX/RX beam pair for a successful RA procedure. The associated latency due to UL beam sweeping may not meet a target latency budget. For example, when handover is initiated a UE may not have UL beam alignment to the target gNB. Allowing a UE transmit multiple preambles without necessarily waiting to receive an RAR after the first such transmission reduces the overall RA latency. This implies that the network configures a burst of RACH occasions, where the burst is linked to the same RAR window. An illustration is shown in Figure 2, where the RACH occasions are not necessarily contiguous. 

[image: ]
[bookmark: _Ref473549836]Figure 2. Configuration of a set of RACH occasions and a single extended RAR window dimensioned to support PRACH processing for Msg1 transmissions across the same set

It should be noted that the network has flexible mechanisms to support all user categories (full, partial or no beam correspondence). Rather than an extended RAR window as shown in Figure 2, an alternative solution is that the network may provision PRACH resources that accomplish the same goal but using independent RA procedures, i.e. preserving the existing linkage between a RACH occasion and RAR window. As shown in Figure 3 a UE initiates multiple independent RA procedures by transmitting Msg1 using different TX beams in each configured RACH occasion. Furthermore, the UE monitors separate and possibly overlapping RAR windows as shown in Figure 3. It is up to UE implementation to independently select which subset of RACH occasions for beam-switched RA procedures. Secondly, as each RA procedure is independent, the preamble transmission counter is initialized for each RA procedure. This re-initialization ensures that a minimum UL power is used for each TX beam minimizing the inter-cell interference. 

[image: ]
[bookmark: _Ref473503075]Figure 3. Configuration of multiple PRACH occasions and corresponding RAR windows to enable UE TX beam sweeping

Observation 1: It should be up to the network to use the approach of transmitting multiple Msg.1 over dedicated multiple RACH transmission occasions before the end of a monitored RAR window. Configuring multiple PRACH occasions and corresponding RAR windows as shown in Figure 3 can also be used to enable UE TX beam sweeping for a UE without beam correspondence. 

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. 

Proposals 5: 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.

Numerology of supporting random access procedure
In NR, a random access procedure may be performed for the following events in Table 2.

Table 2. Events for random access procedure
	Events
	Contention Based
	Contention Free

	Initial access from RRC_IDLE
	Y
	

	RRC Connection Re-establishment procedure
	Y
	

	Handover
	Y
	Y

	DL data arrival during RRC_CONNECTED requiring random access procedure
	Y
	Y

	UL data arrival during RRC_CONNECTED requiring random access procedure
	Y
	

	On-demand SI
	Y
	

	Beam recovery requests
	FFS
	Y




In RAN1#90, the following agreements were made on the numerology for RA procedures.
	Agreements:
· For contention-based NR 4-step RA procedure
· SCS for Msg 1 
· configured in the RACH configuration
· SCS for Msg 2
· the same as the numerology of RMSI
· SCS for Msg 3
· configured in the RACH configuration separately from SCS for Msg1
· SCS for Msg 4
· the same as in Msg.2
· For contention-free RA procedure for handover, the SCS for Msg1 and the SCS for Msg2 are provided in the handover command




In this section, we further discuss the numerology for contention-free RACH event triggered by PDCCH order for DL data arrival or beam recovery requests.

PDCCH order may be used to bring back uplink out-of-sync UE back to in-sync state in case there is downlink data available for the UE. This can happen in situation when the time alignment Timer gets expired because there is no uplink and downlink data transmission for some time and also when there is no time alignment command received from eNB. Time Alignment timer basically controls how long the UE is considered uplink time aligned. As an example, a call flow for contention-free RACH event triggered by PDCCH order is illustrated in Figure 4. 

