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1	Introduction
In RAN#82 a new work item on “2-step RACH for NR” was agreed [1]. 2-step RACH was previously considered during the release 14 NR SI phase. 2-step RACH has also been considered during the study item phase of NR-based access to unlicensed spectrum [2].

The agreements and working assumptions from previous RAN1 meetings for the 2-step RACH procedures are listed in Appendix A.

In this contribution we discuss the 2-step RACH procedure, considering the following aspects:
· Overview of the 2-step RACH procedure
· MsgB design and HARQ Operation
· Power control including power control during 4-step RACH fallback
· Beam management
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]2	Discussion 
2.1		2-step RACH overview
The 4-step RACH procedure is supported in release 15 NR. Figure 1 shows the basic procedure for 4-step contention-based random access [3]. In 2-step RACH, MsgA combines the preamble signal (Msg1) and the data signal (Msg3), and MsgB combines the random access response (Msg2) and the contention resolution (Msg4). The 2-step RACH procedure is shown in Figure 2. In the 4-step RACH procedure, after the UE successfully receives the contention resolution message and verifies the contention resolution ID it transmits a positive HARQ-ACK feedback to the gNB. If the gNB doesn’t receive the HARQ-ACK feedback for the contention resolution message, it retransmits the contention resolution message until it gets the HARQ-ACK feedback, or it reaches the maximum number of retransmissions. 

[image: 4-Step RA]
[bookmark: _Ref534727500]Figure 1: 4-Step Contention-Based Random Access Procedure [3].



[bookmark: _Ref534728109]Figure 2: 2-Step RACH procedure.

[bookmark: OLE_LINK21][bookmark: OLE_LINK22]2.2		MsgB Design
The MsgB in the 2-step RACH procedure is the combined random access response and contention resolution. According to the WID [1]:
· Specify msgB’s content: to include the equivalent contents of msg2 and msg4 of 4-step RACH (RAN1/RAN2)


[bookmark: _Hlk534894254]2.2.1	TA Command in MsgB
MsgB includes a time advance field. The time advanced field is used to adjust the timing of UL transmissions from the UE following the completion of the 2-step RACH procedure. i.e. the data part of MsgA is not time adjusted. The variation between the earliest possible arrival time of MsgA when the UE is at the foot of the base station and the latest possible arrival time of MsgA when the UE is at the cell edge is equal to the maximum round-trip time at the cell edge. 
There are two aspects of the time advance command that should be considered:
· The TA granularity.
· The maximum value of the TA command.
[bookmark: _Hlk7610910]In RAN1#96bis [5], the granularity of the TA command in MsgB, if supported, was discussed, and that it is based on the subcarrier spacing of a PUSCH transmission according to Table 1. One option is to have the granularity of the TA command based on the subcarrier spacing of the MsgA PUSCH. Another option is to have the subcarrier spacing based on the subcarrier spacing of the active UL bandwidth part or the first UL transmission after MsgB. In RAN1#96bis [5], it was agreed that the “the numerology for msgA PUSCH follow the numerology configured for the UL BWP for msgA transmission” at least when MsgA PUSCH and MsgA PRACH are in different slots. Hence, we would propose that at least for the case when MsgA PRACH and MsgA PUSCH are in different slots, the granularity of the TA is based on the subcarrier spacing of MsgA PUSCH.
Proposal 1: At least for the case when MsgA PRACH and MsgA PUSCH are in different slots the granularity of the TA command in MsgB is based on the subcarrier spacing of MsgA PUSCH according to Table 1.
[bookmark: _Ref184074]Table 1: TA granularity for 2-step RACH.
	Subcarrier Spacing (kHz) of the MsgA PUSCH
	Unit 

	15
	16*64 Tc

	30
	8*64 Tc

	60
	4*64 Tc

	120
	2*64 Tc



2.2.2	DCI design of MsgB
In 4-step RACH, DCI Format 1_0 is used to schedule Msg2 and Msg4. The structure of the DCI depends on the RNTI used to scramble the CRC of the PDCCH used to carry the DCI.
· Msg2 has a CRC scrambled by the RA-RNTI. The structure of the corresponding DCI is shown in Table 2.
· Msg4 has a CRC scrambled by the TC-RNTI. The structure of the corresponding DCI is shown in Table 3.
[bookmark: _Ref20682893][bookmark: _Hlk20721993]Table 2: DCI Format 1_0 structure when CRC is scrambled with RA-RNTI (for Msg2).
	Field
	Size
	Description

	FDRA
	
	Frequency Domain Resource Assignment

	TDRA
	4
	Time Domain Resource Assignment

	V2P
	1
	VRB-to-PRB mapping

	MCS
	5
	Modulation Coding Scheme

	TB
	2
	TB Scaling

	Rev
	16
	Reserved bits



[bookmark: _Ref20682899]Table 3: DCI Format 1_0 structure when CRC is scrambled with TC-RNTI (for Msg4).
	Field
	Size
	Description

	ID
	1
	Identifier for DCI formats

	FDRA
	
	Frequency Domain Resource Assignment

	TDRA
	4
	Time Domain Resource Assignment

	V2P
	1
	VRB-to-PRB mapping

	MCS
	5
	Modulation Coding Scheme

	NDI
	1
	New Data Indicator

	RV
	2
	Redundancy Version

	HARQ
	4
	HARQ process number

	DAI
	2
	Downlink Assignment Index – reserved

	TPC
	2
	TPC command for scheduled PUCCH

	RPI
	3
	PUCCH resource indicator

	P2H
	3
	PDSCH-to-HARQ_feedback timing indicator



There are a few aspects to considered for MsgB DCI:
· As described in section 2.3 and email discussion [98-NR-08], MsgB is designed to support HARQ-ACK feedback, therefore it seems reasonable to select a DCI structure that includes the indication of the PUCCH resource, whether this indication is for one of the UEs or a common reference for any UE included in MsgB
· Furthermore, to support HARQ combining for MsgB, The inclusion of the “new data indicator”, the “HARQ process number” and the “redundancy version” can be used by the gNB to indicate to the UE whether the retransmitted MsgB is a retransmission of the previous MsgB payload, or a different payload to assist in the determination of soft combining at the UE.
Proposal 2: The MsgB is scheduled by a DCI with a structure similar to the structure of the DCI scheduling Msg4.
2.3	HARQ Operation of MsgB
[bookmark: _Hlk534894273]MsgB contains the contention resolution ID and random access response as discussed earlier. The network transmits the contention resolution ID after it successfully decodes MsgA. There are two cases to consider:
1. The 2-step RACH procedure is for a UE in RRC_CONNECTED state. In this case, the UE has a C-RNTI. The UE includes the C-RNTI MAC CE in the MsgA PUSCH part. After receiving the MsgA PUSCH part, the gNB sends a response to MsgA for contention resolution with a PDCCH that is scrambled by the C-RNTI. In this case, the MsgA response is unicast to one UE.
2. The 2-step RACH procedure is for a UE in INACTIVE or IDLE states. In this case, the UE doesn’t have a C-RNTI, instead the UE includes the CCCH SDU in the MsgA PUSCH part, which includes a 48-bit UE Contention Resolution Identity MAC CE. After receiving the MsgA PUSCH part, the gNB sends MsgB for contention resolution including the Contention Resolution Identity in the MsgB payload, which is known as a successRAR. The PDCCH part of MsgB has a CRC that is scrambled with a common RNTI. In this case MsgB is group cast to multiple UEs all listening to the same RNTI.
[bookmark: _Hlk4060994]In case the gNB detects the preamble, but can’t decode the MsgA PUSCH, the gNB sends a fallbackRAR to the UE. The fallbackRAR and successRAR can be multiplexed in the same MsgB.
Observation 1: The response to MsgA can be unicast to a single UE with the CRC of the PDCCH scrambled by the C-RNTI of that UE.
Observation 2: MsgB containing the successRAR and/or fallbackRAR and/or backoff indicator can be group cast to multiple UEs with the CRC of the PDCCH scrambled by a common RNTI that is monitored by multiple UEs.
[bookmark: _Hlk20737850]In case the MsgA response is scheduled by a PDCCH with CRC scrambled by the C-RNTI, the regular HARQ procedure for a PDSCH scheduled by PDCCH with CRC scrambled by the C-RNTI is used.
[bookmark: _Hlk20737965]Observation 3: When the MsgA response is scheduled by a PDCCH with CRC scrambled by the C-RNTI, the regular HARQ procedure for a PDSCH scheduled by PDCCH with CRC scrambled by the C-RNTI is used.
In case of a MsgB containing the successRAR of one or more UEs, RAN2 has sent an LS (R2-1911776) to RAN1 informing:
· HARQ feedback for msgB would be needed from RAN2 point of view.
· The current successRAR has no UL grant in the message.
· RAN2 design allows multiplexing successRARs of multiple UEs in msgB.

