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[bookmark: _Ref178064866]1	Introduction
A 2-step RACH work item has been approved in RAN1 #82 plenary meeting[1], where completing the initial access in only two steps (message A and B, in short, called msgA, msgB respectively) as illustrated in Figure 1 is in the scope. 
The first steps of cell searching procedure via detecting SSB and system information is same as NR release 15. But then follows only two steps in order to minimize the number of channel accesses (which is important for e.g. operation in unlicensed frequency bands where listen before talk must be performed before transmission).
Step 1: UE sends a msgA including random access preamble together with higher layer data such as RRC connection request possibly with some small additional payload on PUSCH;
Step 2: The gNB sends msgB including UE identifier assignment, timing advance information, and contention resolution message etc.

[bookmark: _Ref470181896][image: ]
Figure 1. A two-step random access procedure

In 2-step RACH for NR WID[1], following objectives are considered:
· Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)
· Only reuse the Rel-15 NR PRACH Preambles design. 
· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA)
· No new CP length and no sub-PRB guard subcarrier(s)
Note 1: The above sub-bullet is to ensure that signal structure optimizations for any specific cell size (e.g. cells with RTT larger than Rel-15 PUSCH CP duration) are not pursued.
· Specify the mapping between the PRACH preamble and the time-frequency resource of PUSCH in msgA+ DMRS
· PRACH Preamble and PUSCH in a msgA is TDMed
· Specify the supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA
· Consider the msgA payload contents determined by RAN2
· Specify power control of PUSCH of msgA
· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)

And following topics are discussed in this paper to address some of the objectives mentioned above: time frequency resource allocation of PUSCH for msgA, 2-step/4-step random access type determination, power control of msgA.
[bookmark: _Hlk534210292]2	Time frequency resource allocation of PUSCH
The frequency domain resource allocation of msg3 is indicated in RAR message by a 14-bit “PUSCH frequency resource allocation” field, which is analysed based on the rules defined in section 8.3 of 3GPP TS38.213 V15.4.0.
In the time domain, a 4-bit “PUSCH time resource allocation” is included in RAR message to indicate a row index of a time domain resource allocation table in which a lot offset relative to the slot with RAR, PUSCH mapping type, start symbol and the number of symbols are provided.
Table 8.2-1 in 38.213 V15.4.0: Random Access Response Grant Content field size
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	PUSCH frequency resource allocation
	14

	PUSCH time resource allocation
	4

	MCS
	4

	TPC command for PUSCH
	3

	CSI request
	1



As there’s no msg2 to schedule msgA in 2-step random access, the time and frequency domain resource of the PUSCH in msgA needs to be determined. One approach is to associate the PUSCH resource to the PRACH occasion. One PRACH occasion can be mapped to a set of PUSCH resources corresponding to a set of PRACH preambles in this PRACH occasion. 
The PUSCHs are TDM-ed with the PRACH occasion according to the WID of 2-step RACH, and the PUSCHs may be multiplexed in an FDM or a TDM manner.
The set of PUSCH resources associated to one PRACH occasion can also be only one time frequency resource which can be used for transmission of all the PUSCHs with corresponding preambles transmitted in that PRACH occasion. In this case, different DMRS ports and/or DMRS scrambling can be used by the PUSCHs transmitted on the same time frequency resource. An association between DMRS and RACH preamble might be needed to determine whether a msgA or a msg1 is detected by gNB.
[bookmark: _Toc1162283][bookmark: _Toc1162386][bookmark: _Toc1162387]The time and frequency domain resource of the PUSCH in msgA should be associated to the PRACH occasion. The PRACH preambles in a PRACH occasion can be associated to a set of PUSCH resources and/or the DMRS resources. Details of the associations can be further studied.
Whether frequency hopping is enabled or not will also affect the frequency domain resource allocation, so frequency hopping of PUSCH in msgA should be determined either to be fixed value, e.g. frequency hopping is always enabled or disabled for PUSCH in msgA in 2-step RA; or it can be signalled in SIB1.
[bookmark: _Toc1162388]Further study whether frequency hopping should be supported for the PUSCH for msgA and how to signal the hopping flag if needed.
As is known from the Table 6.1.2.1.1-1 in 38.214 V15.4.0, either a default table or a SIB1 configured table can be used to define a time domain resource allocation for PUSCH for msg3. A similar method can be used to implement some reserved PUSCH resources corresponding to the PRACH occasion, but with the row index of the time domain resource allocation table determined by the preamble.
Whether new tables should be defined or the tables for msg3 can be reused by msgA for the time domain resource allocation of PUSCH should be further studied.
[bookmark: _Toc1162389]Further study whether the tables for the time domain resource allocation of PUSCH carrying msg3 can be reused for the time domain resource allocation of PUSCH for msgA or if new time domain resource allocation tables should be defined for 2-step random access.
3	Determination of 2-step or 4-step random access
[bookmark: _Hlk525646118]3.1	Differentiating 2-step and 4-step random access 
Both the UE and gNB should know in some way if a UE is using 2-step or a 4-step RACH. 
A first option is to reserve some PRACH resources which can be either separate PRACH occasions or separate PRACH preambles for the 2-step random access. 
A second option is to reserve some PUSCH resources specifically for the 2-step random access while reusing the PRACH resources for 4-step random access, and to introduce a mapping between preambles/PRACH occasions and the PUSCH resources reserved as in Proposal 1. 
In option 1, whether the separate PRACH resources can be reserved from the existing PRACH resources for 4-step random access needs to be evaluated.
In option 2, there’s no difference between 2-step and 4-step random access with respect to the preamble part, i.e. the preamble evaluation can be skipped in the 2-step random access evaluation.
A RACH procedure example is provided below in case of the 2nd option:
2 step or 4 step RACH procedure
	UE Actions
	gNB Actions

	1) UE transmits a RACH preamble.
	