Upon DL data arrival for a UE, the serving cell allocates a dedicated signature (e.g., the ra-PreambleIndex and the ra-PRACH-MaskIndex) on PRACH to the UE, and sends a PDCCH order with the dedicated signature to the UE to trigger the contention-free RACH procedure. When a UE receives a PDCCH order masked with its C-RNTI, the UE will initiate a Random Access procedure on this Serving Cell with the provided dedicated signature in the PDCCH order. When the serving cell receives the PRACH preamble with the dedicated signature from the UE, the serving cell will send back the RAR with time advance for UL synchronization. 
[image: PRACH CF (PDCCH Order).jpeg]
Figure 4. A call flow for Contention free RA procedure triggered by the PDCCH Order.

For contention-free RACH event triggered by PDCCH order, the UE is still in RRC_CONNECTED status, and should have the information of the RACH configuration of the current serving cell. Therefore, the numerology of Msg.1 should be obtained from the known RACH configuration. 

If the RAR is sent from the current serving cell, we may have the following options:

· Option 1: the same as the SCS of the PDCCH order
· Option 2: configured by the PDCCH order 

The first option can be used as the default configuration, based on the following considerations:
The option does not need any extra bits in PDCCH order  
Since the RACH procedure is triggered by PDCCH order, it is natural to use the same PDCCH channel as PDCCH order for scheduling Msg.2. According to current RAN1 agreement, PDCCH and the corresponding PDSCH use the same SCS. Thus, the SCS for Msg.2 should be the same as the SCS of PDCCH order.

Proposals 6: For contention-free RA procedure trigger by PDCCH order
2. SCS for Msg 1 
1097. Configured in the RACH configuration.
2. SCS for Msg 2
1098. The same as the SCS of the PDCCH order.
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, the 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.

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

Conclusion
This contribution discussed several open issues for the NR 4-step RA procedure. Our proposals are summarized as follows:

· Proposal 1: Based on the discussion, we propose to provide the following responses to RAN2 LS on RACH agreements in NR (R1-1715353 / R2-1709800). 

	Q1: What is the size of the RAPID field (Random Access Preamble Identifier)?

The size of the RAPID is [6] bits.
Note: RAN1 is currently considering NR PRACH capacity enhancement and would update RAN2 if this leads to an increase in size of the RAPID.

Q2: What is the size of the Uplink grant field?

RAN1 is still discussing resource allocation in general, so it is FFS for the size of the uplink grant field.

Q3: What is the size of the Timing advance command (field TA above)?

The size of the Timing Advance Command field in RAR is [11] bits. The granularity of  the TA depends on the subcarrier spacing of the PUSCH transmitted following the RAR, as shown in the following table:

Table 1. Granularity of 11 bits TA command in RAR

	PUSCH/PUCCH 
Subcarrier Spacing (kHz)
	Unit 

	15
	16*64 Ts

	30
	8*64 Ts

	60
	4*64 Ts

	120
	2*64 Ts

	240
	64 Ts

	480
	32 Ts



Note:  second.

Q4: What is RAN1's preferred size of the Temporary C-RNTI?

It is RAN1 understanding that network identifiers are determined by RAN2 and the temporary C-RNTI is no different. RAN1 considers [16] bits should be sufficient for the temporary C-RNTI. 

Q5: Does the Uplink grant in the RAR contain a HARQ process ID?

Yes. RAN1 has agreed on adaptive and asynchronous UL HARQ transmissions.

Q6: Has RAN1 agreed to add any additional fields?

No. RAN1 has not agreed so far on the need for any additional fields.



· Proposal 2: NR processing time reduction in comparison to LTE should be applicable to all channels including PUSCH, PUCCH, and PRACH.

· Proposal 3: For NR long sequence (L = 839) based preamble format, RA-RNTI in equation (1) in LTE can be reused.
RA-RNTI= 1 + t_id + 10*f_id                                                                 (1)


· Proposal 4: For NR short sequence (L = 139/127) based preamble format, RA-RNTI in 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.


· Proposals 5: For contention based RA, the network may need to configure an association between CSI-RS for L3 mobility and a subset of preamble indices.

· Proposals 6: For contention-free RA procedure trigger by PDCCH order
2. SCS for Msg 1 
1099. Configured in the RACH configuration.
2. SCS for Msg 2
1100. The same as the SCS of the PDCCH order.

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