2.3.1	MsgB soft-combining
We now discuss aspects related to soft combining of MsgB retransmissions. There are different ways to handle HARQ retransmissions of MsgB in case the data is not successfully received by one or more UEs:
1. [bookmark: _Hlk3815143]UEs successfully decoding their successRAR send HARQ-ACK feedback to the gNB. The gNB retransmits MsgB only with the successRAR of the UEs from which no HARQ-ACK feedback is received. In this case, for UEs receiving the MsgB retransmission, the retransmitted data can’t be soft combined with the previous transmission, as the MsgB payload changed, leading to a loss of HARQ-ACK combining gain. However, as the payload size is smaller, this can increase the coding gain of a single transmission. 
2. UEs successfully decoding their successRAR send HARQ-ACK feedback to the gNB. The gNB retransmits all of the payload of the previous MsgB transmission, even for UEs that have successfully received MsgB. In this case, for UEs receiving the MsgB retransmission (those that didn’t receive MsgB successfully in the previous transmission), can soft combine the received transmission with the previous transmission preserving the HARQ-ACK combining gain. However, as the payload size is larger than what it would have been, this reduces the coding gain of a single transmission.
[bookmark: _Hlk4061073]Observation 4: In case of a groupcast MsgB, with HARQ-ACK feedback from UEs successfully decoding MsgB, the gNB can retransmit the entire payload of the previous transmission, or only retransmit the successRAR of the UEs from whom no HARQ-ACK feedback is received. There is a tradeoff between soft combining gain and single transmission coding gain.
Ideally, we would like the network to be able to dynamically adapt between options 1 and 2 to maximize the likelihood of successfully decoding MsgB for the UEs that failed decoding the previous transmission.
Consider the example of Figure 3, the first MsgB addressed to a common RNTI includes the contention resolution IDS for four UEs (CRID1, CRID2, CRID3 and CRID4). These are 4 UEs whose MsgA has been successfully received by the gNB, and the network is echoing back the contention resolution ID of each UE. UEs 1 and 3 receive MsgB and successful send HARQ-ACK feedback to gNB. For UEs 2 and 4 no HARQ-ACK is received. The gNB retransmits MsgB only including the contention resolution IDs of the UEs whose HARQ-ACK feedback is not received (i.e. CRID2 and CRID4). In this case, when UEs 2 and 4 receive MsgB, indicating that the payload is different from the previous transmission, they can’t HARQ combine the new transmission with the previous transmission as the payload is not the same. UE2 receives MsgB and successfully sends a HARQ-ACK back to the gNB. For UE4, there is no HARQ-ACK received. The gNB decides to retransmit MsgB contention resolution IDs of UEs 2 and 4, even though UE2 is successfully received so that UE4 can do HARQ combining for MsgB. UE 4 receives MsgB with an indication that the payload is the same as that of the previous transmission and hence it can HARQ combine the current transmission with the previous transmission. The same common RNTI is used during the entire period of initial transmission and re-transmission(s), this RNTI is unique and can’t be used to acknowledge MsgA transmissions received in a different time period or RO.



[bookmark: _Ref3815937]Figure 3: Example 1: Dynamic switching between no-HARQ combining and HARQ combining.
Figure 4 shows another example. In this case, after the first transmission of MsgB, the HARQ-ACK from UE1 is the only HARQ-ACK received by the gNB. Rather than retransmitting MsgB with only the contention resolution IDs of UEs 2, 3 and 4, which will prevent these UEs from doing HARQ combining. The gNB decides to retransmit MsgB with all 4 contention resolution IDs. In this case, the UEs still trying to receive their contention resolution ID can do HARQ combining. After the second MsgB transmission, the gNB didn’t receive HARQ-ACK from UE4. Rather than retransmitting all 4 contention resolution IDs, only the contention resolution ID of UE4 is transmitted. 


[bookmark: _Ref3816316]Figure 4: Example 2: Dynamic switching between no-HARQ combining and HARQ combining.
The network can indicate to the UE if the MsgB is the same as that of previous transmission or if it is a new payload using the “HARQ process number” and the “new data indicator” fields of the DCI scheduling MsgB. If the network indicates the same payload, it is up to the UE’s implementation whether or not support soft combining.
[bookmark: _Hlk16519973]Proposal 3: The network can indicate to the UE whether a MsgB retransmission has the same payload as that of a previous MsgB transmission,
Proposal 4: If the network indicates to the UE that a MsgB retransmission has the same payload as a previous MsgB transmission, it is up to UE implementation whether to perform soft combining.
[bookmark: _Hlk23759567]2.3.2	PUCCH resource allocation for MsgB HARQ-ACK feedback
As described in section 2.3, a single groupcast MsgB can contain the successRAR of several UEs, the HARQ ACK (acknowledging the reception of the contention resolution message) resources for all the UEs should be unique for the gNB to be able to determine which UEs received the message.

In 4-step RACH procedure, a UE transmits HARQ ACK feedback for the Msg4 PDSCH. A PUCCH resource set is provided by pucch-ResourceCommon signaled in RMSI through an index to a row of Table 9.2.1-1 in [10] for transmission of HARQ-ACK information on PUCCH in an initial UL BWP of  PRBs. The UE determines a PUCCH resource within the provided PUCCH resource set based on the PUCCH resource indicator field in the DCI scheduling Msg4, and the starting CCE index of the corresponding PDCCH. The DCI provides additional timing information through parameter PDSCH-to-HARQ_feedback timing indicator, which determines the slot of the PUCCH resource.
The procedure described in the previous paragraph determines a single PUCCH resource based on higher layer parameters and information provided in the DCI scheduling the contention resolution message. In 2-step RACH the contention resolution message (i.e. groupcast MsgB) is sent to multiple UEs, and hence each UE needs to determine a unique PUCCH resource to feedback its HARQ-ACK, this enables the gNB to determine which UEs successfully received MsgB.
In RAN1#98bis it was agreed to down select from the following alternatives on how to enable the UE to determine the “PUCCH resource index” and “PDSCH-to-HARQ feedback timing indicator” to be used:
	Agreements:
For the PUCCH Resource index used for the HARQ-ACK feedback of a user that finds its contention resolution ID in the successRAR with a PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI, down-select the following alternatives:
· Alt1.1: PUCCH Resource Index is only signalled explicitly in the successRAR
· Number of bits used to indicate PUCCH resource index is [FFS 3 or 4] bits.
· Alt1.2: PUCCH Resource Index is determined implicitly based on a reference PUCCH resource index derived from the DCI as in release 15 and UE-based implicit rule.
· FFS: Use 1-bit of reserved DAI instead of CCE start index.
· Alt1.3: PUCCH resource index is determined based on a reference PUCCH resource index derived from DCI as in release 15 and UE-based offset value indicated in the successRAR.
Agreements:
The PUCCH Time resource “PDSCH-to-HARQ_feedback timing indicator”, in unit of slot, used for the HARQ-ACK feedback of a user that finds its contention resolution ID in the successRAR with a PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI down-select from the following alternatives:
· Alt2.1: PDSCH-to-HARQ_feedback timing indicator is only signalled in the successRAR
· Number of bits used to indicate the PDSCH-to-HARQ_feedback timing indicator is 3 bits.
· [bookmark: _Hlk23925694]Alt2.2: A single PDSCH-to-HARQ_feedback timing indicator is used as indicated in the MsgB DCI
· Alt2.3: The PDSCH-to-HARQ_feedback timing indicator is determined implicitly
· FFS: Implicit determination rule.
· Alt2.4: PDSCH-to-HARQ_feedback timing indicator is signalled by the DCI and UE-based offset value indicated in the successRAR.




