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Introduction
[bookmark: _Toc524946176]A 2-step RACH work item has been approved in [1], where completing initial access is done in only two steps, message A and B, in short, called msgA, msgB respectively. 
In this contribution, high level aspects on 2-step RACH is discussed from a RAN2 p.o.v. with regards to: 
· General aspects on a contention-based 2-step RACH procedure
· UE state for where 2-step RACH is applied, e.g. RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state
· msgA’s and msgB’s content and payload, including possible payload sizes; to include the equivalent contents of msg3 of 4-step RACH and msg2 and msg4 of 4-step RACH
· Contention resolution for 2-step RACH
· Design of RNTI for msgB of 2-step RACH
· Fall-back procedure from 2-step RACH to 4-step RACH
· Whether triggers for Rel-15 NR 4-step RACH includes SI Request and BFR which are up to RAN2 discussion

Discussion
Procedure overview
The initial step of cell search procedure via detecting SSB and system information is same as NR release 15. This is followed by a shortened random access procedure in two steps in order to minimize the number of channel accesses and procedure latency. This is important for e.g. operation in unlicensed frequency bands where listen before talk must be performed before transmission, transmission of small data packets or control information (RRC messages). The 2-step procedure is as follows:
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.
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Figure 1. A 2-step random access procedure
2-step RACH Triggers
Currently RACH access (CFRA, CBRA) in NR can be triggered by the following events as described in 38.300:

· Initial access from RRC_IDLE;
· RRC Connection Re-establishment procedure;
· Handover;
· DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is “non-synchronised”;
· Transition from RRC_INACTIVE;
· To establish time alignment at SCell addition;
· Request for Other SI;
· Beam failure recovery.
We think the baseline assumption should be that all nine triggers are supported in 2-step RA. However, the Request for other SI is already a 2-step procedure so whether to include it requires additional analysis. In NR, the UE transmits a special preamble and if that preamble is present in the RAR, the UE considers the procedure completed. There is no corresponding transmission in msg3. Thus, there would be no gain in latency if this was done in the, to be defined, 2 step RA-procedure. Additionally, as there would be no corresponding PUSCH transmission in msgA, the cost of performing Request for Other SI in two steps might be higher, due to the unutilized PUSCH resource, than doing it in four steps (although as explained, not all steps are performed). 
On the other hand, having a principle of all triggers supported would make the addition of 2-step RACH straightforward in specification, and as subject to NW configuration. This would also possibly simplify fall-back procedures and their corresponding specification and configuration. The principle here would be that any random access that can use dedicated preamble, also have a network choice for using CBRA. As one can assume that NW implementations in their configuration of RACH procedure use would consider effective resource utilization amongst other things, it seems all triggers should be considered applicable.  

[bookmark: _Toc3455018][bookmark: _Toc3533685][bookmark: _Toc4525038][bookmark: _Toc4573586]As baseline, all triggers for 4-step RACH are also applicable to 2-step RACH.
[bookmark: _Ref3532914]Configurability and procedure 
Since it can be assumed that cells will be configured with both 2-step and 4-step procedure, there should be a way to decide if a UE should try a 2-step or 4-step procedure. In case a cell edge UE in a large cell attempts a 2-step procedure (i.e. when time alignment is off), this will likely result in that the gNB cannot decode the PUSCH part and the UE will cause interference to other UEs transmitting on the same PUSCH resource. It should be discussed how to avoid this and one possible approach is to mimic the SUL or NUL selection. For the 2-step or 4-step selection this would translate to selection of 2-step if the RSRP on the serving cell is above a threshold while the 4-step is selected otherwise. 
[bookmark: _Toc4525039][bookmark: _Toc4573587]RAN2 to discuss methods for selection of 2-step or 4-step procedure.
From the discussion above, one can conclude that both the UE and gNB should know if a UE is attempting using 2-step or a 4-step RACH. From what can be seen in RAN1 and previous discussions, this can be achieved through several options, e.g.:
1. reserve and configure PRACH resources which can be either separate PRACH occasions or separate PRACH preambles for the 2-step random access. 
a. Whether the separate PRACH resources can be reserved from the existing PRACH resources for 4-step random access needs to be evaluated in RAN1
2. reserve and configure PUSCH resources specifically for the 2-step random access while reusing the PRACH resources for 4-step random access, and to introduce a configurable mapping between preambles/PRACH occasions and the PUSCH resources. 
a. In here, 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. Note that here it is assumed that contention resolution in 2-step RACH will be done by including a UE identifier in the first message which is echoed in the second message similar to legacy procedures:
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 corresponding PRACH occasion, transmit msgB. If only preamble received, 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.
If nothing is received, ramp power and go to step 1
	

