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Discussion
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 on NR-based access to unlicensed spectrum [7].
In RAN1#86 meeting, it was agreed that [2],

· RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is at least assumed for NR from RAN1 perspective

· Simplified RACH procedure, e.g., Msg. 1 (UL) and Msg. 2 (DL), should be further studied

· Details on Msg. 1 and Msg. 2 are FFS

· Study should include comparison with the above procedure (first bullet)

In RAN1#86bis meeting, it was agreed that [3],

· RAN1 is studying and some companies see potential benefits of a simplified RACH procedure consisting of two main steps (Msg1 and Msg2) for UEs

· RAN1 has discussed the following: 

· The use of a UE identity in Msg 1

· Msg 2: RA response that is addressed to the UE identity in Msg 1

· FFS on the definition and choice of the UE identity
· FFS on the applicability scenarios of simplified RACH procedure 
· RAN1 to send LS to RAN2

· RAN1 is aware that RAN2 is also studying the RACH procedure and RAN1 would like to inform RAN2 to take the above into considerations and would like to request any feedback on UE identities and associated procedure and also ask the corresponding applicable scenarios
In RAN1#AdHoc NR1, the 2-step RACH was placed on hold during the release 14 NR SI [5]:

Conclusions:

· RAN1 point of view, further study is needed for 2-step RACH

· RAN1 has no plan to spend 2-step RACH in Rel-14 SI timeframe

When 2-step RACH was discussed in RAN2 in the context of NR-U SI, the following agreements were reached and captured in TR 38.889 [8]:

For 2-step RACH, the msgA is a signal to detect the UE and a payload while the second message is for contention resolution for CBRA with a possible payload. msgA will at least include the equivalent information which is transmitted in msg3 for 4-step RACH. 

NOTE: Further input from RAN1 will be needed for the payload size of msgA.

As a baseline, all the triggers for 4-step RACH are also applicable to 2-step RACH; however further analysis is needed on SI request and BFR as well as how timing advance and grants can be obtained for msgA. 

The contention resolution in 2-step RACH will be performed by including a UE identifier in the first message which is echoed in the second message. The type of UE identifier(s) is FFS.

Fall-back from 2-step RACH to 4-step RACH will be supported. The fallback after msgA transmission is feasible only if detection of the UE without the decoding of the payload is possible and thus relies on such support at the physical layer. 

If 2-step RACH is used for initial access, the parameters for 2-step RACH procedure including resources for msgA will be broadcasted.

NOTE: 2-step RACH if applied to licensed operation would not take into account LBT.
In this contribution we discuss the 2-step RACH procedure.
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 [6]. In two-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.
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Figure 1: 4-Step Contention-Based Random Access Procedure [6].
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Figure 2: 2-Step RACH procedure.
In release 15 NR, the RACH procedure is triggered (among others) when UL data comes to UE buffer and UE is either in:
· RRC IDLE/INACTIVE state, where the RACH procedure is triggered for state transition; 

· RRC connected state but UL is unsynchronized, where the RACH procedure is used to re-establish UL synchronization;
· RRC connected state but UE has no PUCCH resources available for SR or the SR procedure fails, the RACH procedure serves as a scheduling request.

Additionally, the RACH procedure is used, e.g., for BFR (Beam Failure Recovery), on-demand SI (System Information) request, or it can be explicitly triggered by the NW with RRC (for handover) or PDCCH order (for DL data arrival or STAG synchronization). 

If following the release 15 NR based procedure, data will not be transmitted until the RACH procedure is completed. Based on that, it is observed that for small packet transmission, 4-step RACH is not efficient in terms of high latency and high DL/UL signalling steps before data transmission. 2-step RACH is therefore proposed in [1]. This shortened RACH procedure contains less signalling steps and may achieve lower latency and, in some cases, lower signalling overhead. 
It is possible to allow Msg3 in 4-step RACH to carry the data payload in order to reduce the latency and overhead. However even with such, 4-step RACH still needs more signalling exchange and hence more latency than that of 2-step RACH. Table 1 and Table 2 provide the number of TTIs for transmitting a short packet using 4-step RACH and 2-step RACH, respectively. It is assumed that the data payload is one-shot transmitted in each procedure. For 4-step RACH, the data payload is carried in Msg3, while for 2-step RACH, it is transmitted in MsgA. From the calculation, it is observed that 2-step RACH achieves ~43% latency reduction over 4-step RACH. It should be noted that these latencies are evaluated under the assumption of unlimited uplink resources, perfect channel conditions and no collisions. 
Table 1: Latency required for transmitting a short packet using 4-step RACH
	Component
	Description for 4-step RACH
	No. of TTIs

	1
	Waiting for preamble occurrence
	2.5

	2
	Preamble transmission
	1

	3
	Waiting for Msg2 from a response window
	6

	4
	Msg2 transmission
	1

	5
	Msg2 decoding
	3

	6
	Schedule Msg3 
	1

	7
	Decoding the scheduling
	3

	8
	Msg3 transmission (including data payloads)
	1

	9
	Decoding Msg3
	3

	10
	Msg4 transmission
	1

	11
	Msg4 decoding
	3

	
	Total delay
	25.5


Table 2: Latency required for transmitting a short packet using 2-step RACH
	Component
	Description for 2-step RACH
	No. of TTIs