In the following, we discuss each of the proposed alternatives.
In alternative 1.1 and 2.1, the DCI field provides the PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator of the first UE with the contention resolution identity in MsgB. If there are other UEs with contention resolution identity in MsgB, their respective PUCCH resource indicator is provided inside MsgB. The drawback of this scheme is that it requires the size of MsgB to be increased by 4 bits (for PUCCH resource index space of 16) plus 3 bits for the PDSCH-to-HARQ_feedback timing indicator per UE. Per the RAN2 agreements, the successRAR contains at least the contention resolution ID (48 bits) + C-RNTI (16 bits) + TA command (12 bits) in addition to 8 bits for the MAC subheader. Adding an extra 7 bits for the PUCCH resource is about 9% increase in the payload size. Further, 7-bit payload increase may require the addition of a new byte to the successRAR, introducing additional overhead and reducing its efficiency.
In alternative 2.2 a single PDSCH-to-HARQ_feedback timing indicator is used as indicated in the MsgB DCI, but then this will require that enough PUCCH resources are available in the same slot to address up to 19 successRARs in the same MsgB (as per RAN 2 agreement). 
In alternative 1.2, the PUCCH resource is derived implicitly from the UE’s successRAR position within MsgB as well as the parameters related to the DCI scheduling MsgB.  For example, the UE’s successRAR position (#0, #1, #2, etc) within MsgB can be added to the PUCCH resource index rPUCCH  (determined by the starting CCE index of MsgB’s DCI, PUCCH resource indicator and higher layer parameters) resulting in UE specific PUCCH resource index. If the PUCCH resource index space is exhausted (reaches 15), the index space is extended, and the UE continues with PUCCH resource index rPUCCH = 16.   Alternatively, the next UE starts from PUCCH resource index rPUCCH = 0 and this continues till end of MsgB (or until the first PUCCH resource index – 1 value is reached). This scheme doesn’t increase the size of the DCI scheduling MsgB or the size of MsgB. Also, the PUCCH resource index space may be extended beyond 16 if desired. The same argumentation can be applied to alternative 2.3. As an example of possible implicit determination rule for PDSCH-to-HARQ_feedback timing indicator may be e.g. , where  is the UE specific PDSCH-to-HARQ_feedback timing value,  is the PDSCH-to-HARQ_feedback timing value indicated in the DCI, , is a predetermined or configured timing offset (e.g. 1) and  is the position of the successRAR in MsgB. Such rule would provide sufficient number of UE specific PUCCH resources while using only limited number of slots for HARQ-ACK information transmission.
Finally, in alternative 1.3 a PUCCH resource offset is provided inside MsgB for each UE. The PUCCH resource is indicated explicitly as the summation of the UE-specific PUCCH resource offset and a common PUCCH resource index (determined by the start of the CCE index of MsgB’s DCI, PUCCH resource indicator and higher layer parameters). The same argumentation can be applied to alternative 2.4.
The alternatives 1.3 and 2.4 can provide a compromise between the flexibility of Alternatives 1.1 and 2.1 and the compact signalling of Alternative 1.2 and 2.3. The offset may be e.g. 2 or 3 bits, hence, reducing the extra overhead of Alternatives 1.1 and 2.1. 
Proposal 5: The “PUCCH resource index” and “PDSCH-to-HARQ_feedback timing indicator” for HARQ-ACK feedback when multiple UEs have successRAR in MsgB is based on common parameters in the DCI (i.e. CCE starting index, PUCCH Resource Indicator and PDSCH-to-HARQ_feedback timing indicator) as well as the position of the successRAR in MsgB.
[bookmark: _Hlk16520013]
2.4		2-Step RACH configuration
2.4.1	RA Procedure Selection
4-step RACH is the baseline random access procedure and is always configured in a cell. For example, release 15 NR UEs can only support 4-step RACH. In addition, 2-step RACH can be configured in a cell to be used instead of 4-step RACH by some/all UEs. In RAN1#98 [7], the following agreement was reached:
Agreements:
· If a single RACH type is to be selected and when a UE is configured with 4-step RACH and 2-step RACH procedures, during random access procedure initialization:
· One criterion for determination of random access procedure type can be based on an SSB-based RSRP threshold.
· An SSB-based RSRP threshold can be optionally configured.
· If the threshold is configured, if and how the UE can decide on which RACH type to use when above the threshold. 
· FFS: Which SSB-based RSRP is used.
· This does not preclude any further criteria being defined by RAN1 and RAN2, including leaving the RACH type selection to UE implementation.
· It is up to RAN2 to decide whether a single RACH type is selected or both RACH types can be selected.

The open point in this agreement is which type of SSB-based RSRP is used. It is proposed that the same RSRP type used for the selection of supplementary uplink is used in the determination of the random access procedure type. This is the L3 SS-RSRP.
Proposal 6: The L3 SS-RSRP is the RSRP used for the determination of the random access procedure type.
2.4.2	2-Step RACH Time and Frequency Resources
2.4.2.1 Time domain PRACH Occasions
In case of 4-step RACH, the time domain PRACH Occasions are determined by the higher layer parameter prach-ConfigurationIndex, which points to a row in one the PRACH configuration tables (Table 6.3.3.2-2/3/4 of TS 38.211 [9]). This determines the frame and subframe of the PRACH slots and the symbols within a PRACH slot used for the PRACH occasions.
For 2-step RACH, there are two cases to consider, separately configured ROs and shared ROs with 2-step RACH. In the next two subsections we consider each of these cases.
2.4.2.1.1 Separately configured ROs
In case of separately configured ROs, the network can configure a separate prach-ConfigurationIndex for 2-step RACH ROs, that determines the time domain ROs used for 2-step RACH. The 2-step RACH prach-ConfigurationIndex points to the same configuration tables (Table 6.3.3.2-2/3/4 of TS 38.211 [9]) used for 4-step RACH as agreed in RAN1#98 [7]:

Agreements:
· 2-step RACH at least reuses the 4-step RACH configuration tables (Table 6.3.3.2-2/3/4 of TS 38.211).
· FFS: Whether in case of 4-step RACH and 2-step RACH with separately configured ROs, additional PRACH configurations for 2-step RACH are needed.

An open point in the last agreement is whether additional configurations on top of those provided by Tables 6.3.3.2-2/3/4 of TS 38.211 are needed for 2-step RACH. Indeed, in case of NR-U, the RO and PO can be configured to be adjacent to each other in the same slot, to avoid the need for a second LBT when transmitting MsgA PUSCH. The ROs provided by Tables 6.3.3.2-2/3/4 of TS 38.211 are contiguous from a starting point within a slot till the end or close to the end of the slot leaving no time for inserting POs within a slot. Hence additional RO configurations can be considered in case of NR-U.
Proposal 7: Study additional 2-step RACH RO configurations for NR-U.
2.4.2.2.2 Shared ROs
In RAN1#98 [7], the following agreement was reached:Agreements:
For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles:
· All 4-step RACH ROs can be shared with 2-step RACH.
· FFS: Whether only a subset of 4-step RACH ROs can be shared with 2-step RACH
· FFS: How to indicate the shared ROs.


An open point in this agreement is whether only a subset of 4-step RACH ROs are available to be used for 2-step RACH. Using a subset of the time domain ROs of 4-step RACH, gives the network the flexibility to control the amount of RACH resources allocated 2-step RACH. However, as not all ROs allocated to 4-step RACH are allocated to 2-step RACH, this requires a different preamble-to-SSB association mapping for 2-step RACH, which increases the design complexity of 2-step RACH. Hence, we propose that all time domain ROs allocated to 4-step RACH are shared with 2-step RACH.
Proposal 8: In case of shared ROs for 4-step RACH and 2-step RACH, all ROs allocated to 4-step RACH are shared with 2-step RACH.
2.4.2.3 2-step RACH preamble formats
In RAN1#98 [7], the following agreement was reached:
Agreements:
· 2-step RACH at least reuses the 4-step RACH configuration tables (Table 6.3.3.2-2/3/4 of TS 38.211).
· FFS: Whether in case of 4-step RACH and 2-step RACH with separately configured ROs, additional PRACH configurations for 2-step RACH are needed.
· In case of 4-step RACH and 2-step RACH with separately configured ROs, the network can configure a separate prach-ConfigurationIndex for 2-step RACH
· If the prach-ConfigurationIndex for 2-step RACH is not configured, 2-step RACH reuses the corresponding 4-step RACH parameter.
· FFS: Whether the preamble formats of 2-step RACH and 4-step RACH are the same or different.

