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1. Introduction

In RAN2 NR-AH1807, it was agreed to study 2-step RACH as follows:

· Both 2-step RACH procedures and enhancements to 4-step RACH for reduced transmission opportunities should be studied.

In addition, the following were agreed regarding general RACH procedure:
· Both CBRA and CFRA are supported on NR-U SpCell and CFRA is supported on NR-U SCells. 
· At the first stage, RAR can be transmitted via SpCell

· Assume we Use a predefined HARQ process ID for RAR

In RAN2#103, it was agreed that 2-step RACH is applicable to all scenarios where RACH is used:
· RAN2 assumes that all Random access triggers in 38.300 9.2.6 may be applicable for 2-step CBRA. 
The following email discussion was agreed with the intention to make progress on the details of 2-step RACH.
[103#55][NR-U] 2-step RACH Model and Initial Information Contents (Qualcomm)


Intended outcome: Report


Deadline: Next Meeting

This contribution will capture the company views on details of 2-step RACH, which were already captured in several contributions in RAN2#103 and provide way-forward proposals based on consensus or majority view.
2. Discussion
As a first step, it would be good to get a common understanding what the 2-step RACH entails at a high level from RAN2 perspective. 

In legacy LTE and NR RACH, msg1 is a preamble, msg2 is the RAR which includes a grant for msg3, msg3 is the scheduled transmission, and msg4 is for contention resolution (can include a payload). For 2-step RACH to replace this procedure, the functionality of msg1 and msg3 should be condensed to the first step and msg2 and msg4 to the second step. It might be too early to agree on the the actual contents of these steps but it seems reasonable to assume that first step will consist of a preamble-like signal and a payload (actual design and naming are up to RAN1) and second step will consist of contention resolution with possible payload. 
Question 1: From RAN2 perspective, can we assume that the first message in 2-step RACH is a preamble-like signal and a payload while the second message is for contention resolution with possible payload?

	Company
	Response
	Comments

	OPPO
	Yes
	We agree that from RAN2 point of view, it’s possible that the new message 1 includes preamble-like signal and a payload, e.g., to include possible UE ID. The new message 2 includes messages for contention resolution, while possible payload can be included also.

	LG
	Yes
	We think that the first message consists of msg1 and msg3 in the legacy RACH and the second message means msg4 for contention resolution. Basically, therefore, gNB does not transmit the legacy RAR unless it sends a back-off indicator, or it falls back to 4-step RACH.

In addition, we assume that the UE should be able to transmit the MSG3 prior to receiving Timing Advance command. It is similar to legacy Msg1 transmission regardless of maintenance of uplink timing alignment.

But, for uplink timing alignment after receiving a successful second message, the second step of 2-step RACH may need to include TA of legacy RAR and a UE identifier for contention resolution.  

	ZTE
	Yes, but…
	For the payload part, if 2-step RACH is used for CFRA, then the contention resolution is not needed 

	Ericsson
	Yes
	

	InterDigital
	Yes
	

	Intel
	Yes
	For CBRA, we can already assume some form of UE ID in the payload of the first message while the second message echoes back partial or complete UE-ID either in the PDCCH or in the payload for contention resolution.

	Lenovo, Motorola Mobility
	Yes
	We may need an assumption whether the first message consists of two separate signals/channels (e.g. like PRACH+PUSCH), or if a new combined design could be used.

	Charter Communications Inc
	Yes
	

	CATT
	Yes
	It seems logical that squeezing the current 4-step CBRA in 2-step RACH, Msg1 would need to carry some form of UE identity and a preamble for synchronization. And Msg2 would resolve any potential contention. The feasibility and design of such messages belong to RAN1.

	Apple
	Yes
	

	Huawei
	No 
	According to the agreements achieved in RAN plenary meeting, PHY layer aspects of 2-step RACH design are not addressed in any of the on-going SIs. As the detailed design of the first message in 2-step RACH are highly dependent on RAN1 e.g., whether to include preamble and given a lack of RAN1 work during the SI phase, from RAN2 perspective, we should hold on the discussion on the content of the first message in 2-step RACH. 

	NEC
	Yes
	The baseline assumption should be to include some form of UE ID in Msg1 and the payload for contention resolution in Msg2. 

	Xiaomi
	Yes
	

	SONY
	Yes
	Yes, we agree that the first “step” contains corresponding msg1 and msg3 in the 4 step RACH procedure.

	ITRI
	Yes/but
	We think that the first message in 2-step RACH is a preamble-like signal and a payload is reasonable. 

However, whether the second message is for contention resolution may need to further study. This may depend on the different trigger event. For example, a UE may use the UE ID contained in the first step in 2-step RACH to receive the second message. In this case, the second message may not need to include messages for contention resolution.

	vivo
	Yes
	

	MediaTek
	Yes
	We agree that the first message in 2-step RACH consists of a preamble and a payload and carries similar information as Msg1 and Msg3 in 4-step RACH, and the information in the second message is for contention resolution with possible payload and carries similar information as in Msg2 and Msg4 in 4-step RACH. 

We think that the above discussion only applies to CBRA. CFRA is already 2 step. We can of course considering sending data with the preamble in the first message (like 2 step) but would like to discuss CBRA and CFRA separately, with an initial focus on CBRA.

	Nokia
	Yes
	

	Samsung
	Yes
	

	Qualcomm
	Yes
	

	Sierra Wireless
	Yes
	


Conclusion: 20 companies responded to the question. All companies except one agree that the first message in 2-step RACH is a preamble-like signal and a possible payload. One company thinks that RAN2 should not discuss this until RAN1 finishes physical layer design. However, this is not in line with previous RAN2 agreement and plenary guidance and obviously any agreement here will be from RAN2 perspective as stated in the question. For the second message, two companies pointed out that a contention resolution will not be needed for CBRA. The rapporteur agrees that this can be reflected in the agreement.

