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1. Introduction
This document is used to collect the thoughts from different companies for the email discussion below: 

[105bis#30][NR/2-step RACH]  - Procedures and mgsB content (ZTE)
-	Msg B contents
-	Contention resolution 
-	Whether we can multiplex 2-step RACH and 4-step RACH in one MAC PDU.
	Intended outcome:  Set of agreeable proposals
	Deadline: Thursday 2019-05-02

At RAN2#105-bis meeting, the following agreements were made [1]: 

Triggers:
Agreements
1.	2-step RACH is applicable for Msg3 based SI request.
2.	2-step RACH is applicable for CB BFR.  FFS for CFRA

Procedure:

	Agreements:
1. Criteria on whether the UE uses 2-step RACH or 4-step RACH shall be clearly specified 
2. The start of the msgB reception window is after the PUSCH transmission opportunity of msgA.  Details are FFS for 2-step RACH and fallback. 
3. If CCCH SDU was included in MsgA, then the contention resolution will be based on the contention resolution ID included in MsgB.  FFS for other conditions. 



In addition to the above, it was also agreed that minimum payload sizes of 56 and 72 bits is supported for msgA, whilst any higher payload sizes than the above are left for further RAN1 discussion [2]. 
2. Discussion
2.1. Selection of 2-step vs 4-step RACH
It was agreed that criteria for selecting 2-step RACH will be specified. So, in this section we discuss what these criteria can be. 
Firstly, it is obvious that any UE (even the UE supporting 2-step RACH) will be allowed to also send 4-step RACH. So, the criteria for selecting 2-step RACH will be an additional set of condition(s) that the UE shall check before it is allowed to send 2-step RACH. 

Based on the contributions, the following criteria have been identified: 
· Option1: Based on radio quality 
· Network configures a radio quality related threshold (e.g. RSRP threshold or ReceivedTargetPower) and UE selects 2-step RACH if the quality criterion is satisfied. 
· The main reason for using such a threshold is to enable network to allow usage of 2-step RACH only when the radio quality is sufficient to ensure reliable detection of the PUSCH payload. 
· Option 2: Based on UE access category (when the access category is provided by upper layers during the access)
· This option is applicable for IDLE or INACTIVE states. If this is chosen, we should discuss how the selection is made in case of connected state (when access category is not provided by upper layers)
· Option 3: Network configuration (e.g. indicating to all UEs via SIB, or dedicated configuration in RRC_CONNECTED/INACTIVE states)
· This option may also be used in addition to any radio quality based threshold in option 1 (i.e. if the UE is configured for 2-step RACH, it can use 2-step RACH if the radio quality is above the threshold etc)
· Option 4: Based on logical channel
· Network configures whether to allow 2-step RACH for a logical channel. When random access procedure is initiated by an event for a logical channel, UE selects 2-step RACH if 2-step RACH for the logical channel is allowed.
· Option 5: Based on RACH overload factor broadcasted by gNB
· This option is similar to option 2 but is applicable to all UEs. gNB can evaluate the RACH load and broadcast overload factor (0~1, lower value for high load and higher value for lower load). UE calculates a random number 'rand' uniformly distributed in the range (0~1) and if 'rand' is lower than the overload factor, UE can perform 2-step RACH. The mechanism is same as AC. This option mainly aims at addressing the PUSCH load and collisions, especially considering multiple preambles in one RO associated to one PUSCH (“Option 2: Shared RO but separate preambles for 2-step and 4-step RACH” in RAN1 agreements). If the Random Access load is high in this configuration, there is little chance for gNB to correctly decode colliding PUSCHs. So 4-step RACH from scratch for most UEs is a better choice.
· Option 6: Based on MAC PDU size to be sent in MsgA PUSCH (or the needed PRB number of MsgA PUSCH).
· UE can evaluate the potential MsgA PDU size, if the potential MsgA PDU larger than the permitted PDU size configured for the PUSCH occasion, or, according to the MsgA PDU size the needed PRB number is larger than the PUSCH occasion PRB number, the 2-step RACH cannot be performed.
· The method is aiming at guarantee the priority of UL critical small data. The UL small data traffic is the basic scenario and the latency reduction is the most considered purpose for 2-step RACH e.g. high-prioritized data has typically small size like URLLC data IIoT data for which latency reduction is important. The delay reduction advantage of 2-step RACH is not obvious compared to 4-step RACH if UEs cannot send data in one PUSCH transmission opportunity. Big data should be low priority to use 2-step RACH than small data.
During the online discussion, it was commented that some aspects of this discussion are related to RAN1. However, given that at least some of the criteria mentioned above are more relevant to RAN2 (e.g. option 2, 3 etc) and in any case, even option 1 above will eventually be specified in MAC spec, it is proposed that RAN2 at least discusses this and if we can identify a way forward, we can inform RAN1 about this. 