One open point in the last agreement is whether the PRACH preamble format can be different for 2-step RACH than that of 4-step RACH, when the 2-step and 4-step RACH are in separately configured PRACH Occasions (ROs). One factor that determines the PRACH preamble format is the cell radius, the larger the cell radius the longer the round-trip delay and the larger the propagation loss at the cell edge. Hence as the cell gets larger, preamble formats with longer preamble format cyclic prefix (to support longer round-trip delay) and more RACH sequence repetitions (to operate at lower SNR due to the larger propagation loss) are used. As the 2-step RACH and 4-step RACH operate in the same cell, the preamble format should be the same for both RACH types.
Proposal 9: The 2-step RACH and 4-step RACH configured in the same cell have the same preamble format.
In RAN1#98bis, the following agreement was reached:
	Agreements:
For 2-step RACH in separate ROs, the following parameters (prach-RootSequenceIndex, zeroCorrelationZoneConfig, restrictedSetConfig), are separately configured for 2-step RACH. If absent, reuse the corresponding 4-step RACH parameters.



The PRACH configuration index provides two pieces of information:
1. The PRACH Preamble Format.
2. The Time Domain PRACH Occasion, i.e. the symbols, slots, subframes, and system frame number where the PRACH Occasions occur.

For the same preamble format, PRACH configuration indexes are contiguous in the PRACH configuration index tables (Table 6.3.3.2-2/3/4). Table 1 shows the number of PRACH configs and the starting index for each preamble format for Table 6.3.3.2-2 of TS 38.211. Similar tables can be found for Tables 6.3.3.2-3/4 of TS 38.211.
[bookmark: _Ref20143537]
Table 4: Number of PRACH configuration indexes and starting PRACH configuration index for each preamble format for the PRACH configuration indexes in FR1 with paired spectrum (TS 38.211 Table 6.3.3.2-2).
	Preamble format
	Number of PRACH Configs
	Starting Index

	0
	28
	0

	1
	25
	28

	2
	7
	53

	3
	27
	60

	A1
	21
	87

	A2
	20
	117

	A3
	20
	147

	A1/B1
	9
	108

	A2/B2
	10
	137

	A3/B3
	10
	167

	B1
	21
	177

	B4
	21
	198

	C0
	17
	219

	C2
	20
	236



The PRACH configuration index for MsgA can be provided as the sum of two components:
MsgA PRACH configuration index = Starting index of preamble format + relative offset of MsgA PRACH configuration index
Where,
· The starting index of the preamble format is determined based on the preamble format provided in 4-step RACH prach-ConfigurationIndex.
· Relative offset of MsgA PRACH configuration index is a relative offset between 0 and maximum value minus 1 of allowed PRACH configuration as provided by the middle column of Table 4 configured by the network.
Configuring the offset of MsgA PRACH configuration index relative to the starting index of the preamble format provided by the 4-step RACH prach-ConfigurationIndex is more signaling efficient and less error prone by avoiding the possibility of having different preamble formats for 2-step RACH and 4-step RACH.
[bookmark: _Hlk20903578]Proposal 10: The network configures the offset of MsgA PRACH configuration index relative to the starting index of the preamble format provided by the 4-step RACH prach-ConfigurationIndex.
2.4.3.4 2-step RACH RO invalidation rules
In RAN1#98 [7], the following agreement was reached:
· The rules for a UE for invalidating 2-step RACH ROs follow the same rules that are used for the invalidation of 4-step RACH ROs as described in section 8.1 of TS 38.213.
· FFS: For separately configured 2-step RACH and 4-step RACH ROs, if 2-step RACH ROs overlap with 4-step RACH ROs in time and frequency,
· Option 1: the 2-step RACH ROs become invalid.
· Option 2: This is not expected by UE.
· Other options are not precluded

Option 1 allows the network to configure 2-step ROs such that some of the 2-step RACH ROs overlap with the 4-step RACH ROs. In this case, the 2-step RACH ROs overlapping 4-step RACH ROs become invalid. While, option 2 restricts the network configuration by requiring that 2-step RACH ROs to be configured such that they don’t overlap with 4-step RACH. We slightly prefer option 1 as it allows more network flexibility.
Proposal 11: For separately configured 2-step RACH ROs, if 2-step RACH ROs overlap 4-step ROs, the overlapping 2-step RACH ROs become invalid.
2.5		2-Step RACH Power control 
2.5.1	Our view on 2-step RACH Power Control
In this section we introduce our view on the remaining open issues of the power control procedure in 2-step RACH. We start by revisiting how the MsgA PRACH and PUSCH power control is expressed based on the latest agreements in RAN1#97:
The power of MsgA PRACH part at the transmission instance i, (i), can be given by:

Where,
·  is the UE’s maximum allowed transmission power;
·  is the MsgA PRACH target reception power and is provided by the higher layers;
·  is the pathloss for the active UL BWP;
·  is the 2-step RACH power ramping component, which for i = 1 is .

The power of MsgA PUSCH part, , at the transmission instance i can be given by:

Where,
·  is the UE’s maximum allowed transmission power;
·  is the MsgA PRACH target reception power and is provided by the higher layers;
·  is an offset relative to the MsgA PRACH preamble (), which can be configured for 2-step RACH, When the configuration of this offset is absent, the UE should assume that  delta_preamble_msg3 of the 4-step RACH; 
·  is the offset due to the number of allocated PRBs ( to the PUSCH part of MsgA, where  is the sub-carrier spacing;
·  corresponds to the pathloss compensation including the compensation already done for the MsgA PRACH. The level of compensation is controlled by the  parameter, which is configured separately for the 2-step RACH. If the  parameter is absent from the configuration, then the UE should assume the 4-step RACH configuration for, i.e. ;
·  is the power component associated with the transport format;
·  is the 2-step RACH power ramping component.

2.5.2	On power ramping step
In RAN1#97 [6] it was agreed to study and down-select from the following alternatives:
	· Alt1: Same ramp up for MsgA PUSCH and MsgA PRACH
 
· FFS: same power ramping counters for 2-step RACH MsgA PRACH and 4-step RACH Msg1.
· Alt 2: Separate ramp up for MsgA PUSCH and MsgA PRACH, with different counters
 
· Alt3: Separate ramp up for MsgA PUSCH and MsgA PRACH, with the same counter
 



In our view, the MsgA PUSCH should follow the MsgA PRACH ramp-up. As such the power ramping component  should be given as follows,

where  is the requested power ramp up from the higher layers for the 2-step RACH, which is given as,

where is the MsgA PRACH power ramping step and  is the 2-step MsgA PRACH power ramping counter.
At this point there are no clear benefits on decoupling the MsgA PRACH and MsgA PUSCH power ramping, while there will be a significant complexity increase in the power control procedure.
Proposal 12: The power ramping step and counter should be the same for the MsgA PRACH and PUSCH.
If the network doesn’t receive the preamble transmitted by the UE in the transmission attempt , as indicated in the MsgB reply to the UE (or lack thereof), the UE increments the power of MsgA PRACH preamble by  and keeps the same power offset between the MsgA preamble and MsgA data part if the preamble is retransmitted with the same spatial filter (beam). 
Proposal 13: If in the  transmission attempt the UE doesn’t receive a MsgB in response to a MsgA transmission, the UE increments the power of MsgA preamble by  and keeps the same power offset between the MsgA preamble and MsgA data part if the preamble is retransmitted with the same spatial filter (beam).
For the case where the UE transmits the MsgA PRACH in one spatial filter and the MsgA PUSCH in another spatial filter, please refer to our discussion in section 2.7.3.
2.5.3	On power ramping fallback to 4-step
In RAN1#98 [7], it was agreed that:
	· Any performance difference of 2-step and 4-step preambles (e.g. probability of missed-detection) is influenced by parameters some of which are under the control of the network (which the gNB has the flexibility to make the same or different) such as the preamble format (if supported and allowed to be configured differently), number of configured preambles (pool size), number of users attempting random access (traffic loads) and when applicable, power control parameters (such as preambleReceivedTargetPower and powerRampingStep).
· This applies to shared ROs and separately configured ROs.
· Switching to 4-step RACH doesn’t just depend on MsgA PRACH performance, but on the impact of MsgA PUSCH on performance as well.
· Based on the above points, the preamble performance of 2-step RACH and 4-step can be different.
· RAN1 views that it can be beneficial to allow UE to switch to 4-step RACH.



Furthermore, in RAN2#106, the following agreements were made:
2. From RAN2 perspective, for msgA retransmission (i.e. preamble and PUSCH) we assume that the UE retries on 2-step RACH  
3. FFS whether the UE can fallback to 4-step RACH after certain time.  Ask RAN1 whether the preamble transmission performance for 2-step RACH and 4-step RACH is the same.  