	
	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) is in RAN2 preference. The above also has value in the discussion in fallback procedures. As can be seen above, reusing some or many of the 4-step RACH procedure principles are from a RAN2 perspective in defining 2-step RACH beneficial, as well as having the resulting complexity in fallback reasonable.
[bookmark: _Toc3455013][bookmark: _Toc4525031][bookmark: _Toc4573579]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.
Since reserving special PRACH resources for the 2-step procedure would in principle double the needed the PRACH resources if the same accessibility is desired, we see no major advantages of taking this approach. The presence of PUSCH will be enough to indicate to gNB that the 2-step procedure is used. However, this should be examined by RAN2 and we therefore propose
[bookmark: _Toc3455019][bookmark: _Toc3533686][bookmark: _Toc4525040][bookmark: _Toc4573588]RAN2 should study whether special PRACH resources or Preambles should be reserved for the 2-step procedure.
2-step for NR-U
Many of the details of the 2-step design have not yet been decided in RAN1 and may have consequences for NR-U. One example is that for MsgA, where it has been agreed in the 2-step WID [2] that the preamble part and the Msg3 part are TDMed. How large a time difference that can be allowed between the preamble and the Msg3 part will have impact on the number of LBTs that have to be performed. For NR-U, one of the main benefits of the 2-step RA is the reduced need of LBTs compared to the 4-step RA procedure. In case MsgA would need two LBTs much of the benefits of the 2-step RA over 4-step RA would disappear. Therefore, it is of vital importance that MsgA can be transmitted using only one LBT, i.e. that both the preamble part and Msg3 part can be transmitted within the MCOT. 
[bookmark: _Toc344500][bookmark: _Toc766272][bookmark: _Toc1068072][bookmark: _Toc4525032][bookmark: _Toc4573580]For NR-U, it is important that MsgA can be transmitted using only one LBT.

Fallback from 2-step to 4-step
Aligned with the above, 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. Assuming option 2 in section 2.3 the gNB will assume 4-step RA and reply with msg2. The UE therefore has to be prepared to receive either msgB or msg2. The UE actions in this case need to be specified. Either the UE continues with a retransmission of msgA (ignoring msg2) or the UE falls back to the 4-step procedure and transmits msg3. 
[bookmark: _Toc1162390][bookmark: _Toc3455014][bookmark: _Toc4525033][bookmark: _Toc4573581]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 msg2 and the UE transmits msg3. 
[bookmark: _GoBack]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. The RLF declaration in these instances may need to be adjusted accordingly.
[bookmark: _Toc1162391][bookmark: _Toc3455020][bookmark: _Toc3533687][bookmark: _Toc4525041][bookmark: _Toc4573589]Upon failure of msgA transmission, the UE shall retransmit msgA.
[bookmark: _Toc4573590][bookmark: _Toc4525042]After a certain number of failed MsgA transmissions the UE shall fall back to 4-step RA and transmit msg1

Time Alignment
Whether 2-step RA is only applicable to a small cell where the UE doesn’t need to obtain timing alignment have also been discussed in RAN1. In their discussion it has not been concluded if transmission of the first message can only be guaranteed if limited to small cell environments (without requiring timing alignment). It is therefore suggested that RAN2 assumes that 2-step RACH is applicable to any cell size supported in Rel-15 NR.
[bookmark: _Toc4525034][bookmark: _Toc4573582]From a RAN2 perspective any Rel-15 cell size can be supported.
[bookmark: _Toc3455021][bookmark: _Toc3533688][bookmark: _Toc4525043][bookmark: _Toc4573591]Let RAN1 decide if any cell size would not be supported, assuming that from RAN2 p.o.v. any Rel-15 cell size could be supported.