Q1: What are company views on which option should be selected for selection of 2-step RACH 
	[bookmark: _Hlk7699279]Company
	Option
	Comments if any

	ZTE
	Option 1 and Option 3
	For the option 1, we think it is preferable to limit the usage of 2-step RACH to the area within a cell where the PUSCH can be reliably decoded. Given this, a condition on the radio quality shall be taken into account.
For the option 3, for the UE in RRC_CONNECTED/INACTIVE mode, since the QoS requirement for the established bearers are known to the network, the network should be allowed to configure whether the 2-step RACH procedure is allowed or not. This may be done using dedicated signaling. 
Although the intention of option 2 is to provide some sort of load balance between 2-step RACH and 4-step RACH for IDLE/INACTIVE state UEs, the granularity of the access category is not accurate enough for this purpose. Hence, we don’t think option 2 is needed. 

	LG
	Option 4
	For option 1, if the radio quality is lower than the threshold, the preamble transmission of 4-step RACH may be also not successful. In addition, since we are considering the fall back procedure to 4-step RACH within a RA attempt, there is no reason to trigger only the 4-step RACH procedure based on the radio quality. The main purpose of the 2-step RACH is latency reduction. If the UE uses the 2-step RACH for the purpose, the criteria should be specified for these purposes, not for channel quality. The lower channel quality is fully covered by the fall back procedure to 4-step RACH within a RA attempt.
From this point of view, we think that usage of 2-step RACH should be configured based on the logical channel(s). For example, if logical channel for CCCH is allowed for the 2-step RACH, the 2-step RACH is triggered for the initial access procedure of UEs in RRC_IDLE/INACTIVE. Also, the network can dedicatedly configure the specific logical channel(s) for UEs in RRC_CONNECTED. Then, the UE can start the 2-step RACH procedure only when CBRA is triggered to transmit a BSR or data for the configured logical channel.
For option 2, Access Category is used to perform access barring check for an access attempt associated with the Access Category. It is just a criteria for determining whether UE should consider the access attempt as barred.

	Samsung
	Option 1 & 3
	For option 1, network can configure RSRP threshold. UE select 2 step RACH if DL RSRP > threshold. This ensures that MsgA is transmitted when there is high likelihood of successful decoding of PUSCH part of MsgA.
For option 3: Network can indicate whether to use 2 step or 4 step RA in PDCCH order, during reconfiguration with sync. 

	OPPO
	
	For option 1, the reason why we use RSRP as threshold is not clear:
· By using RSRP, do we assume the coverage supported by 2-step RACH is worse than 4-step RACH? If that is the case, we think we need to consult to RAN1 regarding the coverage, and RAN2 can not decide whether RSRP can be used as criteria for selecting 2-step RACH and 4-step RACH. If coverage is not an issue, why do we use RSRP as the criteria? 
· Or, based on the rapporteur’s argument, it’s assume that the reliable detection of the PUSCH payload would become worse if radio quality is bad, however, if this is the case, UE anyway can fall back to 4-step RACH using the grant in RAR to transmit msg3.
· If we use RSRP as the criteria, when there are lots of UEs which meet the RSRP threshold, all those UEs will use 2-step RACH which cause congestion, in the senson, it seems RSRP is not a proper criteria for the UE to select RACH type with respective to load balance among 2-step RACH and 4-step RACH.
From RAN2 point of view, all the option 2, 3 and 4 can be discussed, There is another simple way to have load balance between 2-step RACH and 4-step RACH by using a random value, e.g., 0.5, so that the number of UEs selecting 2-step RACH and 4-step RACH can be equalized.

	NEC
	Option 1 & 3
	Basically, we would like to wait for RAN1 conclusion, while if companies want to discuss in RAN2, then we prefer to go with Option 1 and 3. The option 4 may be also categorized as option 3 (sub-option) but no strong view for this.