When the UE transmits MsgA, there are three possible outcomes:
1. The UE receives a response message from the gNB that it has successfully decoded MsgA PUSCH. This indicates the successful completion of the 2-step RACH procedure.
2. The UE receives a response message from the gNB that it has detected the MsgA PRACH preamble, but the MsgA PUSCH has not been successfully decoded. In this case, the gNB sends to the UE the FallbackRAR, and the UE continues with the transmission of Msg3.
3. The UE receives no response message from the gNB during the MsgB window. This is an indication for the UE that MsgA was not detected by the gNB, or that the response message is lost. According to the RAN2 agreements, the UE retransmits MsgA (PRACH + PUSCH) after backoff. The UE ramps up the transmit power of MsgA if retransmitted on the same beam. 
When the UE transmits MsgA in the 2-step RACH procedure, it consumes more energy, and causes more interference than the 4-step RACH, accordingly it is desirable to not transmit 2-step RACH with a high-power level. To cope with this, the network can either configure a maximum transmit power level or a maximum number of transmission attempts () for 2-step RACH. If the UE determines that the required transmit power for MsgA PUSCH retransmission exceeds the configured power level or the number of 2-step attempts are exceeded, then the UE falls back to 4-step RACH only transmitting the preamble. 
Proposal 14: If the UE determines that the required transmit power of MsgA PUSCH retransmission exceeds a configured value or the maximum number of 2-step MsgA transmission attempts has been reached, the UE falls back to 4-step RACH.
The UE continues with the retransmission of the 4-step RACH preamble until it receives a RAR response or it reaches the maximum number of transmission attempts in the fallback 4-step RACH (). 
As in the 4-step RACH, the total number of RACH attempts in 2-step and 4-step fallback should be limited, i.e., . In 4-step RACH, the maximum number of PRACH preamble retransmission attempts (preambleTransMax) is defined in the RACH-ConfigGeneric IE in 38.331, with a range between 3 to 200 attempts. The same approach can be taken for the 2-step RACH, although the configured maximum number of allowed MsgA transmission attempts () should be more restrictive than in 4-step, e.g. be limited to 4 attempts.
[bookmark: _Hlk21093555]Proposal 15: The number of allowed MsgA transmission attempts should be configurable up to 4 attempts.
Proposal 16: The total number of transmission attempts (2-step and 4-step fallback) should be configurable and have the same value ranges as in 4-step RACH.
During the fallback 4-step power ramping, the power ramping step ΔP4-step_fallback_rampup can either be (i) the same as in 2-step RACH, (ii) the same as in 4-step RACH or (iii) a different power ramping step value. The actual power ramping step value should depend on which PRACH resources are used for the fallback 4-step as follows:
· Shared 2-step and 4-step fallback resources – In this setting the 2-step and 4-step fallback power ramping step should be the same, as to limit interference across RACH types;
· Shared 4-step and 4-step fallback resources – In this setting the 4-step fallback power ramping step should be the same as in the normal 4-step;
· Separate 4-step fallback resources – In this setting the 4-step fallback power ramping step can have a different value, e.g. an higher value to ensure a faster completion of the access.
Proposal 17: The power ramping step value of the fallback 4-step depends on which PRACH resources the 4-step fallback takes place:
· Shared 2-step and 4-step fallback PRACH resources – The 2-step and 4-step fallback power ramping step should be the same;
· Shared 4-step and 4-step fallback resources – The 4-step fallback and normal 4-step power ramping step should be the same;
· Separate 4-step fallback resources – The 4-step fallback power ramping step can have a different value, e.g. to enable a faster completion of the RACH procedure. 
When the UE transitions from 2-step to fallback 4-step, then there might be a benefit of introducing an offset Δ2-step-to-4-step-fallback between the last transmitted 2-step PRACH and the first 4-step fallback PRACH. For example, if the 4-step fallback PRACH resources are separate from the 2-step PRACH resources and shared with the normal 4-step RACH, then it would be desirable to ensure that the 4-step fallback has the same relative power level as a normal 4-step at that number of power ramping attempts.
Proposal 18: Introduce an offset, Δ2-step-to-4-step-fallback, between the last transmitted 2-step PRACH and the first 4-step fallback PRACH transmitted.
The  and  Δ2-step-to-4-step-fallback and the maximum MsgA PUSCH power parameters are broadcast by the network as part of the 2-step RACH configuration. The proposed power ramping procedure is illustrated in Figure 5.
[image: ]
[bookmark: _Ref20835168]Figure 5: 2-step power ramping and the fallback 4-step power ramping.
2.5.4	On beam switching during power ramping
In RAN1#97 [6] it was agreed that if the MsgA PRACH is under a different beam that the power ramping counter should be suspended. Yet, it was left for future specification on how to determine the retransmitted MsgA PUSCH Tx power. The text of the agreement is as follows:
	From RAN1 perspective, when re-transmitting MsgA, and if the MsgA PRACH is on a different spatial filter (beam) than the latest MsgA PRACH transmission, layer 1 notifies higher layer to suspend the power ramping counter of MsgA PRACH, 
FFS: How to determine the retransmitted MsgA PUSCH Tx power.


As discussed in 2.6.4, the power ramping counter and step of the MsgA PRACH and MsgA PUSCH should be the same. When the MsgA PRACH power ramping is suspended due to the UE transitioning to another beam, then the MsgA PUSCH power ramping should be also suspended. In other words, when the UE performs the next access attempt (attempt i), then the power ramping counter should not be incremented, and the UE should use the same power for the MsgA PRACH and PUSCH as in the previous attempt (attempt i-1, where the UE was under another beam). The power ramping and the associated counter are then resumed for subsequent transmission attempts.
Proposal 19: When the UE transitions to another beam, it will resume the MsgA PRACH and PUSCH power ramping procedure, based on the power ramping counter, power ramping step and power level associated with the previous beam.

2.5.5	On MsgA PUSCH payload change during power ramping
 
	Agreements from TSG RAN WG1 Meeting#96bis [5] from Chairman notes:
· MsgA retransmission, if supported, is defined as a retransmission of MsgA PRACH (with a re-selection of preamble) and MsgA PUSCH. Further study at the following options:
· Option 1: Using the same payload for MsgA PUSCH.
· Option 2: MsgA PUSCH payload can be different.
· FFS: Conditions for MsgA retransmission and relation to fall back.
· FFS: retransmission of PUSCH only.
· FFS: retransmission of PRACH only.


The main benefit of option 1, is on enabling the soft combining of multiple MsgA retransmissions. Yet, there is currently no such mechanism in place. While option 2, opens the opportunity for the UE to change its data if the data includes time sensitive information, which can then be updated to that of the latest transmission.
Proposal 20: The UE should be able to decide on whether to use the same or different payloads during retransmission attempts of 2-step RACH.
2.6		2-Step RACH Beam Management
In RAN1#96 [4], it was agreed that the beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH. However, it was left open how to do the beam association for the MsgA PUSCH part. In this section, we present our view on this topic.
In 2-Step RACH, MsgA carries a preamble and data. The preamble resources are orthogonal/quasi-orthogonal. If multiple preambles are transmitted in the same resource, the gNB is able to detect each preamble given the orthogonality/quasi-orthogonality of the preambles. To avoid excessive resource reservation, overbooking for PUSCH resource(s) is needed meaning that there is many-to-one mapping between the set of preambles and PUSCH resource. Thus, collisions are more likely for the data part than for the preamble part. The MsgA preamble detector is a presence detector, determining whether the preamble is present or not, while the MsgA data receiver, requires demodulation and decoding of data, which could require a higher SINR than the preamble detection especially with larger payloads,
Observation 5: The data part of MsgA has less coverage than the preamble part of MsgA. Data part of MsgA may suffer a higher collision rate than the preambles of MsgA.
Using a narrow beam for reception can:
1. Enhance coverage given the higher antenna gain of the narrow beam.
2. Reduce the probability of collision as the likelihood that two users transmitting on the same beam is reduced.
However, with analogue beamforming, the narrower the beam the more time domain resources are needed. In this case more PRACH resources, resulting in significant system overhead.
Observation 6: Using narrow beams can improve coverage and reduce the probability of collision at the expense of higher system overhead.
Ideally, we would like to have beams that are wide enough for the MsgA preamble detection, to provide spatial coverage in the cell with a reasonable number of beams, and accordingly a reasonable number of PRACH occasions and system overhead. At the same time, we would like to use narrower beams when receiving the data part of MsgA to improve coverage at the cell edge and reduce the probability of collision. Hence, wide beams based on SS/PBCH blocks are used for MsgA preamble detection, while narrower beams associated with CSI-RS are used for the reception of the data part of MsgA.
Proposal 21: 2-Step RACH supports beam refinement when receiving the data part of MsgA.
2.6.1 DL Beam refinement
To support beam refinement for the data part of MsgA, the network configures CSI-RS resources/resource sets that are QCL type-D with the corresponding SS/PBCH block for UEs in RRC CONNECTED state. The CSI-RS beams are sub-beams of the SS/PBCH block beams. There are a set of preambles associated with each SSB#n, these preambles are then divided into subsets, with each subset associated with CSI-RS#m that is QCL type-D with the SSB#n. Figure 6 shows an example of such association.
[image: ]
[bookmark: _Ref16695045]Figure 6: Preambles associated to the SSB are further divided in sub-sets of preambles each associated to one CSI-RS QCLed with certain SSB.
Proposal 22: For 2-step RACH, and for UEs in RRC CONNECTED state, the network configures CSI-RS resources that are QCL Type-D with the corresponding SS/PBCH blocks. Each preamble associated with a SS/PBCH Block indicates a CSI-RS resource QCLed with that SS/PBCH Block.
The procedure for refining the beam used to receive the data part of MsgA is shown in Figure 7. The UE selects a CSI-RS that exceeds a threshold, determines the SS/PBCH block that is QCLed with this CSI-RS. The UE selects a preamble corresponding to the selected CSI-RS. The UE transmits the preamble, and it is received by the gNB using a beam QCLed with the corresponding SS/PBCH block. Based on the received preamble index the gNB refines the beam to be used for the reception of the data part of MsgA to be QCLed with the CSI-RS corresponding to the received preamble. The UE transmits the data part of MsgA, and it is received by the gNB using a beam QCLed with the CSI-RS. 