Proposal 1: From RAN2 perspective, the first message in 2-step RACH is a preamble-like signal and a payload while the second message is for contention resolution for CBRA with a possible payload.
The agreement in RAN2#103 says that all triggers in 38.300 9.2.6 “may be applicable” to 2-step RACH. These triggers in 38.300 are as follows:
-
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.

As a first step, it would be good to confirm which ones “are” or “should be” actually applicable and whether any of them will need further study. This can allow RAN2 to design the messages and advise RAN1 accordingly in the last two meetings. The conclusion can be revisited and revised according to final RAN1 design during the SI or WI phase.
Question 2: Do any of the RACH triggers need further RAN2 study to be confirmed for 2-step RACH? Please justify your response.

	Company
	Response
	Comments

	OPPO
	Yes
	For contention free RACH, e.g., RACHs triggered by beam failure recovery, request for other SI and Handover, we think contention free RACH is already regarded as “2-step” RACH, considering the motivation for 2-steps RACH is mainly for delay reduction and reducing LBT, we think there is no need to further enhance the legacy contention free RACH.
For other triggers, maybe it’s better to classify these in more details, e.g., based on the RRC state. Since firstly, in different RRC state, the payload in the new message is different which results in possible different size of the new message. Different size may have impact on the design from RAN1 point of view. Secondly, the contention resolution maybe different depends on the RRS state, e.g., in RRC connected mode, C-RNTI is already configured, so it could be feasible to use C-RNTI to resolve the contention resolution, which may have impact on the procedure point of view.

	LG
	No but
	With 2-step RACH, if RAN2 assumes that UE can transmit a payload prior to receiving TA command, all RACH triggers in 38.300 are applicable to 2-step RACH

However, in more details, it is ambiguous whether MSG1 based SI request or BFR should be regarded as 2-step RACH because it can be performed with the preamble only without payload transmission.

	ZTE
	More study needed for:

- SI request

- BFR
	For the Request for Other SI, we don’t see any benefit to support the 2-step RACH for Msg1 based SI request. Considering the support of legacy UE, we think the Msg1 based SI request can only be configured with the legacy 4-step RACH procedure.

For the beam failure recovery, since only the preamble transmission is required in CFRA BFR and the Msg2 will be scheduled by C-RNTI in BFR-searchspace, we don’t see clear benefit to support the 2-step RACH on CFRA based beam failure recovery.

	Ericsson
	Yes
	RAN2 may further study whether beam management is needed for NR-U since the gain with support of beam management in NR-U may be questionable, RAN1 shall first study it. 

RAN2 may further study whether 2-step RA is only applicable to a small cell where the UE doesn’t need to obtain timing alignment. Transmission of the first message can be better guaranteed in a cell without requiring timing alignment. 

The contents 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. The Msg1 based request for other SI is already specified as a 2-step RACH procedure and does not require any further study. However, when the possibility to include a payload in Msg1 is introduced, one may consider utilizing this possibility also for Msg1 based SI request, e.g. to include some qualifying information to refine the request. 

Therefore, RA triggers by “UL synchronisation status is “non-synchronised”” or “BFR” or “To establish time alignment at Scell addition” may need further study. 

	InterDigital
	Yes
	2-step RACH can be assumed applicable to all RACH triggers. However, whether 4-step RACH would still be used under certain conditions should be studied.

	Intel
	No
	2-Step RACH should be applicable to all RACH trigger where 4-step RACH is possible.  It can be left to the network to configure which triggers can use 2-step RACH. Even for those random access that can use CFRA, there is also a choice for the network to choose contention based, instead of dedicated preamble.  

On the other hand, whether 2-Step random access should be applied to UL un-synchronous case will require input from RAN1.  This may limit its usage to certain deployment like small cell if it is not possible. 

	Lenovo, Motorola Mobility
	Yes
	For Msg 1 based SI request, there is no UL data transmission involved.

Similar applies to BFR.

	Charter Communications Inc
	Yes
	Per RAN#81 decision in RP‑182126, “A common 2-step RACH design for various use cases is desirable”. Therefore, even though certain RACH triggers may not be applicable (per some company’s views expressed above), we believe that it is important to retain all triggers so that the 2-step can be designed for various use-cases; not just NR-U. 

	CATT
	Yes
	We agree with OPPO that legacy CFRA is already a 2-step RACH. So is Msg1 based SI request. The focus of the studied 2-step RACH should therefore be reduced to conventional CBRA cases.

	Apple
	Yes
	UL sync requirement for 2-step RACH should be different from the that for 4-step RACH. So, we can assume all the triggers can be applied in small cell deployment, and in macro cell the safe way is to consider the RACH trigger for the UE in a certain UL sync situation.
In addition, we agree with other companies that the RACH for Msg-1 based SI request and BFR does not require payload transmission in 4-step RACH, so the two triggers should be further studied. 

	Huawei
	No
	From RAN2 perspective, RAN2 can assume that all triggers should be valid for 2-step RACH, according to the agreement from RAN plenary. And based on plenary guideline, there is no need to study further how these triggers can be supported by RAN1. Given the lack of RAN1 work in SI phase, no study is needed further at RAN2 and RAN1 can confirm them in the WI phase. 

	NEC
	No
	same view as Intel

	Xiaomi
	Yes
	All triggers may involve 4 step RACH, so all of them should be applicable to 2 step RACH.

	SONY
	Yes
	Based on agreement at RAN2#103, all triggers should be used as baseline.