Message content
The content of the messages may be different for different triggers and what this content should be needs to be studied on a case by case basis. 
Msg sizes already defined, where derived according to (RAN2 discussion for 4-step) … Anything else needed BSR/data? Infrequent small data. RAN1 can study what sizes can be supported. 
The Msg1 based request for e.g. other SI is already specified as a 2-step RACH procedure and does not really require any further study. However, if the possibility to include a payload in MsgA PUSCH part is introduced as suggested above in section [ref], one may consider utilizing this possibility also for Msg1 based SI request (or BFR), e.g. to include some qualifying information to refine the request. If no such additional information is needed, then possibly padding is transmitted on the associated PUSCH. One could alternatively foresee also skipping of that resource, and usefulness of that depends on if from a L1 design the preamble and PUSCH needs to/can be decoded separately and the benefit of such a mechanism. In any case, the optimization through addition of such information (for BFR/Si req.) needs to be evaluated accordingly. In [3] a more detailed description of possible payload is given. From that analyze in [3] it is suggested to liaison with RAN1 informing them on message sizes. However, as also concluded, it may be of value to know what message size boundaries there are for transmitting additional payload such as MAC CE (e.g. BSR or PHR) or UP data (e.g. small data etc).
[bookmark: _Toc3533689][bookmark: _Toc4525044][bookmark: _Toc4573592]Liaison with RAN1 on required message sizes and include a request for evaluation of possible larger payload sizes.
Contention Resolution
Contention resolution is currently achieved for CBRA by including a UE identity in msg3 which is again used in msg4 by the NW at successful contention resolution. As seen in section 2.3, this can be (re)used in 2-step RACH. The legacy UE identity used in the RACH procedure depend on the purpose, e.g. NAS or AS identifier. As a result, the msgA size can be impacted by the trigger and purpose. 
In defining details of how NW echoing can work in the response message for 2-step RACH, e.g. MAC CE should be discussed, however it seems reasonable that the current mechanism can be used as a base line. Further discussion of contention resolution for the 2-step procedure is found in [2].
Conclusion
The following observations have been made:
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.
Observation 2	For NR-U, it is important that MsgA can be transmitted using only one LBT.
Observation 3	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 msg2 and the UE transmits msg3.
Observation 4	From a RAN2 perspective any Rel-15 cell size can be supported.

[bookmark: _Toc528850436][bookmark: _Toc528850447][bookmark: _Toc528850496][bookmark: _Toc528850518][bookmark: _Toc528853699][bookmark: _Toc785813]Based on the discussion above, we propose the following:
Proposal 1	All triggers for 4-step RACH are also applicable to 2-step RACH.
Proposal 2	RAN2 to discuss methods for selection of 2-step or 4-step procedure.
Proposal 3	RAN2 should study whether special PRACH resources or Preambles should be reserved for the 2-step procedure.
Proposal 4	Upon failure of msgA transmission, the UE shall ramp power or switch beam (like in Rel-15) and retransmit msgA.
Proposal 5	After a certain number of failed MsgA transmissions the UE shall fall back to 4-step RA and transmit msg1
Proposal 6	Let RAN1 decide if any cell size would not be supported, assuming that from RAN2 p.o.v. any Rel-15 cell size could be supported.
Proposal 7	Liaison with RAN1 on required message sizes and include a request for evaluation of possible larger payload sizes.
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