[image: ]
[bookmark: _Ref16695106]Figure 7: Procedure for transmitting and receiving the preamble and data part of MsgA using a refined beam for the data part.
2.6.2 UL Beam refinement
The UL beam refinement, in the current NR beam management framework, can only be achieved during the P-3 phase. The MsgA PUSCH as the first transmission of the UE towards the gNB opens the opportunity to achieve UL beam refinement already during the 2-step RACH procedure. 
Observation 7: MsgA PUSCH provides an opportunity for UL beam refinement for UEs, in all RRC states, attempting the 2-step RACH.
The structure of the MsgA PUSCH payload could include additional reference signals (e.g, DMRS ports), which could each then be transmitted with a different QCL. An example of such additional reference signals is provided in Figure 8.

[image: ]
[bookmark: _Ref16695209]Figure 8 : Example of MsgA PUSCH structure with front-loaded DMRS.
Observation 8: MsgA PUSCH can have the same or different multiple DMRS ports configured, each transmitted with a different QCL.
Proposal 23: Introduce multiple beam formed reference symbols for the refining beam management operation in the UL.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]3	Conclusion
We have the following observations and proposals on the MsgB design of the 2-step RACH procedure:
Proposal 1: At least for the case when MsgA PRACH and MsgA PUSCH are in different slots the granularity of the TA command in MsgB is based on the subcarrier spacing of MsgA PUSCH according to Table 1.
Table 1: TA granularity for 2-step RACH.
	Subcarrier Spacing (kHz) of the MsgA PUSCH
	Unit 

	15
	16*64 Tc

	30
	8*64 Tc

	60
	4*64 Tc

	120
	2*64 Tc


Proposal 2: The MsgB is scheduled by a DCI with a structure similar to the structure of the DCI scheduling Msg4.
Observation 1: The response to MsgA can be unicast to a single UE with the CRC of the PDCCH scrambled by the C-RNTI of that UE.
Observation 2: MsgB containing the successRAR and/or fallbackRAR and/or backoff indicator can be group cast to multiple UEs with the CRC of the PDCCH scrambled by a common RNTI that is monitored by multiple UEs.
Observation 3: When the MsgA response is scheduled by a PDCCH with CRC scrambled by the C-RNTI, the regular HARQ procedure for a PDSCH scheduled by PDCCH with CRC scrambled by the C-RNTI is used.
Observation 4: In case of a groupcast MsgB, with HARQ-ACK feedback from UEs successfully decoding MsgB, the gNB can retransmit the entire payload of the previous transmission, or only retransmit the successRAR of the UEs from whom no HARQ-ACK feedback is received. There is a tradeoff between soft combining gain and single transmission coding gain.
Proposal 3: The network can indicate to the UE whether a MsgB retransmission has the same payload as that of a previous MsgB transmission,
Proposal 4: If the network indicates to the UE that a MsgB retransmission has the same payload as a previous MsgB transmission, it is up to UE implementation whether to perform soft combining.
Proposal 5: The “PUCCH resource index” and “PDSCH-to-HARQ_feedback timing indicator” for HARQ-ACK feedback when multiple UEs have successRAR in MsgB is based on common parameters in the DCI (i.e. CCE starting index, PUCCH Resource Indicator and PDSCH-to-HARQ_feedback timing indicator) as well as the position of the successRAR in MsgB.
Proposal 6: The L3 SS-RSRP is the RSRP used for the determination of the random access procedure type.
Proposal 7: Study additional 2-step RACH RO configurations for NR-U.
Proposal 8: In case of shared ROs for 4-step RACH and 2-step RACH, all ROs allocated to 4-step RACH are shared with 2-step RACH.
Proposal 9: The 2-step RACH and 4-step RACH configured in the same cell have the same preamble format.
Proposal 10: The network configures the offset of MsgA PRACH configuration index relative to the starting index of the preamble format provided by the 4-step RACH prach-ConfigurationIndex.
Proposal 11: For separately configured 2-step RACH ROs, if 2-step RACH ROs overlap 4-step ROs, the overlapping 2-step RACH ROs become invalid.
Proposal 12: The power ramping step and counter should be the same for the MsgA PRACH and PUSCH.
Proposal 13: If in the  transmission attempt the UE doesn’t receive a MsgB in response to a MsgA transmission, the UE increments the power of MsgA preamble by  and keeps the same power offset between the MsgA preamble and MsgA data part if the preamble is retransmitted with the same spatial filter (beam).
Proposal 14: If the UE determines that the required transmit power of MsgA PUSCH retransmission exceeds a configured value or the maximum number of 2-step MsgA transmission attempts has been reached, the UE falls back to 4-step RACH.
Proposal 15: The number of allowed MsgA transmission attempts should be configurable up to 4 attempts.
Proposal 16: The total number of transmission attempts (2-step and 4-step fallback) should be configurable and have the same value ranges as in 4-step RACH.
Proposal 17: The power ramping step value of the fallback 4-step depends on which PRACH resources the 4-step fallback takes place:
· Shared 2-step and 4-step fallback PRACH resources – The 2-step and 4-step fallback power ramping step should be the same;
· Shared 4-step and 4-step fallback resources – The 4-step fallback and normal 4-step power ramping step should be the same;
· Separate 4-step fallback resources – The 4-step fallback power ramping step can have a different value, e.g. to enable a faster completion of the RACH procedure. 
Proposal 18: Introduce an offset, Δ2-step-to-4-step-fallback, between the last transmitted 2-step PRACH and the first 4-step fallback PRACH transmitted.
Proposal 19: When the UE transitions to another beam, it will resume the MsgA PRACH and PUSCH power ramping procedure, based on the power ramping counter, power ramping step and power level associated with the previous beam.