	ITRI
	No
	For contention free RACH case, we share the same view as OPPO. There may no need to further enhance the contention free RACH.

For contention based RACH, it may need to further study which kind of trigger event could be enhanced by 2-step RACH.

	vivo
	No
	From RAN2 point of view, we do not see any specific reason to exclude any triggered conditions as used for the 4-step RACH procedure.

	MediaTek
	No
	We think that 2-step RACH can be applied to all the triggers above as 4-step RACH is possible for all of them in certain scenarios. The role of 2 step for CFRA can be discussed further but we assume that CBRA will be the baseline for fall-back conditions. We also note that separate triggers might share the same RACH procedure from MAC perspective. Therefore there would be fewer scenarios to implement in MAC than the number of triggers.

	Nokia
	Yes
	As commented by OPPO above, the contention free RA is already kind of 2-step procedure and should be studied if any real benefits can be achieved there. On the other hand, if the defined signalling can support these use cases easily, we do not see a reason to limit the usage for CFRA artificially.

"Initial access" type of triggers (Initial access from RRC_IDLE, Transition from RRC_INACTIVE, Request for Other SI via MSG3) and "non-initial access" type of triggers are different as only in the later cases UE specific configuration is possible. We think that further RAN2 studies may be needed at least to discuss if 2-step RACH procedure should be available for all potential triggers. Further, in case all triggers are supported, it should be investigated how to enable network configurability for the use of 2-step RACH resources for “initial access” type of triggers.

	Samsung
	No
	2 Step RACH can be applied for all the cases where 4 step RACH is used.

	Qualcomm
	No
	All the triggers are applicable albeit some procedures may need be modified for this usage.

	
	
	


Conclusion: 20 companies responded to the question. 13 companies think that all triggers are applicable. 7 companies think that SI request and BFR will need further study since they do not need a payload in msg1. Several companies also commented on the applicability of CBRA but this is already covered separately in Question 5. One company pointed out that 2-step RACH when timing advance is not known may not be applicable; the rapporteur thinks that this will depend on the physical layer design and can be discussed later. One company thinks that 2-step RACH may not be applicable in initial access scenarios since there will not be any UE specific configuration.
Proposal 2: As a baseline, all the triggers for 4-step RACH are also applicable to 2-step RACH with the following caveats: 1-) SI request and BFR cases need further study. 2-) How timing advance and grants are obtained for first message should be taken into account.
Since the scope of the email discussion is also “Initial Information Contents”, it would be beneficial to make progress on basic essentials. Assuming that 2-step RACH can be used for the above triggers in 38.300, the first message needs to carry the same or equivalent information which is sent in msg3 for 4-step RACH where the actual content will depend on the use case (e.g. connection set up, reconfiguration complete, or resume etc.). The actual IEs can be discussed and finalized during WI phase.

Question 3: As a baseline, can we assume that the first message for 2-step RACH will at least include the equivalent information which is transmitted in msg3 for 4-step RACH?

	Company
	Response
	Comments

	OPPO
	Yes/but
	In our view, the first message will at least include the equivalent information which is transmitted in msg3 for 4-step RACH.
But some optimization mechanism may be foreseen, for example, by implicitly including equivalent information in the first message, but this is for the detailed design later.

	LG
	Yes and
	Additionally, it may be necessary to include the preamble index transmitted in first step for the association between the preamble and payload of a UE. 

	ZTE
	Yes
	We can take this assumption as baseline. However, depending on the actual payload size of Msg1 with 2-step RACH, it may be feasible to include more than just the Msg3 contents (e.g. selected fields from Msg5 and/or other information which can be discussed further). We think we need more input from RAN1 (on the actual payload size).

	Ericsson
	Yes
	It is reasonable to assume that the first message in 2-step RA carries the same or equivalent information as Msg3 for 4-step RACH. Additionally, we may further study whether other information elements such as BSR or PHR is also needed in the first message in order to improve scheduling and link adaptation for subsequent data transfer. The size needed for the msg1 in 2-step might be an important input for RAN1 to design a good 2-step RA procedure. 

	InterDigital
	Yes
	

	Intel
	Yes
	 If 2-Step random access are applicable to all random access triggers, the Msg3 RRC message or MAC CE related to the random access triggers are all equivalent information for the first message for 2-Step random access.

	Lenovo, Motorola Mobility
	Yes
	

	Charter Communications Inc
	Yes
	

	CATT
	Yes
	Sounds reasonable, with again, feasibility to be confirmed by RAN1.

	Apple
	Yes
	We can take it as baseline. Further discussion is needed when we have clear understanding on the actual payload size of Msg1 in 2-step RACH (based on RAN1 input).

	Huawei
	Yes
	As a baseline, RAN2 can take this as an assumption.

	NEC
	Yes
	This should be the baseline but some optimization may be discussed, e.g. some information may be implicitly indicated somehow. 

	Xiaomi
	Yes
	

	SONY
	Yes
	

	ITRI
	Yes
	

	CMCC
	Yes.but
	This should be the baseline, but some enhancement may be needed. For example, the possibility and the method of reducing the UE ID payload size should be discussed. The significance of reducing the UE ID payload size could be improving the sparsity of the channel, and therefore more traffic/UEs could be accommodated in. 

	vivo
	Yes
	

	MediaTek
	Yes
	We agree that information equivalent to Msg3 in 4-step RACH will be carried in the first message of 2-step RACH.

	Nokia
	Yes
	

	Samsung
	Yes
	

	Qualcomm
	Yes
	

	Sierra Wireless
	Yes
	


Conclusion: 21 companies responded to the question and all agree that transmitting equivalent information in msg3 of 4-step RACH should be the baseline. 3 companies think that additional information in first message may be possible and 2 companies think that further optimization for first message size may be needed.

