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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 [8].

In RAN1#96 [2], 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 this contribution we discuss the 2-step RACH procedure, considering the following aspects:
· Overview of the 2-step RACH procedure
· MsgA content
· MsgA time alignment
· MsgB content
· MsgB HARQ Operation
· Power control
· Beam management
· 4-step RACH fall-back
[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 [4]. 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 [4].



[bookmark: _Ref534728109]Figure 2: 2-Step RACH procedure.
2.2			MsgA Content
As shown in Figure 2, the MsgA in the 2-step RACH procedure includes a preamble signal and a data signal. The preamble sequence uses the 4-step RACH preamble designed in release 15 NR [5]. According to the WID [1]:
· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1)
· Inclusion of UCI in msgA is not precluded


The MsgA data signal can potentially include several fields depending on the use case and trigger for the RACH procedure:
· Unique ID in order to allow for contention resolution in MsgB. The ID might be different for the different 2-step RACH use cases [2]. For example, for state transition and/or data transmission in RRC IDLE/INACTIVE states, the ID can be the UE transmitted RRC message (or part of it) which is regarded as “UE Contention Resolution Identity” in MAC, which is 48 bits long. For data transmission in the RRC CONNECTED state, the ID can be the C-RNTI MAC CE, which is 16 bits long + MAC subheader;
· RRC connection/resume request (which includes the Unique ID above);
· BSR/PHR;
· Data payload. According to WID [1]: “UP data transmission in RRC_CONNECTED mode as in Rel-15 NR is supported”.
The presence and the size of each field depends on the use case as well as on the available size of the PUSCH carrying MsgA, hence the total size of MsgA could vary depending of the use case and available resources. According to our companion RAN2 Tdoc [9], the payload minimum size of MsgA is 56/72 bits. The maximum size is unbounded and is left for RAN1 to determine.
[bookmark: _Hlk534894234]Observation 1: The size of MsgA is use case dependent, depending on the fields making up MsgA and the size of each field for each use case.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Proposal 1: Study the maximum allowed MsgA payload size.
2.3	MsgA Time Alignment 
According to the WID [1], the following assumptions are made in 2-step RACH in regard to Time Alignment (TA):
	-	2-step RACH shall be able operate regardless of whether the UE has valid TA or not.
-	2-step RACH is applicable to any cell size supported in Rel-15 NR;



The 2-step RACH is required to operate regardless of whether the UE has a valid Time Alignment (TA) or not; and should be applicable to any cell size supported in Rel-15 NR [1].
The 2-step RACH procedure does not support TA adjustment for the transmission of its MsgA payload part. The reason being that for this alignment to occur the gNB needs first to estimate the time misalignment (which in the 4-step RACH is based on the observed cyclic shift of the Zadoff-Chu sequence of the PRACH preamble) and then inform the UE (which in the 4-step RACH is realized with Msg2/RAR). As the MsgA is the first message that the UE transmits to the gNB, then the 4-step time alignment procedure is not applicable.
Observation 2: The 4-step TA mechanism is not applicable to the 2-step RACH.
In the absence of time alignment, the PUSCH resources assigned for the transmission of MsgA needs to be dimensioned to the worst-case time misalignment. This can be achieved with the following strategies:
· Further extended cyclic prefixes (which is excluded according with the WI description [1]); or
· Blanking several symbols at the end of the reserved resources for the PUSCH transmission.
The main consequence is the inefficient resource use, especially if 2-step RACH is to be supported in large cells. This in turns leads to less resources to be available for contention, which has severe impacts on the 2-step RACH procedure capacity in terms of the number of supported UEs.
Observation 3: If no TA mechanism is available, then the PUSCH resources reserved for MsgA need to be dimensioned to the worst-case time misalignment.
Proposal 2: Study mechanisms that allows the UE to operate towards the serving cell, without requiring explicit feedback from the network.
2.4			MsgB Content
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)