	2) If 4-step: follow RAR reception procedure.
If 2-step, UE transmits PUSCH for msgA.
	

	
	3) If msgA correctly received in 2-step RACH PUSCH resources and the corresponoding PRACH occasion, transmit msgB. If not, transmit msg2.

	4) If msg2 is received, transmit msg 3.
If msgB is received, go to step 1 if contention is not resolved. Otherwise, use the C-RNTI, if provided, and end RACH procedure.
	

	
	5) If msg3 is received and msg2 was transmitted, transmit msg 4.

	6) if msg4 is received, go to step 1 if contention is not resolved. Otherwise, use TC-RNTI as C-RNTI if needed, and end RACH procedure.
	



Since which method above is to be used will affect the msgA structure, resource allocation, and the procedure of 2-step random access, it is necessary to determine which option(s) we should go for.
[bookmark: _Ref1162489]The 2-step and 4-step random access can be differentiated either by reserving PRACH resources or reserving PUSCH resources. The merits of these options should be further discussed, as other parts of the design may depend on them.
3.2	Fall back from 4-step random access to 2-step random access
It is necessary to determine whether a UE should fallback from 2-step RA to 4-step RA and there might be three cases listed below that a 2-step or 4-step random access procedure should be determined.
1. Both the preamble and PUSCH are detected and decoded successfully by gNB
2. PUSCH is not decoded, but preamble is detected by gNB 
3. Neither PUSCH nor preamble is correctly detected/decoded

In case 1, the gNB will respond with a msgB to the UE. The UE would then use msgB for contention resolution, if needed.

In case 2, the gNB cannot transmit a msgB since the information needed is not available since no PUSCH for msgA was decoded. The UE actions in this case need to be specified. Either the UE continues with a msgA (only preamble part or only PUSCH part, or both parts) retransmission or the UE falls back to the 4-step procedure. In the latter case the gNB responds with a msg2 (RAR) containing a grant for msg3 as a response to the received preamble. The UE then continues as in the normal four-step procedure, i.e. UE sends a new msg3, possibly followed by a msg4 from the gNB resolving the contention.
 
[bookmark: _Toc1162390]In case the PUSCH for msgA cannot be decoded by gNB but the preamble part is detected, a fallback to ordinary four-step RA is possible. In this case gNB sends a RAR including a grant for msg3 and UE retransmits msg3 part. 
In case 3, no msgB is transmitted and UEs could either retransmit msgA preamble + data (after power ramping) or fall back to transmitting msg1 of 4 step RACH. While retransmissions reduce the latency benefit of 2-step RACH, always immediately falling back to 4 step RACH after a failed first transmission would seem to limit the benefit of 2 step RACH operation. Therefore, allowing some retransmission of both preamble and data parts of msgA before falling back to 4-step RACH seems preferable. 

[bookmark: _Toc1162391]MsgA, including both preamble and data parts, can be retransmitted.
4	Power control of msgA
In 2-step random access, a first transmission of a given msgA is always prior to receiving an uplink grant (in msgB). If a msgA retransmission is scheduled via DCI, closed loop power control could be available. However, since 2-step RACH primarily targets low latency operation, and since fall back operation can be used for additional robustness, the benefit and operation of msgA retransmission in 2-step RACH is not yet clear. Therefore, at least the initial focus can be on designing open loop power control. 
We observe that power control of the msg3 scheduled by an RAR grant is specified in section 7.1 of 38.213, where some of the parameters are hardcoded, and some of the parameters are configured in system information messages e.g. msg3-DeltaPreamble. The trade-offs for which parameters are hardcoded and which are signalled should be studied.
[bookmark: _Toc1162392]Further study which parameters should be signalled, and which parameters should be hardcoded to support an open loop power control of msgA
Conclusion
Based on the discussion in the previous sections we have the following observations and proposals:
Observation 1	The 2-step and 4-step random access can be differentiated either by reserving PRACH resources or reserving PUSCH resources. The merits of these options should be further discussed, as other parts of the design may depend on them.
Proposal 1	The time and frequency domain resource of the PUSCH in msgA should be associated to the PRACH occasion. The PRACH preambles in a PRACH occasion can be associated to a set of PUSCH resources and/or the DMRS resources. Details of the associations can be further studied.
Proposal 2	Further study whether frequency hopping should be supported for the PUSCH for msgA and how to signal the hopping flag if needed.
Proposal 3	Further study whether the tables for the time domain resource allocation of PUSCH carrying msg3 can be reused for the time domain resource allocation of PUSCH for msgA or if new time domain resource allocation tables should be defined for 2-step random access.
Proposal 4	In case the PUSCH for msgA cannot be decoded by gNB but the preamble part is detected, a fallback to ordinary four-step RA is possible. In this case gNB sends a RAR including a grant for msg3 and UE retransmits msg3 part.
Proposal 5	MsgA, including both preamble and data parts, can be retransmitted.
Proposal 6	Further study which parameters should be signalled, and which parameters should be hardcoded to support an open loop power control of msgA
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