Proposal 3: The first message for 2-step RACH will at least include the equivalent information which is transmitted in msg3 for 4-step RACH.

The 2-step RACH is also part of the Rel-16 NOMA SI led by RAN1 which is applicable to licensed NR. This was discussed during RAN#81 and it was concluded that “A common 2-step RACH design for various use cases is desirable” and “Higher layer aspects of 2-step RACH can be studied within NR-U SI”. Therefore, it would be good to confirm if any part of the design could be different between licensed and unlicensed from RAN2 perspective (not considering the physical channel aspects and LBT).
Question 4: Are there any design elements which may differ between licensed and unlicensed from RAN2 specification perspective? Please list and justify if any.

	Company
	Response
	Comments

	OPPO
	No
	We don't see any difference from RAN2 procedure point view. We also think any enhancements which have been done for 4 steps RACH may also be applied to 2-steps RACH for unlicensed operation.

	LG
	No
	

	ZTE
	Mostly No
	The basic 2-step RACH design should preferably be common for both licensed and unlicensed operation. If there are any minor tweaks needed (e.g. to take the uncertainty of LBT etc into account), these can be considered on top of the basic design on a case-by case basis depending on the RAN1 outcome of the overall LBT design.

	Ericsson
	Yes
	1. Some RA events (triggered by handover or arrival of high prio. data) may be more sensitive to the latency.  The LBT failure would add additional latency for the RA procedure. Therefore, it may be beneficial for NR-U to prioritize specific RA events (which are more delay sensitive) over other RA events (which are not delay sensitive) focusing on reduction of latency aspect.

2. RA opportunities may be reduced due to LBT failure. Therefore, it may be beneficial to study enhancements by additional RA opportunities for 2-step RA in NR-U. 

	InterDigital
	Yes
	Further work on the NR-U PHY channel structure and the LBT procedure may introduce aspects specific to unlicensed.

	Intel
	No
	The 2-step CBRA procedure should be designed to be commonly applied to both licensed and unlicensed operation.

	Lenovo, Motorola Mobility
	Yes
	We need to consider extended time/frequency opportunities to avoid issues caused by the opportunistic access to the unlicensed medium (CCA/LBT).

	Charter Communications Inc
	Yes
	We agree with Ericsson that in addition to RAN2#103 agreements, prioritization of certain RA events could serve as being beneficial. In addition, we need to consider RAN2 specification impacts due to 4-step RACH’s fall-back to 2-step RACH due to failures e.g. preamble de-moducation is successful, but payload part of Msg 1 couldn’t be de-modulated cleanly.

	CATT
	No
	It would indeed be desirable from RAN2 perspective, to be confirmed by RAN1.

	Apple
	Yes
	LBT mechanism is only applied on unlicensed cell, but not on licensed cell. There may be some different impact. 

	Huawei 
	No (if not considering the physical channel aspects and LBT)
	As mentioned by the rapporteur, if we are not considering the physical channel aspects and LBT, we think there is no RAN2 specific difference for licensed and unlicensed. Also the 2-step RACH is not part of the Rel-16 NOMA SI

	NEC
	No
	we assume LBT failure is basically RAN1 issue but this does not mean no impact is seen from RAN2 point of view.

	Xiaomi
	
	

	SONY
	Yes
	Further studies may be needed to handle delay sensitive access attempts.

	ITRI
	No
	At current stage, we don’t see any difference is needed for 2-step RACH between licensed and unlicensed.

	vivo
	Yes
	More transmission opportunities could be configured for the MsgA and MsgB to alleviate the LBT impacts.

	MediaTek
	No
	We have not identified any differences in requirements for different use cases (e.g. NR-U, NOMA, URLLC). RAN2 should aim to develop a generic procedure for 2-step RACH. We note that legacy RACH in NR supports prioritization. Similar mechanisms can also be considered for 2 step RACH, but prioritization should depend on the nature of RACH (e.g., for handover), not the type of RACH (2-step or 4-step). 
Any differences between licensed and unlicensed operation such as the values of some of the timers could be defined in the licensed and unlicensed configuration respectively.

	Nokia
	No
	We think there can be general differences between licensed and unlicensed Random Access, but these would be common for 2-step and 4-step RA procedures. Hence, we do not see immediate differences specifically for 2-step RA.

	Samsung
	No
	

	Qualcomm
	No
	


Conclusion: 20 companies responded to the question. 13 companies think that the design should be common between licensed and unlicensed. 5 companies think that LBT (and multiple opportunities) can cause some differences while 3 companies say that prioritization of RACH attempts for delay sensitive attempts may be needed. Based on this, at MAC layer, we can continue to strive for a common design while considering that LBT impact and further optimization (e.g. prioritization for low latency) can be discussed later. 
Proposal 4:  From RAN2 perspective, the same 2-step RACH design should be applicable to both licensed and unlicensed. The impact of LBT and further optimizations for unlicensed can be discussed further.
In LTE and licensed NR, legacy CFRA can be considered as a two-step procedure since no contention resolution is needed. However, the 2-step RACH considered here will allow transmitting a payload in msg1 which can also apply to CFRA, for example in handover completion. Even though this may seem obvious, it would be to confirm. 
Question 5: Do you agree that 2-step RACH is applicable for both CBRA and CFRA?

	Company
	Response
	Comments

	OPPO
	No
	In LTE and licensed NR, CFRA is used when UE is in RRC connected mode and for some specific events, e.g., BFR, HO etc. CFRA is with only two steps which is good from delay and signalling perspective. 