MsgB can include several fields depending on the type of data in MsgB whether it is for contention resoution or random access response:
For contention resolution:
· The detected unique ID for contention resolution. As described earlier, the size of the detected ID depends on the use case.
· User plane/control plane packets for DL communication.
For random access response:
· RAPID and possibly RO identifier
· Time advance field.
· C-RNTI for UE in IDLE/INACTIVE states transitioning to CONNECTED state.
· UL grant for Msg3 in case of fallback from 2-step RACH to 4-step RACH
Msg B can include contention resolution for some UEs and random access response for other UE [10]. Hence, the presence and the size of each field depends once more on the use case, and hence the total size of MsgB could vary. RAN2 input will be needed for content of MsgB and the size of some of the fields.
[bookmark: _Hlk534894254]Observation 4: The size of MsgB is use case dependent, depending on the fields making up MsgB and the size of each field for each use case.
Proposal 3: Study the allowed MsgB payload size considering MsgB content from RAN2 for the different 2-step RACH use cases.
We don’t see a need to include an UL grant in the MsgB payload for scheduling data packets right after the 2-step RACH procedure in MsgA is successfully detected and MsgB only contains a contention resolution message.
· For a UE in the RRC CONNECTED state, the UE already has a C-RNTI. Any transmissions from the UE after the 2-Step RACH procedure can be scheduled using an UL grant on the PDCCH addressed to the C-RNTI.
· For a UE in the RRC IDLE or RRC INACTIVE states, we propose that MsgB include a C-RNTI, that can be used for scheduling additional uplink transmissions by sending UL grants on PDCCH addressed to the C-RNTI.
Proposal 4: MsgB with contention resolution message doesn’t include UL grant field.
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.
In release 15, the TA granularity is based on the subcarrier spacing of the first UL transmission after the RAR. In 2-step RACH, there is already an uplink data transmission in MsgA, we propose that the TA granularity is based on the subcarrier spacing of the data transmission of MsgA.
Proposal 5: For timing advance in MsgB, the granularity of the TA is based on the subcarrier spacing of the data part of MsgA according to Table 1.
[bookmark: _Ref184074]Table 1: TA granularity for 2-step RACH.
	Subcarrier Spacing (kHz) of the msgA data part
	Unit 

	15
	16*64 Tc

	30
	8*64 Tc

	60
	4*64 Tc

	120
	2*64 Tc



In release 15 NR, the maximum TA command is 3846, which corresponds to a cell radius of 300 Km, with a subcarrier spacing of 15 KHz. As the data part of MsgA is not time advanced, when the maximum round trip delay in a cell exceeds the cyclic prefix (CP) duration, i.e. the delay difference between the earliest UE and the latest UE is larger than the CP, concurrent users are no longer orthogonal, and users in consecutive time resources overlap each other. A late arriving UE in a time resource can overlap the start of an early arriving UE in the following time resource. Leaving a gap between consecutive time resources can mitigate the overlap between consecutive transmissions, Table 2 gives the maximum cell radius with a 1 symbol gap to avoid interference between consecutive transmissions.

[bookmark: _Ref184856]Table 2: Maximum cell radius assuming a 1 symbol gap for MsgA.
	Subcarrier spacing of MsgA data part
	Symbol duration
	Maximum Cell Radius