	CATT
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Option 1  but no new threshold introducing.

Option 5
	For option 1, we agree radio quality related threshold should be considered, but it should be the existing rsrp-ThresholdSSB. Indeed, UE always performs SSB/CSI-RS selection for preamble transmission based on rsrp-ThresholdSSB. We think RAN1 should guarantee PUSCH transmission (via specific MCS, resource allocation, etc) when suitable SSB can be selected since 2-step RACH is configured for the PRACH and PUSCH pair. If no suitable SSB can be selected based on rsrp-ThresholdSSB, we can assume PUSCH can’t be transmitted correctly. In such case, 4-step RACH should be performed. In summary, when UE can select a suitable SSB/CSI-RS based on current procedure and threshold, 2-step RACH can be used. Otherwise, 4-step RACH should be used. No other threshold, such as new RSRP threshold or ReceivedTargetPower for PUSCH is needed.
Option 5 is similar to option 3 but does not require gNB to explicitly (re)configure each UE in a cell to address the RACH load. 
Below are RAN1 agreements:
	Working assumption:
· At least support one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.
· Configurable number of preambles (including one or multiple) mapped to one PUSCH resource unit


In this option, gNB can control the collision of PUSCH and improve the reliability of PUSCH transmission. For example, gNB can consider the load of 4-step RACH to adjust the overload factor for 2-step RACH.

	Intel
	1 and 3
	For Option 1, the main reason for us is that the network can use radio quality to limit the number of UEs using 2-step RACH. As on whether it is used for reliability depends on RAN1.
For Option 3, again the network can configure the RA triggers that can use 2-step RACH to limit the use case and number of UEs using 2-step RACH. 

	CMCC
	Option1&3
	Agree with Samsung.

	Nokia
	Option 1 & 3
	Which are the simplest. Option 1 avoids the UEs at the cell edge with too bad channel quality selecting 2 step RACH as otherwise the PUSCH resource configuration always needs to consider worst case which would be quite inefficient. Option 3 could be applicable to PDCCH order, reconfiguration with sync for CONNECTED mode, as well as to INACTIVE/IDLE mode UEs if they receive some indication in the RRC suspend/release msg. If multiple criteria is configured, all need to be met to select 2 step RACH.

	SONY
	Option 3
	 Network may broadcast to use 2-Step RACH for initial access first and fallback to 4-Step RACH if not successful. 

	Huawei
	Option3 and wait for RAN1 progress for selection based on RSRP
	We think RAN2 should not make the decision by itself since RAN2 lacks proper knowledge on the coverage performance of msgA compared with msg1 in the radio quality. It also seems to be unreasonable to only select 2-step RACH when the UE is not at the cell-edge.  Congestion will happen at the resource pool of 2-step RACH when all the UEs close to the gNB selects 2-step RACH resource. While when the RSRP does not satisfy the threshold, it can be well understandable that the UE only selects 4-step RACH resource. 
In addition, Option3 should also be supported such that the network can indicate to the UE which type of RACH resource to use, similar to R15 where the network can indicate CFRA or CBRA to the UE.

	Apple
	Option 1 and 3
	For option 1, in order to increase the successful probability of receive PUSCH part of MsgA in NW side, the radio quality requirement for MsgA transmission should be higher than Msg1. Therefore, radio quality should be the criteria for RACH type selection. 
For option 3, NW should have the flexibility to enable the 2-step RACH for some UEs who are capable of 2-step RACH and who have the service with low latency requirement, and the configuration is via RRC dedicated signaling and can be triggered by PDCCH order. 

	Lenovo
	Option 1 and 3
	Agree with Samsung. In addition we think that UE power status should be also considered as a criteria, e.g. required transmit power is related to RSRP. This would also ensure that MsgA can be successfully received with a sufficiently high probability.

	InterDigital
	Option 3
	Parameters related to 2-step RA, including the RACH and PUSCH resources can be indicated via dedicated or broadcast signaling. Option 1 may also be considered following progress in RAN1.

	Charter Communications
	Option 3 only
	With option#1, relying on any metric as threshold is neither decisive nor predictive. Therefore, we see little value in option#1. If both UE and network support 2-step RACH, and the network has advertised its usage being allowed in a given cell either in L3 (RRC signalling) or L1 (DCI) (which is what we understand option 3 to be), then UE should be able to decide whether or not 2-step should be initiated. L1 signalling can toggle the feature if configured by L3.
Additional metrics e.g. LBT statistics may prove as a valueable selection criteria for when NR-U aspects (under NRU WID) are discussed.