For 2-step RACH, it’s can be easily applied to CFRA if network configures dedicated PRACH resources for the UE, however, we don’t see the need to configure dedicated resources for the payload, e.g., PUSCH for the payload since it will cause too much overhead. In this perspective, we are not sure this can be regarded as CF 2 step RACH or not since the first message is not dedicated.

Besides, it’s not clear to us what contents should be included in the payload of the first message for CF 2-step RACH.

	LG
	Yes
	We think that the basic philosophy of the 2-step RACH can be applicable for both CBRA and CFRA, but the technical details can be discussed separately. 

For example, the UE should monitor the PDCCH for RAR in the second step of 2-step RACH for CFRA but a payload (i.e., HO complete message in HO) may be transmitted in the first step with the dedicated preamble prior to RAR reception. In addition, the RAR message may include TA only.

	ZTE
	Yes
	In case of CFRA, the contention resolution step is not needed but apart from this, difference, we think both CBRA and CFRA are relevant for 2-step RACH

	Ericsson
	Yes
	In LTE and NR licensed, both CBRA and CFRA are applicable to 4-step RA. We shall use the same rules for 2-step RA in NR-U. 

	InterDigital
	Yes
	For CFRA, the UE does not necessarily need to send a data payload part of the first message if the preamble is dedicated to the UE.

	Intel
	Yes
	CFRA is normally used for network initiated random access e.g. handover, DL data availability while UE is UL out of-sync. It will be beneficial to include UL RRC message and MAC CE already in the first message of the 2-step CFRA. Hence reducing further impact from LBT due to the message exchange

	Lenovo, Motorola Mobility
	Yes
	We agree to Ericsson’s comments.

	Charter Communications Inc
	Yes
	

	CATT
	No
	We agree with OPPO. See our answer to Q2.

	Apple
	Yes
	The motivation of 2-step RACH is to speed up data transmission to NW when UE is out of sync or has no dedicate SR resource. 

We think it is applicable for both CBRA and CFRA.   

	Huawei 
	Neutral 
	We don’t see strong motivation to apply 2-step RACH to CFRA as the original intention to have 2-step for CBRA is to reduce access latency since LBT procedures are reduced compared with 4-step. However, for CFRA, there are only 2-steps, from the latency perspective, there is no need to apply 2-step. But we also see the benefit in the example provided by the rapporteur e.g, CFRA during mobility. 

	NEC
	Neutral
	Our understanding was that 2 step RACH is to reduce messages from 4 step RACH, so CFRA already having 2 steps only would not be a target. However, we are open to discuss whether it is beneficial and applicable considering pros and cons. it is premature to conclude this question for now.

	Xiaomi
	No
	For the CFRA triggered by HO, we don’t understand why there is a need to accelerate the transmission of HO complete message, which seems have no much impact to HO procedure. For other CFRA cases, there is no valid reason to include any data in msg1.

	SONY
	Yes
	

	ITRI
	No
	We share the same view as OPPO. See our answer to Q2.

	vivo
	Yes
	

	MediaTek
	Maybe
	We think that the 2-step RACH should be considered for CBRA at this stage. Support for CFRA can be added later if benefits can be demonstrated.

	Nokia
	It depends
	Generally, we do not see much point in applying 2-step for CFRA as that is already regarded as 2-step and the UE can be identified by the preamble. However, as commented in Q2, if the defined signalling can support this easily, there is no big reason to limit the usage from CFRA.

	Samsung
	No
	We do not see a need to include payload in Msg1 for CFRA.

	Qualcomm
	Yes
	2-step RACH should be able to handle all the RACH cases. The transmission of payload in msg1 can reduce the RACH delay further, especially for handover.

	Sierra Wireless
	Yes
	


Conclusion: 20 companies responded to the question. 11 companies agree that CFRA is also applicable to 2-step RACH. 4 companies are neutral (including “maybe” and “it depends”) and 5 companies think that a payload in msg1 for CFRA is not needed. This question also depends on whether 2-step RACH can be a complete replacement for 4-step RACH or not. Since there is no large majority, the discussion can be continued later based on company contributions.
Proposal 5: RAN2 should discuss further whether contention-free msg1 can be used for 2-step RACH  (where a dedicated payload grant is configured along with a preamble).
In legacy RACH, contention resolution is achieved by including a UE identity in msg3 which is echoed in msg4. The same can be used in 2-step RACH. The UE identity used will depend on the purpose of the RACH procedure as in legacy RACH (e.g. NAS or AS identifier). How the echoing works in the response message (e.g. MAC CE as in LTE) can also be discussed later or during WI phase. 
Question 6: Do you agree that contention resolution in 2-step RACH can be done similar to 4-step RACH by including a UE identifier in the first message which is echoed in the second message? 

	Company
	Response
	Comments

	OPPO
	Yes/but
	In general, the way of contention resolution used in 4-steps RACH can in principle used in 2-steps RACH, but this should be discussed case by case.
When AS identifier is available, things could be easy since the C-RNTI MAC CE could be included in the first message and if the UE detects a PDCCH scrambled by the C-RNTI include in the first message, the contention is resolved.

When NAS identifier is available, firstly, the size could be different than the AS identifier which leads to different requirement of first message, which could be input to RAN1 to design the first message transmission. Secondly, how to transmit message 2 is also challenging, e.g., using which RNTI to scramble the PDCCH and how to resolve the contention. Maybe in this case, RA-RNTI can also be used which means UE would firstly decodes the RA-RNTI scrambled PDCCH with RAR scheduled. Then, in the RAR an C-RNTI can be included which is used for the UE to decode a follow-up PDDCH which schedules a payload used for the final contention resolution.