	15 kHz
	66.7 usec
	10 km

	30 kHz
	33.3 usec
	5 km

	60 kHz
	16.7 usec
	2.5 km

	120 kHz
	8.33 usec
	1.25 km



Observation 5: With a one symbol gap between consecutive time resources for the data part of MsgA, consecutive transmissions from UEs in a cell of radius 10 km at 15 khz don’t overlap.
2.5	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 a for a UE in RRC_CONNECTED. 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 UE sends MsgB for contention resolution with a PDCCH that is scrambled by the C-RNTI. In this case, MsgB is unicast to one UE.
2. The 2-step RACH procedure is a 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 UE sends MsgB for contention resolution including the Contention Resolution Identity in the MsgB payload. 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]Observation 6: MsgB can be unicast to a single UE with the CRC of the PDCCH scrambled by the C-RNTI of that UE. MsgB can also be group cast to multiple UEs with the CRC of the PDCCH scrambled by a common RNTI that is monitored by multiple UEs.
In case of unicast traffic on MsgB, if the UE doesn’t successfully decode the MsgB data, the gNB retransmits the data using the HARQ procedure. The UE performs HARQ combining with the previous transmissions of the same HARQ process. When the UE receives the MsgB data successfully, it transmits a HARQ-ACK on a PUCCH resource. When the HARQ-ACK is received by the gNB, the gNB stops the HARQ retransmissions of MsgB. The PUCCH resource the UE uses for HARQ-ACK is based on the dedicated PUCCH resource configuration.
Observation 7: When MsgB is unicast to one UE, the regular HARQ procedure is used for sending the HARQ-ACK feedback to the gNB when MsgB is received successfully. The absence of HARQ-ACK at the gNB triggers HARQ retransmissions.
In case of groupcast traffic on MsgB, there are different ways to handle HARQ retransmissions of MsgB in case the data is not successfully received by one or more UEs:
1. MsgB is one-shot with no HARQ retransmissions. This is similar to the RAR handling in 4-step RACH, where the RAR is sent once after the preamble is detected. However, in case of 2-step RACH, overhead and latency is higher when the UE retransmits a MsgA that was successfully received by the network, but whose MsgB was not successfully received by the UE. Note that in this case, there is no need to design a HARQ-ACK feedback channel from the UE to the gNB.
2. MsgB is retransmitted a fixed number of times. In this case, there is also no HARQ-ACK feedback from the UE to the gNB. The number of HARQ retransmissions is designed to ensure reliability in the worst-case scenario. This leads to higher overhead on the downlink channels as the retransmission of MsgB continues even after MsgB has been received by all UEs.
[bookmark: _Hlk3815361]Observation 8: In case of a groupcast MsgB, if there is no HARQ-ACK feedback, from the UE to the gNB to indicate reception of MsgB, the design of the system is suboptimal in the sense that the overhead is higher for UL transmissions or for DL transmissions, and this could lead to longer latency.
3. [bookmark: _Hlk3815143]UEs successfully decoding MsgB send HARQ-ACK feedback to the gNB. gNB retransmits MsgB only with the payload (contention resolution identity) 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 HARQ combined with the previous transmission 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. 
4. UEs successfully decoding MsgB send HARQ-ACK feedback to the gNB. The gNB retransmits all of the payload of the previous 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 HARQ 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 9: 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 payload of the UEs from whom no HARQ-ACK feedback is received. There is a tradeoff between HARQ combining gain and single transmission coding gain.
Ideally, we would like the network to be able to dynamically adapt between options 3 and 4 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 a HARQ-ACK back 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, 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.