Proposal 20: The UE should be able to decide on whether to use the same or different payloads during retransmission attempts of 2-step RACH.
Observation 5: The data part of MsgA has less coverage than the preamble part of MsgA. Data part of MsgA may suffer a higher collision rate than the preambles of MsgA.
Observation 6: Using narrow beams can improve coverage and reduce the probability of collision at the expense of higher system overhead.
Proposal 21: 2-Step RACH supports beam refinement when receiving the data part of MsgA.
Proposal 22: For 2-step RACH, and for UEs in RRC CONNECTED state, the network configures CSI-RS resources that are QCL Type-D with the corresponding SS/PBCH blocks. Each preamble associated with a SS/PBCH Block indicates a CSI-RS resource QCLed with that SS/PBCH Block.
Observation 7: MsgA PUSCH provides an opportunity for UL beam refinement for UEs, in all RRC states, attempting the 2-step RACH.
Proposal 23: Introduce multiple beam formed reference symbols for the refining beam management operation in the UL.
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Appendix A: RAN1 Agreements

A.1 RAN1#96
In RAN1#96 [4], the following agreements related to the 2-step RACH procedure where made:

Agreements:
· For the relation of PRACH resources between 2-step and 4-step RACH, further study the following options (for possible down-selection or combination(s) of the options)
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· Option 2: Shared RO but separate preambles for 2-step and 4-step RACH
· Option 3: Shared RO and shared preambles for 2-step and 4-step RACH
Agreements:
· The beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH
· FFS beam association for PUSCH
Agreements:
· At least open loop power control for PUSCH transmission in MsgA should be supported
· FFS PC for preamble vs. PC for PUSCH

In RAN1#96bis [5], the following agreements related to the 2-step RACH procedure where made:
Agreements:
· For the relation of PRACH resources between 2-step and 4-step RACH, the network has the flexibility to configure the following options:
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· Option 2: Shared RO but separate preambles for 2-step and 4-step RACH
Agreements:
Further study the granularity of the time advance command, if supported in MsgB:
· E.g., Based on the subcarrier spacing of MsgA PUSCH using a 12-bit TA command, where the granularity of the TA command is determined according to the following table.
	Subcarrier Spacing (kHz) of the msgA PUSCH data part
	Unit 

	15
	16*64 Tc

	30
	8*64 Tc

	60
	4*64 Tc

	120
	2*64 Tc


· Other options/variations are not precluded

Agreements:
[bookmark: _Hlk5745760]For 2-step RACH preamble power control parameter configuration, further study and down select from the following options:
· Option 1: Power control parameters can be separately configured for 2-step and 4-step RACH.
· If a power control parameter is not configured for 2-step RACH, the corresponding power control parameter of 4-step RACH is used instead for 2-step.
· Option 2: The corresponding power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.

Agreements:
For the determination of the PUSCH Tx power, further study at least the following components including possible down selection:
· An offset relative to the preamble received target power
· Option 1.1: Offset configured for 2-step RACH
· Option 1.2: Offset is the release 15 delta_preamble_msg3
· Option 1.3: Offset is the release 15 delta_preamble_msg3 + configurable delta
· An offset relative to the MsgA PRACH Tx power for the MsgA PUSCH Tx power configured for 2-step RACH.
· Transmission bandwidth of MsgA PUSCH
· MsgA PUSCH Transport format (ΔTF). Further study the following options for further down selection
· Option 2.1: deltaMCS configured for 2-step separate from 4-step
· Option 2.2: reuse deltaMCS of 4-step RACH
· Preamble received target power.
· Pathloss. Further study the following options for further down selection
· Option 4.1: Full pathloss compensation (α = 1)
· Option 4.2: Partial pathloss compensation alpha configured for 2-step separate from that of 4-step RACH.
· Option 4.3: Partial pathloss compensation using msg3-alpha.
· RS resource index for pathloss estimation.
· Total power ramp-up requested by higher layers for MsgA PUSCH Tx:
· Option 6.1: from the first to the current MsgA PUSCH transmission (Prampuprequested).
· Option 6.2: from the first to the latest random access MsgA preamble transmission (Prampuprequested).
· Note: Latest means most recent transmitted.
· Power reduction priority rule in CA/DC
Agreements:
· For MsgA Tx beam selection further study at least the following options:
· Option 1: The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
· Option 2: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) up to UE implementation.
· No spec impact expected.
· Note: in 4-step RACH it is up to UE implementation to decide the beams for Msg1 and Msg3.
· Option 3: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) under network control/assistance.
· MsgA retransmission, if supported, is defined as a retransmission of MsgA PRACH (with a re-selection of preamble) and MsgA PUSCH. Further study at the following options:
· Option 1: Using the same payload for MsgA PUSCH.
· Option 2: MsgA PUSCH payload can be different.
· FFS: Conditions for MsgA retransmission and relation to fall back.
· FFS: retransmission of PUSCH only.
· FFS: retransmission of PRACH only.

A.2 RAN1#97

In RAN1#97 [6], the following agreements related to the 2-step RACH procedure where made:
Agreements:
· MsgA shall support all the preamble formats specified for NR release 15.

Agreements:
[bookmark: _Hlk8850408]From RAN1 perspective, when re-transmitting MsgA, and if the MsgA PRACH is on a different spatial filter (beam) than the latest MsgA PRACH transmission, layer 1 notifies higher layer to suspend the power ramping counter of MsgA PRACH, 
· FFS: How to determine the retransmitted MsgA PUSCH Tx power.

Conclusion:
In the reply LS to the RAN2 on power ramping, 
· Include the agreements right above, and
· Mention that RAN1 discussed the suspension of power ramping counter when retransmitting MsgA, and if MsgA preamble is associated with a different SSB than the latest MsgA preamble transmission. The suspension of the power ramping counter for this scenario in case of 4-step RACH is described in the RAN2 specifications. It is up to RAN2 to agree on a similar behavior for 2-step RACH.

Agreements:
· The proposals in 5.2.6 of R1-1907900 is agreed
	[bookmark: _Hlk8932679]During MsgA PUSCH retransmissions, the MsgA PUSCH Tx power in transmission instance  is , where

·  is an offset relative to the preamble received target power that could be configured for 2-step RACH. If the offset parameter is absent, the parameter delta_preamble_msg3 of 4-step RACH is used.
· [Working Assumption] The power component from the transport format  is determined based on the same mechanism and the same parameter deltaMCS of Rel-15 Msg3 for the current transmission instance.
· The power component from pathloss compensation, , is determined by an alpha parameter, which is UE specific that is configured for 2-step separate from that of 4-step RACH. If the 2-step RACH alpha parameter is absent, the parameter msg3-alpha of 4-step RACH is used.
· FFS: cell-specific MsgA PUSCH alpha.
· For the downlink pathloss estimate for MsgA PUSCH power control, the UE uses the same RS resource index as that used for the corresponding MsgA PRACH
· The power ramping component is given by;

· Where,  is the requested ramp up from higher layers
· Further study and down select from the following alternatives:
· Alt1: Same ramp up for MsgA PUSCH and MsgA PRACH
 
· FFS: same power ramping counters for 2-step RACH MsgA PRACH and 4-step RACH Msg1.
· Alt 2: Separate ramp up for MsgA PUSCH and MsgA PRACH, with different counters
 
· Alt3: Separate ramp up for MsgA PUSCH and MsgA PRACH, with the same counter
 



Agreements:
· RACH preamble power control parameters include; powerRampingStep and preambleReceivedTargetPower.

A.3 RAN1#98

In RAN1#98 [7], the following agreements related to the 2-step RACH procedure where made:
Agreements:
· The offline agreement 5.2.1 in R1-1909726 is agreed

Correct typo in formula from RAN1#97


Agreements:
· Any performance difference of 2-step and 4-step preambles (e.g. probability of missed-detection) is influenced by parameters some of which are under the control of the network (which the gNB has the flexibility to make the same or different) such as the preamble format (if supported and allowed to be configured differently), number of configured preambles (pool size), number of users attempting random access (traffic loads) and when applicable, power control parameters (such as preambleReceivedTargetPower and powerRampingStep).
· This applies to shared ROs and separately configured ROs.
· Switching to 4-step RACH doesn’t just depend on MsgA PRACH performance, but on the impact of MsgA PUSCH on performance as well.
· Based on the above points, the preamble performance of 2-step RACH and 4-step can be different.
· RAN1 views that it can be beneficial to allow UE to switch to 4-step RACH.
Agreements:
· If a single RACH type is to be selected and when a UE is configured with 4-step RACH and 2-step RACH procedures, during random access procedure initialization:
· One criterion for determination of random access procedure type can be based on an SSB-based RSRP threshold.
· An SSB-based RSRP threshold can be optionally configured.
· If the threshold is configured, if and how the UE can decide on which RACH type to use when above the threshold. 
· FFS: Which SSB-based RSRP is used.
· This does not preclude any further criteria being defined by RAN1 and RAN2, including leaving the RACH type selection to UE implementation.
· It is up to RAN2 to decide whether a single RACH type is selected or both RACH types can be selected.
Agreements:
For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles:
· 2-step RACH preambles are allocated from the non-CBRA preambles associated with each SSB.
Agreements:
For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles:
· All 4-step RACH ROs can be shared with 2-step RACH.
· FFS: Whether only a subset of 4-step RACH ROs can be shared with 2-step RACH
· FFS: How to indicate the shared ROs.
Agreements:
· 2-step RACH at least reuses the 4-step RACH configuration tables (Table 6.3.3.2-2/3/4 of TS 38.211).
· FFS: Whether in case of 4-step RACH and 2-step RACH with separately configured ROs, additional PRACH configurations for 2-step RACH are needed.
· In case of 4-step RACH and 2-step RACH with separately configured ROs, the network can configure a separate prach-ConfigurationIndex for 2-step RACH
· If the prach-ConfigurationIndex for 2-step RACH is not configured, 2-step RACH reuses the corresponding 4-step RACH parameter.
· FFS: Whether the preamble formats of 2-step RACH and 4-step RACH are the same or different.