	LG
	Yes
	

	ZTE
	Yes
	The only exception is that for case of CFRA, there is no need for contention resolution. 
We agree that the size of Msg1 design needs to be worked out in cooperation with RAN1 as suggested by Oppo. However, in general, a UE identifier included in Msg1 should be used for contention resolution purposes (where applicable) in the second message. 

	Ericsson
	Yes
	

	InterDigital
	Yes
	

	Intel
	Yes
	Applicable to the contention based case.

	Lenovo, Motorola Mobility
	Yes
	

	Charter Communications Inc
	Yes
	

	CATT
	Yes
	

	Apple
	Yes
	

	Huawei 
	Yes 
	As a baseline, we agree that contention resolution in 2-step RACH can be done similar to 4-step RACH by including a UE identifier in the first message which is echoed in the second message, either through scrambling PDCCH through C-RNTI or including the NAS identifier. 

	NEC
	Yes
	

	Xiaomi
	Yes
	

	SONY
	Yes
	

	ITRI
	Yes
	If the contention resolution in 2-step RACH is needed, it could be done similar to 4-step RACH.

	CMCC
	Yes, but
	The possibility and the method of reducing the payload size of the UE IDs used in the contention resolution in 2-step RACH should be discussed.

	vivo
	Yes
	

	MediaTek
	Yes
	It is best to keep the contention resolution mechanisms unchanged from legacy 4-step RACH, as much as possible.

	Nokia
	Yes
	

	Samsung
	Yes
	

	Qualcomm
	Yes
	

	Sierra Wireless
	Yes
	Contention resolution should use the same RNTI. However there are some opportunities to consider.

A new RNTI similar to RA-RNTI could be used. The new RNTI could also be calculated based on a function of the randomly chosen UL time/frequency/signature resources, and a configured base RNTI. 

RA-RNTI could be used accompanied by a new RNTI for use in further communication. The new RNTI could be as proposed above or legacy RNTI for connected mode.

The RA-RNTI could also be used for fallback to 4-step RACH. 


Conclusion: 21 companies responded to the question and all agree that the contention resolution can be done similar to 4-step RACH. 3 companies pointed out the UE identifier and msg1 size will need to be worked out with RAN1 later. 

Proposal 6: 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. The type of UE identifier(s) is FFS.

Several companies also brought up the issue of fall-back to 4-step RACH, for example if the gNB detects the preamble in msg1 but not the payload. This can also be used if the UE does not get a response to the first message in a given time or gNB sends a different type of second message. The details can be discussed at a later phase, including the cases when this can be used (e.g. either in Connected or Idle/Inactive or both). 
Question 7: Should fall-back to 4-step RACH after sending first message in 2-step RACH be supported?

	Company
	Response
	Comments

	OPPO
	Yes
	We think this can be discussed at later phase, and in our view it can be supported with the assumption that the preamble is at least transmitted the first message, e.g., as an example case illustrated by the rapporteur that when the network only detects the preamble but not the payload, an legacy RAR can be sent instead, thus the fall back to 4-steps RACH is performed.

	LG
	Yes
	In the first step of 2-step RACH, if gNB successfully receives only the preamble but not the payload, falls back to 4-step RACH with the transmitted preamble. In other words, gNB can transmit a RAR message including the successfully received preamble index.

	ZTE
	No
	We don’t see any clear benefit to support the fall-back from 2-step RACH to 4-step RACH.

We think the decoding performance for preamble is the same for 2-step RACH and 4-step RACH. If the NW cannot decode the preamble in 2 -step RACH due to the poor radio condition, the NW cannot decode the preamble in 4-step RACH too, thus the fallback operation is not helpful.

In case the preamble can be decoded successfully but the payload part cannot, the NW can simply grant a resource for the UE in Msg2 instead of triggering the fallback operation. In any case, this also needs input from RAN1.

	Ericsson
	Yes
	It would give better flexibility with support of fall-back to 4-step RACH after sending first message via 2-step RA. If we introduce retransmission of the message part of the first transmission in 2-step RA, that would be almost exactly as a fall-back to 4-step RA. 

	InterDigital
	Yes
	

	Intel
	Yes
	

	Lenovo, Motorola Mobility
	Yes
	We think this should be supported especially for the unlicensed carriers, but the detailed mechanism can be left open for the time being.

	Charter Communications Inc
	Yes
	

	CATT
	Yes, but
	Some kind of fallback could be needed, although it might not be the exact legacy CBRA requiring the UE to restart from scratch.

	Apple
	Maybe
	It is dependent on whether NW can detect preamble only. 

	Huawei 
	No 
	Firstly, we needs to settle down the content of Msg1 before we talk about fall back mechanism. As the scenario mentioned in the question says “if the gNB detects the preamble in msg1 but not the payload”, however, actually whether preamble is include in Msg 1 is up to RAN1. 

In addition, even if RAN1 agrees to have preamble in Msg1, whether fall back should be supported still depends on whether RAN1 will introduce additional mechanisms to distinguish preambles for 2-step and 4-step RACH e.g, through PRACH resource or preambles. 

So we think it is too early to discuss about fall back mechanism and if discussed, this should be discussed in RAN1 firstly. RAN2 should not progress on the related discussion as it is highly dependent on RAN1. 

	NEC
	No
	similar view as Huawei 

	Xiaomi
	Yes
	The failure rate of Msg3 transmission in msg1 payload for 2-step RACH may be higher than msg3 transmission in 4-step RACH. Fallback will help solve the continue failure of msg1 transmission.

	SONY
	Yes
	Yes, we think fall back-back to 4 step RACH after fist message in 2-step RACH should be supported, and solutions are to be discussed in a later stage.