Proposal 6: Support HARQ combining for MsgB when it is groupcast to multiple UEs.
Proposal 7: The gNB can dynamically switch between retransmission of MsgB using the same payload as the previous MsgB transmission on that HARQ process or using only the payload of the UEs from which no HARQ-ACK is received.
2.5.1	PUCCH resource allocation for MsgB HARQ-ACK feedback
As described in section 2.5, a single groupcast MsgB can contain contention resolution ID of several UEs, the HARQ ACK (acknowledging the reception of the contention resolution message) resources for all the UEs should be unique for 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 signalled in RMSI through an index to a row of Table 9.2.1-1 in [6] 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 resources 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.
Proposal 8: In 2-step RACH, each UE determines a unique HARQ-ACK resource to feedback the HARQ-ACK status of MsgB.
There are various ways to uniquely determine the PUCCH resource when several UEs have data in a groupcast MsgB. Each scheme has different pros and cons. We discuss here various options:
1. DCI field is expanded to include multiple PUCCH resource indicators and/or PDSCH-to-HARQ_feedback timing indicator, one for each UE having its contention resolution identity in MsgB. While, this scheme seems straight forward to design, it increases the size of the DCI, and based on size constraints of the DCI places an upper limit on the number of UEs whose contention resolution identity can be placed in MsgB.
2. The DCI field provides the PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator of the first UE with contention resolution identify in MsgB. If there are other UEs with contention resolution identity in MsgB, the PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator are provided inside MsgB. This scheme doesn’t increase the size of the DCI but increases the size of MsgB.
3. The PUCCH resource is derived implicitly depending on the UE’s contention resolution identity position within MsgB as well as parameters related to the DCI scheduling MsgB (e.g. the starting CCE index of MsgB’s DCI, PUCCH resource indicator and/or PDSCH-to-HARQ_feedback timing, and higher layer parameters). This scheme doesn’t increase the size of the DCI scheduling MsgB or the size of MsgB.
Proposal 9: Study methods to uniquely determine the PUCCH resource for HARQ-ACK feedback when multiple UEs have contention resolution identities in MsgB.
2.6			Resource and link parameter configuration
The base station shall configure physical resources for data signal transmission. As described in section 2.2, the payload size of MsgA can vary depending on the use case scenario. The network can configure PUSCH resources for MsgA with different PUSCH resource allocations [3]. The alternatives for the association of the PUSCH resource and the preamble index are described in our companion contribution [3]. 
In RAN1#96 [2] three options are considered for sharing the PRACH resources between 2-step RACH and 4-step RACH:
1. Separate PRACH Occasions are configured for 4-step RACH and 2-step RACH.
2. A PRACH Occasion can be shared for 4-step RACH and 2-step RACH, however different preamble indices are configured for 4-step RACH and 2-step RACH.
3. A PRACH Occasion and preamble index can be shared for 4-step RACH and 2-step RACH.
In the first 2 options, when the gNB detects a preamble it can determine if this preamble is for a 4-step RACH random access procedure or for a 2-step RACH random access procedure based on the PRACH Occasion or the preamble index. If the preamble is for 4-step random access procedure, the gNB can directly transmit the RAR in the first PDCCH CORESET associated with the type-1 common search space after detecting the preamble. If the preamble is for 2-step random access procedure, the gNB attempts to receive the MsgA PUSCH part before transmitting a response to the UE.
In the third option, the PRACH Occasion and preamble index are shared between 4-step RACH and 2-step RACH. Upon detecting a preamble, the gNB can’t determine if this is for a 4-step random access procedure or for a 2-step random access procedure. The gNB proceeds to the reception of the MsgA PUSCH part, and depending on the outcome of this detection procedure, it can decide a contention resolution message to the UE (if the MsgA PUSCH part is successfully decoded) or to send a RAR with an uplink grant if MsgA PUSCH part is not decoded successfully. In the latter case, the gNB would not know for certainty if the UE attempted a 4-step RACH procedure or a 2-step RACH procedure, the gNB can use an energy detector to determine if there was a MsgA PUSCH part corresponding to the receive preamble, but there will be the issue of the reliability of such a detector.
The main complication that arises for having a shared PRACH Occasion and preamble index for 4-step RACH and 2-step RACH is that in case the UE triggered a 4-step RACH procedure the gNB delays the transmission of the RAR until it has received and attempted to decode the would-be MsgA PUSCH part associated with the preamble had this been a 2-step random access procedure. In 4-step RACH, the size of the RAR window is a maximum of 10ms. “The window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set”[6]. This reduces the size of the RAR window significantly, and accordingly, the number of PDCCH monitoring occasions available for RAR transmission.
Proposal 10: Sharing the PRACH Occasions and preamble indices between 4-step RACH and 2-step RACH is not supported.
The network can configure the PRACH occasion to be shared between 4-step RACH and 2-step RACH (option 2). In this case, a set of preamble indices is used for the 4-step RACH procedure, while a different mutually exclusive set of preamble indices is used for the 2-step RACH procedure. The advantage of this scheme is to reduce the PRACH occasion overhead. Alternatively, the network can configure the PRACH occasion to be used exclusively by the 2-step RACH (option 1). The network should have the flexibility to configure option 1 or option 2 depending on the 4-step RACH and 2-step RACH arrival rates, the desire collision rate for each procedure and the amount of resources available for PRACH. 
Proposal 11: When a PRACH occasion is shared between 2-step and 4-step RACH procedures, the preamble indices for the 4-step RACH procedure are unique from those of the 2-step RACH procedure.
Proposal 12: For a PRACH occasion that contains 2-step RACH preambles, the following PRACH preamble configurations are supported:
· The PRACH preambles are divided between the 4-step PRACH procedure and 2-step PRACH procedure
· All PRACH preambles are allocated to the 2-step RACH procedure
In addition to the MsgA PRACH resources, the amount of resources for the MsgA PUSCH part should be carefully configured to fulfil low collision rate while at the same time ensuring that the gNB does not need to allocate excessive UL resources for. The impact of the amount of MsgA PUSCH part resource reservation on the probability of collision and subsequently latency is described in our companion contribution [7].
The 2-step RACH MsgA is configured by the SIB. This includes configuration of the PRACH occasions and preamble indices used for the preamble part of MsgA and configuration of the PUSCH resources used for the data part of MsgA. The UE randomly selects a preamble sequence for transmission and transmits the data signal in the associated data resource. Furthermore, the parameters of the reference signals for the data demodulation, such as the DMRS port, could be derived by the selected preamble sequence as described in our companion contribution [3].
Proposal 13: MsgA configuration is provided to the UE by System Information.
2.7		2-Step RACH Power control 
The power control in 2-step RACH should consider:
· The power offset between the MsgA PRACH preamble and the MsgA PUSCH transmission;
· The 2-step power ramping of the MsgA PRACH preamble;
· The fall back to 4-step and the associated PRACH preamble power ramping.
Proposal 14: The power control in 2-step RACH should consider 2-step power ramping, power offset between the MsgA preamble and the data transmission and the fall back to 4-step.
The power of MsgA data part, , relative to the power of the preamble, , can be given:

Where,
·  is a fixed offset that is broadcast in the SIB. This offset can implicitly include compensation for difference in subcarrier frequency between the preamble and data part of MsgA, as well as the impact of the preamble format (e.g. number of preamble sequence repetitions).
·  is the offset due to the number of allocated PRBs ( to the data part of MsgA.
·  is an offset that depends on the transport format used.
Proposal 15: For the initial transmission, the power of MsgA data part relative to the power of the preamble is given by:

[bookmark: _Hlk191842]If the network doesn’t receive the preamble transmitted by the UE, as indicated in the MsgB reply to the UE (or lack thereof), 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).  is broadcast in the SIB.
Proposal 16: If the UE doesn’t receive 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).
If the network receives the preamble transmitted by the UE, but doesn’t receive the data part of MsgA, as indicated in the MsgB reply to the UE, and if the UE retransmits MsgA using the same spatial filter, the UE keeps the same power of the MsgA preamble and increments the power of MsgA data by .  is broadcast in the SIB.
Proposal 17: If the network receives the preamble transmitted by the UE, but doesn’t receive the data part of MsgA, as indicated in the MsgB reply to the UE, and if the UE retransmits MsgA using the same spatial filter, the UE keeps the same power of the MsgA preamble and increments the power of MsgA data by .
The number of power ramping or retransmission attempts should be limited to  attempts, after which the UE falls back to 4-step power ramping. The fall back 4-step power ramping should be limited to  attempts, after which the UE stops its RACH procedure and attempts cell reselection. The . The fallback 4-step power ramping increase between attempts is given by Δ4-step-fallback. Between the 2-step preamble and the fallback 4-step preamble an offset Δ2-step-to-4-step-fallback should be considered. The  and  and Δ2-step-to-4-step-fallback parameters are broadcast in the SIB. The proposed power ramping procedure is illustrated in Figure 5.
[image: ]
[bookmark: _Ref4414099]Figure 5 - 2-step power ramping and the fallback 4-step power ramping.
Proposal 18: The UE should fall back to 4-step power ramping, if it has already performed  power ramping or retransmission attempts. After which, the UE can perform additional  access attempts, each with increasing power given by Δ4-step-fallback.