	ETRI
	Option 1 and Option3
	In order for the reliable reception of the PUSCH payload 2-step RACH should be performed when the radio quality is satisfied the threshold condition. Also network can be configure whether the 2-step RACH procedure is allowed or not.

	Ericsson
	1&3
	

	vivo
	Option 5 but
	For option 1, we share the same view with OPPO. Coverage issue should not be considered as a major factor in the selection between 2-step and 4-step RACH. And it has already been agreed in the WID that 2-step RACH is applicable to any size supported in R15. In fact, MsgA PUSCH collisions or interference determines the transmission success ratio of MsgA PUSCH. However, it may be difficult to guarantee the load balance between 2-step RACH resources and 4-step RACH resources by merely configuring the radio quality based threshold, as the number of UEs with good channel condition and UEs suffering from poor channel condition cannot be obtained by gNB.
In order to ensure the MsgA PUSCH transmission success ratio, we think the UE should firstly select a SSB above a configured threshold (e.g., rsrp-ThresholdSSB), as in 4-step RACH. And then if the selected SSB is associated with both the 4-step RACH resources and 2-step RACH resources, UE will select either 2-step or 4-step RACH based on option5, which is beneficial to control the load balance. Besides, the RACH load factor can also be configured by dedicated RRC signalling for RRC CONNECTED UE. 

	Qualcomm
	Option 1 & 3
	Due to larger payload size of msgA, 2-step RACH requires more link budget than 4-step RACH. A good radio link quality can help msgA to achieve high possibility to successful transmitting the larger payload size. We think 2-step RACH need much better link quality than 4-step RACH. So, we support option 1. 
For option 3, network can configure through dedicated signaling to indicate the RRC connected UE to select either 2-step RACH or 4-step RACH. Furthermore, RACH triggering based 2-step and 4-step RACH selection should also be supported based on network configuration. Network is allowed to configure UE to preform 2-step or 4-step RACH based on different RACH triggering events.

	NTT DOCOMO
	Option1,3 and 4
	For Option1, we think that UE should roughly estimate 2 step RACH would be successful, i.e. MsgA PUSCH (and PRACH) will  be successfully received by gNB. One possibility is that UE evaluates the resulting transmission power can be ensured based on the measured RSRP and target received power at gNB as for the existing RAP Group A and B selection principle. 
For Option3, the UE’s selection of 2 step RACH and 4 step RACH should be under gNB control. 
For Option4, it would be good to avoid the situation that 2 step RACH triggered for delay tolerant service is collided with that for delay sensitive service. 

	MediaTek
	Option 3
	For option 1, we need input from RAN1, on whether a new radio quality threshold like RSRP should be introduced to select between 2-step and 4-step RACH. For option 3, more clarification is needed how/when the network makes the decision. Ultimately it should be based on the scenario – depends on if the scenario is latency critical or not.

	Fujitsu
	1 & 6
	If the gNB cannot demodulate the MsgA successfully for the UE’s poor channel condition the efficiency (latency) of 2-step RACH will be even worse than 4-step RACH. If gNB can’t decode msgA gNB will response a fall-back RAR for UE to perform 4-step RACH, which is less efficient than UE initiating 4-step RACH directly. The even worse case is if the gNB not supporting the fall-back mechanism UE will retransmit msgA several times until gNB can decode successfully.
It will be helpful for improving the efficiency (latency) if UE can select RACH type by the channel quality, if the channel quality is fulfilled UE select 2-step RACH, e.g. the channel quality measured by power of SS-RS or CSI-RS is above a predefined threshold or the path loss below a predefined value 2-step RACH can be selected.
MCS can also represent the radio quality. The possible method is that if the MCS selected by UE unable to match the configured MCS of the selected PUSCH occasion(s) 2-step RACH can’t be selected. The detail of Option 1 is much depending on RAN1, down selection from below alts is required for RAN1:
Alt.1 : RS power of SS-RS/CSI-RS
Alt.2: Path loss of radio link
Alt.3: MCS selected by UE for MsgA PUSCH
In addition to radio quality threshold, it will be much helpful for the RACH performance if the gNB indicates the 2-step RACH capability UEs to use 4-step RACH when detecting the high collision in the PRACH/PUSCH occasion of 2-step RACH. For example, gNB can broadcast the fall-back indication though the system information or send the indication through the random access response.
UL critical small data is the most basic scenario and the latency reduction is the most considered purpose for 2-step RACH, with big data the delay advantage of 2-step RACH is not obvious compared to 4-step RACH. Big data should be low priority to use 2-step RACH. So MsgA PDU size can be another critera on RACH type selection. For UE in connected mode the payload size of MsgA could be more than 56bits or 72 bits, if the potential MsgA PDU larger than the permitted PDU size configured for the 2-step RACH, or, according to the MsgA PDU size the needed PRB number is larger than PRB number of PUSCH occasion, the 2-step RACH cannot be performed. Option6 is depending on RAN1 study on the largest MsgA size.