	ITRI
	Yes
	The UE ID included in MsgA would need more studies.

	MediaTek
	Yes
	Fall back to 4-step RACH could be one of the options for improving the reliability and latency of the random access procedures in 2-step RACH although other options may be considered.

	Nokia
	Yes
	This can be discussed at a later phase. Whether the fall-back should be based on preamble detection or if it should be based on the UE using different preamble resources should be discussed further. In general, this design will depend on whether the 2-step and 4-step approaches share the same resource set for the preambles.

	Samsung
	Yes/No
	The possibility that gNB can detect the preamble but not payload depends on RAN1 design of Msg1. Should be discussed further based on inputs from RAN1.

	Qualcomm
	Yes
	However, feasibility depends on physical layer design.

	Sierra Wireless
	Yes
	Could use the RA-RNTI to indicate 4-step RACH and another set of RNTI for 2-step.


Conclusion: 20 companies responded to the question. 17 companies think that this can be supported with 3 of them pointing out that preamble only detection depends on RAN1 design. 3 companies do not think fall-back is feasible citing the same reason. It is clear that fall-back to 4-step will require support from physical layer design which is mentioned in the question. RAN2 can either wait for RAN1 design and agree on fall-back only after it becomes feasible or request RAN1 to design physical layer design to be compatible.

Proposal 7: Fall-back to 4-step RACH after sending first message in 2-step RACH can be supported if this is feasible from physical layer perspective. RAN2 to discuss whether to request RAN1 for this support.
RAN2#103 also agreed that “R2 assumes that RACH may be enhanced by additional opportunities, e.g. in time or frequency domain, FFS which messages the additional opportunities apply to”. The agreement was made in the context of enhancements to 4-step RACH but naturally it should apply to 2-step RACH. Therefore, it would be good to confirm this.
Question 8: Do additional opportunities for RACH transmissions also apply to 2-step RACH?

	Company
	Response
	Comments

	OPPO
	Yes
	See Q4, we think any enhancements which have been done for 4 steps RACH may also be applied to 2-steps RACH in principle for unlicensed operation.

	LG
	Yes 
	In NR-U, at least, an additional opportunity should be applied to 2-step RACH due to LBT. We think any enhancements which have been done for 4 steps RACH may be applied to 2-steps RACH for NR-U.

	ZTE
	Yes
	Additional opportunities are helpful in NR-U for both 2-step RACH and 4-step RACH.

	Ericsson
	Yes
	2-Step RA is also subject to LBT. It would be beneficial to enhance 2-step RA by additional opportunities. 

	InterDigital
	Yes
	LBT-related enhancements studied for RA in NR-U should also be applicable to 2-step RA in NR-U.

	Intel
	Yes
	

	Lenovo, Motorola Mobility
	Yes
	

	Charter Communications Inc
	Yes
	

	CATT
	Yes
	To get the similar RACH occasions considering LBT, additional opportunities should be provided for 2-step RACH.

	Apple
	Yes
	Due to LBT on unlicensed cell, additional opportunities are helpful for both 4-step RACH and 2-step RACH.

	Huawei 
	Yes but 
	We think it is too early to have this kind of confirmation for 2-step RACH as we are still FFS which messages the additional opportunities apply to for 4-step RACH. In addition, if this kind of enhancement on transmission opportunities relates to configuration on physical resources, then it is up to RAN1 to confirm whether this applies to 2-step RACH.  

	NEC
	Yes
	

	Xiaomi
	Yes
	

	SONY
	Yes
	Additional opportunities would be beneficial and it should be applicable for 2-step RACH as well

	ITRI
	Yes
	

	vivo
	Yes
	

	MediaTek
	Yes
	Additional opportunities for RACH transmissions should be applicable to 2-step RACH as well. They can be useful for reducing the LBT impact, which still exists even though the number of messages is reduced for 2-step RACH.

	Nokia
	Yes, but
	Network may create separate configurations for 2-step and 4-step

	Samsung
	Yes
	

	Qualcomm
	Yes
	


Conclusion: 20 companies responded to the question and all but one agree that additional opportunities for RACH transmissions also apply to 2-step RACH . One company thinks that it is too early to agree to this. 
Proposal 8: Additional opportunities for RACH transmissions, e.g. in time or frequency domain, should be supported for 2-step RACH .

When the UE performs initial access, it needs to know whether a cell supports 2-step RACH (and also fallback if agreed) along with other parameters, e.g. the resources for payload transmission. Therefore, it seems essential that these parameters are broadcasted similar to legacy RACH ones.

Question 9: Do you agree that the parameters for 2-step RACH, including resources for payload transmission, will be broadcasted in SIB1? Please also list any parameters needed which are different than the legacy 4-step RACH.
	Company
	Response
	Comments

	OPPO
	Yes/but
	Some other means to indicate the resources for payload transmission should be allowed for study, e.g., by configure implicitly mapping relationship between preamble/PRACH resources and resources for payload instead of explicitly indicating the resources in SIB1.

	LG
	Yes and
	TC-RNTI for a resource for payload transmission can be broadcast in SIB1. If TC-RNTI is not broadcast in SIB1, the UE can compute the TC-RNTI similar to RA-RNTI. 

	ZTE
	Yes
	The configuration parameters for 2-step RACH should be broadcasted though SIB1. Besides the configuration of preamble transmission resources, at least, the configuration of PUSCH resources for payload transmission and the mapping between preamble resources and PUSCH resource will be needed. More input from RAN1 is needed before we can discuss the details. 