2.8		2-Step RACH Beam Management
In RAN1#96 [2], 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,
Observation 10: The data part of MsgA has less coverage than the preamble part of MsgA. Data part of MsgA suffers 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 the time domain resources needed. In this case more PRACH resources, resulting in significant system overhead.
Observation 11: 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 19: 2-Step RACH supports beam refinement when receiving the data part of MsgA.
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: _Ref453611]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 20: 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: _Ref454413]Figure 7: Procedure for transmitting and receiving the preamble and data part of MsgA using a refined beam for the data part.
2.9		4-step RACH fall back 
For 2-step RACH procedure, due to the possible collisions between MsgA signals from different UEs, it is beneficial to allow fall back to the 4-step RACH procedure. As mentioned in the WID [1]:
· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)


For example, consider the case when the gNB detects a preamble, but is unable to decode the MsgA data because of a collision. Different 2-step to 4-step fall back mechanisms can be considered: 
· From the gNB point of view, the MsgA preamble detected in this 2-step RACH procedure is actually the same as that in 4-step RACH, where only the preamble is transmitted and detected. The gNB can then use 4-step RACH in the following steps, and send MsgB to the UE, indicating the detected preamble ID, the allocated temporary UE-ID, and timing advance (if needed). Msg3 and Msg4 will follow the regular 4-step RACH procedure.
· Alternatively, the gNB can indicate to the UE to start a 4-step RACH procedure, by sending a new 4-step related preamble.
The processing performed at the gNB after receiving MsgA depends on the result of decoding MsgA, and type of fall back scheme, if any, when MsgA decoding fails. If MsgA decoding is successful, the gNB generates MsgB including, among other fields, the contention resolution ID extracted from MsgA. If MsgA decoding fails, the 2-step RACH procedure can fall back to 4-step RACH, and the gNB sends a RAR to the UE, or a signal to trigger the UE to start a new 4-step RACH procedure. The amount of processing and according the latency to send back Msg2 or MsgB can be different. 
Observation 12: The response time for MsgB, Msg2, or a signal that triggers 4-step RACH can be different leading to different reception windows at the UE.
[bookmark: _Hlk534894313]Proposal 21: Study different options for having the gNB direct the UE to fall back from the 2-step RACH procedure to the 4-step RACH procedure when the preamble is detected by the gNB but the MsgA data signal is not detected.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]3	Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]We have the following observation and proposal on the MsgA content of the 2-step RACH procedure, 
Observation 1: The size of MsgA is use case dependent, depending on the fields making up MsgA and the size of each field for each use case.
Proposal 1: Study the maximum allowed MsgA payload size.
Observation 2: The 4-step TA mechanism is not applicable to the 2-step RACH.
Observation 3: If no TA mechanism is available, then the PUSCH resources reserved for MsgA need to be dimensioned to the worst-case time misalignment.
Proposal 2: Study mechanisms that allows the UE to operate towards the serving cell, without requiring explicit feedback from the network.
We have the following observations and proposals on the MsgB content of the 2-step RACH procedure, 
Observation 4: The size of MsgB is use case dependent, depending on the fields making up MsgB and the size of each field for each use case.
Proposal 3: Study the allowed MsgB payload size considering MsgB content from RAN2 for the different 2-step RACH use cases.
Proposal 4: MsgB with contention resolution message doesn’t included UL grant field.
Proposal 5: For timing advance in MsgB, the granularity of the TA is based on the subcarrier spacing of the data part of MsgA according to Table 3.
[bookmark: _Ref1132805]Table 3: TA granularity for 2-step RACH.
	Subcarrier Spacing (kHz) of the msgA data part
	Unit 