Agreements:
In case of 4-step RACH and 2-step RACH with separately configured ROs, for the frequency domain location of the PRACH occasions of 2-step RACH,
· Network can configure separate msg1-FDM and msg1-FrequencyStart for the 2-step RACH ROs
· If any of these parameters is not configured for 2-step RACH, 2-step RACH reuses the corresponding 4-step RACH parameter.
Agreements:
· The rules for a UE for invalidating 2-step RACH ROs follow the same rules that are used for the invalidation of 4-step RACH ROs as described in section 8.1 of TS 38.213.
· FFS: For separately configured 2-step RACH and 4-step RACH ROs, if 2-step RACH ROs overlap with 4-step RACH ROs in time and frequency,
· Option 1: the 2-step RACH ROs become invalid.
· Option 2: This is not expected by UE.
· Other options are not precluded

A.4 RAN1#98bis
In RAN1#98bis [8], the following agreements related to the 2-step RACH procedure where made:
Agreements:
The MsgB window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for MsgB, and at least one symbol after the last symbol of MsgA PUSCH.
Agreements:
For separately configured ROs, the 2-step RACH MsgA PRACH SCS is indicated by the corresponding 4-step RACH parameter (msg1-subcarrierSpacing).
Agreements:
Confirm the working assumption regarding the power component from the transport format TF(i) in the agreement from RAN1#97.
Agreements:
For the power component from pathloss compensation, PL(i), If the 2-step RACH alpha parameter is not configured, and the parameter msg3-alpha of 4-step RACH is not configured, alpha=1 is used for pathloss compensation.
Agreements:
For shared ROs with 4-step RACH and 2-step RACH,  
· The powerRampingStep and preambleReceivedTargetPower for 2-step RACH are indicated by those for the 4-step RACH.
Agreements:
When the ROs are separately configured for 4-step RACH and 2-step RACH, the powerRampingStep for 2-step RACH and 4-step RACH can be separately configured.
· If the powerRampingStep for 2-step RACH is not configured, the corresponding 4-step RACH parameter is used for 2-step RACH.
When the ROs are separately configured for 4-step RACH and 2-step RACH, the preambleReceivedTargetPower for 2-step RACH is that of 4-step RACH.
Agreements:
For 4-step RACH and 2-step RACH with separately configured ROs, the preamble formats of 4-step RACH and 2-step RACH can be different. 
· Note: For each of the separate configuration, the configuration is cell-specfic. 

Agreements:
· [bookmark: _Hlk21597930]A UE shall provide HARQ-ACK feedback if it receives a MsgB that contains a successRAR addressed to this UE.

Agreements:
· For a MsgB downlink transmission with PDCCH addressed to a MsgB-RNTI, the HARQ-ACK response to the downlink transmission can include at least ACK.
· MsgB RNTI is at least group based
· FFS: whether MsgB-RNTI can be UE specific, pending RAN2’s decision
· FFS: Whether NACK should be transmitted and under what conditions.
· The UE is not expected to transmit the HARQ-ACK before the TA is applied.

Agreements:
· For a downlink PDSCH transmission with the corresponding PDCCH addressed to C-RNTI in response to a MsgA with C-RNTI, the HARQ-ACK response to the downlink transmission can include at least ACK.
· FFS: Whether NACK should be transmitted and under what conditions.

Agreements:
The above agreements are updated as follows:
· For a downlink PDSCH transmission with the corresponding PDCCH addressed to C-RNTI in response to a MsgA with C-RNTI, the HARQ-ACK response to the downlink transmission can include ACK or NACK.
· In case of ACK, if downlink PDSCH includes TA MAC CE and the time alignment timer is not running, the UE is not expected to transmit the PUCCH before for the TA is applied.
· A UE can send a NACK only if it time alignment timer is running.

Agreements:
· For each UE, the TPC command of the PUCCH resource containing HARQ feedback for MsgB is indicated by PDSCH of MsgB when the corresponding PDCCH is scrambled by MsgB-RNTI.
· The TPC command is 2-bits
· FFS whether or not to have special handling for the first UE or when there is only one UE in the Msg B PDSCH

Agreements:
For MsgA Tx beam selection in the same MsgA transmission instance:
· The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).

Agreements:
For separately configured ROs, the parameter ssb-perRACH-OccasionAndCBPreamblesPerSSB configures the number of SSBs per RO, and number of contention-based preambles for each SSB. If this parameter is not configured, the corresponding 4-step RACH parameter is used for 2-step RACH.

Agreements:
For shared ROs, the parameter msgA-CB-PreamblesPerSSB configures the number of contention-based 2-step RACH preambles per SSB.

Agreements:
For 2-step RACH in separate ROs, the following parameters (prach-RootSequenceIndex, zeroCorrelationZoneConfig, restrictedSetConfig), are separately configured for 2-step RACH. If absent, reuse the corresponding 4-step RACH parameters.

Agreements:
For 2-step RACH in separate ROs, the parameter totalNumberOfRA-Preambles can be separately configured. If the configuration is absent, all 64 preambles are available for 2-step RA.

Agreements:
· For CA/DC, MsgA PRACH in Pcell has the same power reduction priority as Msg1 PRACH in Pcell.
· FFS: Support of MsgA in Scell
· FFS: Power reduction priority for MsgA PUSCH

Agreements:
· For 2-step RACH, no new CORESET for MsgB is defined.

Agreements:
· (Working assumption) For the PDCCH associated with MsgB, MsgB is received on the ra-SearchSpace.
· In the reply LS to RAN2, adding “Up to RAN2 to decide whether or not to use RNTI to differentiate Msg 2 vs. Msg. B, for which RAN1 respectfully requests RAN2 to inform RAN1 the decision once made”. 

Agreements:
UEs in CONNECTED state use UE specific search space, or common search space to receive the PDCCH associated with MsgA response and with CRC scrambled by the C-RNTI.
Agreements:
· The UL grant in MsgB fallbackRAR for transmitting the MsgA PUSCH payload in a Msg3 follows the uplink grant content of the 4-step RAR.
· FFS: need for “csi request”.

Agreements:
For 2-step RACH, down-select from the two alternatives for PUCCH resource set for the MsgB HARQ-ACK
Alt1: For 2-step RACH uses the PUCCH resource set indicated by pucch-ResourceCommon.
· FFS: Whether and how to increase the number of resources in a PUCCH resource set.
Alt2: For 2-step RACH, a separate configuration indicates the PUCCH resource set, if absent use pucch-ResourceCommon.
Email discussion agreement:
[image: ]
Agreements:
For the PUCCH Resource index used for the HARQ-ACK feedback of a user that finds its contention resolution ID in the successRAR with a PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI, down-select the following alternatives:
· Alt1: PUCCH Resource Index is only signalled explicitly in the successRAR
· Number of bits used to indicate PUCCH resource index is [FFS 3 or 4] bits.
Alt2: PUCCH Resource Index is determined implicitly based on a reference PUCCH resource index derived from the DCI as in release 15 and UE-based implicit rule.
· FFS: Use 1-bit of reserved DAI instead of CCE start index.
· Alt3: PUCCH resource index is determined based on a reference PUCCH resource index derived from DCI as in release 15 and UE-based offset value indicated in the successRAR.
Agreements:
The PUCCH Time resource “PDSCH-to-HARQ_feedback timing indicator”, in unit of slot, used for the HARQ-ACK feedback of a user that finds its contention resolution ID in the successRAR with a PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI down-select from the following alternatives:
· Alt1: PDSCH-to-HARQ_feedback timing indicator is only signalled in the successRAR
· Number of bits used to indicate the PDSCH-to-HARQ_feedback timing indicator is 3 bits.
· Alt2: A single PDSCH-to-HARQ_feedback timing indicator is used as indicated in the MsgB DCI
· Alt3: The PDSCH-to-HARQ_feedback timing indicator is determined implicitly
· FFS: Implicit determination rule.
· Alt4: PDSCH-to-HARQ_feedback timing indicator is signalled by the DCI and UE-based offset value indicated in the successRAR.
Agreements:
· Aperiodic CSI report is not included in MsgA
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