	1
	Waiting for preamble occurrence
	2.5

	2
	MsgA transmission (preamble + data)
	2

	3
	Waiting for MsgB from a response window
	6

	4
	MsgB transmission
	1

	5
	MsgB decoding
	3

	
	Total delay
	14.5


As for the DL control signalling and overhead, it is observed from the table that there are 3 DCIs involved in the 4-step RACH procedure while only 1 DCI is required in 2-step RACH. Based on these, we have the following observation:
Observation 1: The 4-step RACH has more latency and more DL overhead for transmitting a small packet than the 2-step RACH when considering unlimited UL resources, perfect channel conditions and no collisions. 
MsgA consists of two parts, according to the WID [1]: “PRACH Preamble and PUSCH in a msgA is TDMed”. The preamble is used for UE detection, allowing the network to prepare for the reception of the corresponding PUSCH message. In release 15 NR, up to 64 preambles are mapped to one PRACH occasion. The preambles are orthogonal, or quasi-orthogonal, allowing the network to receive multiple preambles (from different UEs) in the same PRACH occasion. If all the preambles are mapped to a PUSCH in the same time-frequency occasion, as shown in the left most part of Figure 3, and more than one preamble is detected, the PUSCH transmissions of the detected preambles overlap in time and frequency increasing the probability of failed PUSCH decoding. Alternatively, each preamble, or subset of preambles, is mapped to a PUSCH in a unique time frequency resource. This reduces the probability of failed PUSCH decoding due to collision but increases the 2-step RACH physical layer overhead in the uplink significantly.
Observation 2: There is a trade-off between the probability of 2-step RACH PUSCH collision and UL physical resource overhead for 2-step RACH.
The trade-off between reduced latency and UL physical resource overhead with 2-step RACH has also been highlighted during the NR-U study item phase, see e.g. the results in [9]. 
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Figure 3: Preamble Index to PUSCH mapping
2.2


2-step RACH details
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 [7]. According to the WID [1]:


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. For instance, the required minimum MsgA size could differ for RRC CONNECTED UE compared to RRC IDLE/INACTIVE UE. RAN2 input will be needed for exact content of MsgA and especially the corresponding size of each required field.
Observation 3: The size of MsgA is use case dependent, depending on the content of MsgA for each use case.

Proposal 1: Study the allowed MsgA payload size considering MsgA content from RAN2 for the different 2-step RACH use cases.

The MsgB in the 2-step RACH procedure is the combined random access response and contention resolution. According to the WID [1]:


MsgB can include several fields:

· The detected unique ID for contention resolution. As described earlier, the size of the detected ID depends on the use case.

· Time advance field.

· UL grant for scheduling the data packets right after the RACH procedure.
· Small user plane/control plane packets for DL communication.

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.

Observation 4: The size of MsgB is use case dependent, depending on the content of MsgB for each use case.

Proposal 2: Study the allowed MsgB payload size considering MsgB content from RAN2 for the different 2-step RACH use cases.

Proposal 3: Study the size of the time advance field and UL grant field of Msg B.

Release 15 NR RAR is based on scheduling, and contains responses for one or multiple UEs, depending on how many PRACH preamble sequences are detected in the same PRACH occasion. The RAR is sent in a subframe within a predefined time window. For 2-step RACH, a similar kind of response could be reused. Alternatively, since for 2-step RACH cases like state transition and data transmission, there is a pre-allocated UE-ID, it is possible to use the UE specific control channel to transmit the random access response. 

Proposal 4: Study various options for 2-step RACH MsgB transmission.
2.3


Resource and link parameter configuration
The base station shall configure physical resources for data signal transmission. The frequency resources for preamble transmission can be configurable and potentially be shared by 2-step and 4-step RACH procedure, or can be configured by cell through e.g., broadcast signalling. The amount of resources for MsgA data signal transmission shall 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 this. 

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 cyclic shift and OCC, etc., could be derived by the selected preamble sequence.
In addition, the UE may potentially be allowed to decide the link parameters for MsgA data transmission, e.g., MCS, payload size and the resource size. In order to achieve a certain level of flexibility, the base station could configure a set of MCS, payload size, and/or a set of transmission granularities to the UE. Based on the configuration, the UE selects a MCS, payload size and/or a transmission granularity for MsgA transmission. The selected MCS, payload size, and/or transmission granularity can be indicated:

· In a separately encoded control channel or blind detected in the base station, or
· Implicitly indicated based on the preamble index used by the UE. 
Proposal 5: The resources and link parameters for MsgA preamble and data signal transmission are configured by the base station. The UE might do further selection based on the configuration.
Proposal 6: Study methods for the UE to indicate to the network the parameters (e.g. MCS, payload size and the resource size, etc.) used for the transmission of the payload of MsgA in case the UE is allowed flexibility for transmission of data. 
2.4

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]:


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.
Proposal 7: 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.
3
Conclusion
We have the following observations and proposals on the random access principles for the 2-step RACH, 
Observation 1: The 4-step RACH has significantly more latency and more DL overhead for transmitting a small packet than the 2-step RACH when considering unlimited UL resources, perfect channel conditions and no collisions. 
Observation 2: There is a trade-off between the probability of 2-step RACH PUSCH collision and UL resource overhead for 2-step RACH.
Observation 3: The size of MsgA is use case dependent, depending on the content of MsgA for each use case.

Proposal 1: Study the allowed MsgA payload size considering MsgA content from RAN2 for the different 2-step RACH use cases.
Observation 4: The size of MsgB is use case dependent, depending on the content of MsgB for each use case.

Proposal 2: Study the allowed MsgB payload size considering MsgB content from RAN2 for the different 2-step RACH use cases.

Proposal 3: Study the size of the time advance field and UL grant field of Msg B.
Proposal 4: Study various options for 2-step RACH MsgB transmission,
Proposal 5: The resources and link parameters for MsgA preamble and data signal transmission are configured by the base station. The UE might do further selection based on the configuration.
Proposal 6: Study methods for the UE to indicate to the network the parameters (e.g. MCS, payload size and the resource size, etc.) used for the transmission of the payload of MsgA in case the UE is allowed flexibility for transmission of data. 
Proposal 7: 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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