	15
	16*64 Tc

	30
	8*64 Tc

	60
	4*64 Tc

	120
	2*64 Tc



Observation 5: With a one symbol gap between consecutive time resources for the data part of MsgA, consecutive transmissions from UEs in a cell of radius 10 km at 15 khz don’t overlap.
Observation 6: MsgB can be unicast to a single UE with the CRC of the PDCCH scrambled by the C-RNTI of that UE. MsgB can also be group cast to multiple UEs with the CRC of the PDCCH scrambled by a common RNTI that is monitored by multiple UEs.
Observation 7: When MsgB is unicast to one UE, the regular HARQ procedure is used for sending the HARQ-ACK feedback to the gNB when MsgB is received successfully. The absence of HARQ-ACK at the gNB triggers HARQ retransmissions.
Observation 8: In case of a groupcast MsgB, if there is no HARQ-ACK feedback, from the UE to the gNB to indicate reception of MsgB, the design of the system is suboptimal in the sense that the overhead is higher for UL transmissions or for DL transmissions, and this could lead to longer latency.
Observation 9: 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 payload of the UEs from whom no HARQ-ACK feedback is received. There is a tradeoff between HARQ combining gain and single transmission coding gain.
Proposal 6: Support HARQ combining for MsgB when it is groupcast to multiple UEs.
Proposal 7: The gNB can dynamically switch between retransmission of MsgB using the same payload as the previous MsgB transmission on that HARQ process or using only the payload of the UEs from which no HARQ-ACK is received.
Proposal 8: In 2-step RACH, each UE determines a unique HARQ-ACK resource to feedback the HARQ-ACK status of MsgB.
Proposal 9: Study methods to uniquely determine the PUCCH resource for HARQ-ACK feedback when multiple UEs have contention resolution identities in MsgB.
We have the following proposals on the configuration of the 2-step RACH procedure, 
Proposal 10: Sharing the PRACH Occasions and preamble indices between 4-step RACH and 2-step RACH is not supported.
Proposal 11: When a PRACH occasion is shared between 2-step and 4-step RACH procedures, the preamble indices for the 4-step RACH procedure are unique from those of the 2-step RACH procedure.
Proposal 12: For a PRACH occasion that contains 2-step RACH preambles, the following PRACH preamble configurations are supported:
· The PRACH preambles are divided between the 4-step PRACH procedure and 2-step PRACH procedure
· All PRACH preambles are allocated to the 2-step RACH procedure
Proposal 13: MsgA configuration is provided to the UE by System Information.
We have the following proposals on the power control of the 2-step RACH procedure, 
Proposal 14: The power control in 2-step RACH should consider 2-step power ramping, power offset between the MsgA preamble and the data transmission and the fall back to 4-step.
Proposal 15: For the initial transmission, the power of MsgA data part relative to the power of the preamble is given by:

Proposal 16: If the UE doesn’t receive 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 17: If the network receives the preamble transmitted by the UE, but doesn’t receive the data part of MsgA, as indicated in the MsgB reply to the UE, and if the UE retransmits MsgA using the same spatial filter, the UE keeps the same power of the MsgA preamble and increments the power of MsgA data by .
Proposal 18: The UE should fall back to 4-step power ramping, if it has already performed  power ramping or retransmission attempts. After which, the UE can perform additional  access attempts, each with increasing power given by Δ4-step-fallback.
We have the following observations and proposals on the beam management of the 2-step RACH procedure, 
Observation 10: The data part of MsgA has less coverage than the preamble part of MsgA. Data part of MsgA suffers a higher collision rate than the preambles of MsgA.
Observation 11: Using narrow beams can improve coverage and reduce the probability of collision at the expense of higher system overhead.
Proposal 19: 2-Step RACH supports beam refinement when receiving the data part of MsgA.
Proposal 20: 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.
We have the following observation and proposal on the fall back to 4-step RACH, 
Observation 12: The response time for MsgB, Msg2, or a signal that triggers 4-step RACH can be different leading to different reception windows at the UE.
Proposal 21: Study different options for having the gNB direct the UE to fall back from the 2-step RACH procedure to the 4-step RACH procedure when the preamble is detected by the gNB but the MsgA data signal is not detected.
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