	Ericsson
	Yes
	The parameters need to be signalled may include

1)indicator on the enabling of 2-step RACH

2)indicator on the enabling of fall-back between 2-step RA and 4-step RA (or that may be implicit, all 2-step might have to support this fall-back)

3)preamble groups (preambles reserved for 2-step RA)

4) public resources for payload transmission in the first message (e.g., resources in frequency and time domain, HARQ process IDs, power allocation, MCS option etc(i.e. ,we are assuming it may be beneficial to support link adaptation for the first message if it is possible))

5)indicator on the enabling of early data transmission 

	InterDigital
	Yes
	Parameters should include the PUSCH resources for the payload part of the first message, along with any parameters necessary for the association between PUSCH and PRACH resources.

	Intel
	Yes, but
	For which RACH triggers 2-step RA is to be supported by the network are configured by the network. Where it should be signalled can be discussed in WI phase as it depends on the random access triggers.

As on resource allocation, it is a bit too early to discuss where and how resources are signalled. Furthermore, the parameters required may need to be provided by RAN1 (e.g. like coding of UL grant in RAR)

	Lenovo, Motorola Mobility
	Yes
	The information to be broadcast depends on the detailed design.

	Charter Communications Inc
	Yes
	In general, yes, but we agree with Lenovo in that exact information to be broadcasted for 2-step RACH (and possibly its fall-back to 4-step) will depend on the detailed design (expected to be completed during WID phase).

	CATT
	Yes, but
	If 2-step RACH is to be used for initial access from idle, it seems unavoidable that the associated parameters are broadcasted in SIB1. It is too early though to discuss the details of such parameters, which highly depend on RAN1 design.

	Apple
	Yes
	Support of data transmission in Msg1 requires the resource configuration for the data part. We donot know the detail format of new Msg1 transmission, so the configuration parameters should be based on RAN1 input. 

	Huawei 
	No 
	Firstly we think this depends on RAN1 confirmation on whether 2-step RACH applies to initial access from RRC IDLE mode or not. In addition, it is too early to discuss about this since the detailed design of the messages in 2-step RACH has not been determined, which makes the parameters needed for initial access not clear and also the parameters needed depend on RAN1 determination. 

	NEC
	Yes
	Basically Yes but details can be discussed after L1 design fixed or even in WI phase.  For now, the assumption can be to broadcast radio resource configurations specific to 2 step RACH. 

	Xiaomi
	Yes
	

	SONY
	Yes
	Besides reserved resources for payload transmission, reserved preambles and/or RACH resources etc. should be broadcasted as well. But we think the details could be discussed in a later stage.

	ITRI
	Yes, but
	We share the same view as CATT. 

	vivo
	Yes
	We agree with Ericsson. In addition to the parameters proposed by Ericsson, we consider that the PUCCH configuration may be need if HARQ feedback is supported for MsgB, considering that the UE needs to send the HARQ feedback after the successful contention resolution in the 4-step RACH.

	MediaTek
	Maybe
	It seems reasonable that the resource configuration for 2-step RACH follows similar methods as 4-step RACH, however the details can be discussed in later stages.

	Nokia
	Yes, but
	If the 2-step RA is applicable for "initial access" type of triggers, then broadcast signalling is needed. However, additional parameters may be needed to enable network configurability for the use of 2-step RACH resources. Whether the resources would be in SIB1 or in other SIB can be discussed in the WI phase.

For non-initial access type of cases the resource configuration can be UE specific.

	Samsung
	Yes, but…
	Configuration of parameters for 2 step RA should be signalled in same manner as 4 step RA. Details of parameters can be discussed after RAN1 has completed the Msg1 design.

	Qualcomm
	Yes
	Agree with others that details can be discussed during WI phase.

	Sierra Wireless
	Yes
	May need to broadcast indications for the RNTI


Conclusion: 20 companies responded to the question and all but one agrees that broadcasting of these parameters should be supported with 7 companies also stating that details should be discussed later and 2 companies pointing out that this is contingent upon 2-step RACH usage for initial access. One company thinks that RAN2 should not agree to this and wait for RAN1 design. There is large majority who think that this should be supported so this can be taken as a way forward.
Proposal 9: Assuming 2-step RACH is used for initial access, the parameters for 2-step RACH, including resources for payload transmission, will be broadcasted in SIB1. The actual parameters are FFS.
3. Conclusion and Proposals
Based on the feedback provided by companies, the following are proposed for 2-step RACH:
Proposal 1: From RAN2 perspective, the first message in 2-step RACH is a preamble-like signal and a payload while the second message is for contention resolution for CBRA with a possible payload .
Proposal 2: As a baseline, all the triggers for 4-step RACH are also applicable to 2-step RACH with the following caveats: 1-) SI request and BFR cases need further study. 2-) How timing advance and grants are obtained for first message should be taken into account.

Proposal 3: The first message for 2-step RACH will at least include the equivalent information which is transmitted in msg3 for 4-step RACH.
Proposal 4:  From RAN2 perspective, the same 2-step RACH design should be applicable to both licensed and unlicensed. The impact of LBT and further optimizations for unlicensed can be discussed further.

Proposal 5: RAN2 should discuss further whether contention-free msg1 can be used for 2-step RACH  (where a dedicated payload grant is configured along with a preamble).

Proposal 6: 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. The type of UE identifier(s) is FFS.

Proposal 7: Fall-back to 4-step RACH after sending first message in 2-step RACH can be supported if this is feasible from physical layer perspective. RAN2 to discuss whether to request RAN1 for this support.

Proposal 8: Additional opportunities for RACH transmissions, e.g. in time or frequency domain, should be supported for 2-step RACH .

Proposal 9: Assuming 2-step RACH is used for initial access, the parameters for 2-step RACH, including resources for payload transmission, will be broadcasted in SIB1. The actual parameters are FFS.
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