	Xiaomi
	Option3&5
	we think the overload factor should be FFS to evaluate PUSCH transmission is be correctly decoded, and also the RACH triggering based 2-step and 4-step RACH selection should also be supported based on network configuration.

	Sierra Wireless
	Option 3
	The WID specifies that “2-step RACH is applicable to any cell size supported in Rel-15 NR”. Both 2-Step and 4-Step RACH may therefore be available and have equivalent coverage. To support legacy UEs, 4-Step will always need to be available throughout the cell and new UEs can support both. 2 and 4-Step. If 2-Step is provisioned in a cell with different coverage (TBS etc.) levels that may have less than equivalent coverage compared to 4-Step then a UE that is capable of using 2-Step is within coverage supported by 2-Step in the cell it should use it.

	Panasonic
	Option 1 and 3
	For Option 1, to reduce PUSCH resource overhead reserved for 2-step RACH, multiple-to-one mapping between preamble and PUSCH resource may be necessary. In this case, collisions are more likely for the PUSCH part than for the preamble part. Therefore, there may be the case that channel condition is not good for the transmission of Msg.A PUSCH. For such case, to transmit Msg.A with both preamble and PUSCH is inefficient and it is beneficial to UE to select 4-step RACH. In addition, we see the scenario that 4-step RACH is long length PRACH preamble and 2-step RACH is short length PRACH preamble. Then, 2-step RACH should be used for rather close to gNB. Another reason 2 step RACH is mainly used for close to gNB is related to TA value. TA value of Msg A could be sent before UE knows TA value for RRC_IDLE/INACTIVE. If 2 step RACH is used for larger TA value condition, Msg A would be sent OFDM symbol unsynchronized, which increase the interference. Although unsynchronized Msg.A transmission is supported or not is up to gNB operation matter, one of possible deployment would be 2 step RACH is used for close to gNB where TA value is small value.



The following is the distribution of preferences from companies: 
The following table shows the preference of the companies.
	Company
	Options selected
	Option 1
	Option 2
	Option 3
	Option 4
	Option 5
	Option 6

	ZTE
	Option 1 and Option 3
	yes
	
	yes
	
	
	

	LG
	Option 4
	
	
	
	yes
	
	

	Samsung
	Option 1 & 3
	yes
	
	yes
	
	
	

	OPPO
	
	
	
	
	
	
	

	NEC
	Option 1 & 3
	yes
	
	yes
	
	
	

	CATT
	Option 1  but no new threshold introducing.
Option 5
	yes
	
	
	
	yes
	

	Intel
	1 and 3
	yes
	
	yes
	
	
	

	CMCC
	Option1&3
	yes
	
	yes
	
	
	

	Nokia
	Option 1 & 3
	yes
	
	yes
	
	
	

	SONY
	Option 3
	
	
	yes
	
	
	

	Huawei
	Option3 and wait for RAN1 progress for selection based on RSRP
	
	
	yes
	
	
	

	Apple
	Option 1 and 3
	yes
	
	yes
	
	
	

	Lenovo
	Option 1 and 3
	yes
	
	yes
	
	
	

	InterDigital
	Option 3
	
	
	yes
	
	
	

	Charter Communications
	Option 3 only
	
	
	yes
	
	
	

	ETRI
	Option 1 and Option3
	yes
	
	yes
	
	
	

	Ericsson
	1&3
	yes
	
	yes
	
	
	

	vivo
	Option 5 but
	
	
	
	
	yes
	

	Qualcomm
	Option 1 & 3
	yes
	
	yes
	
	
	

	NTT DOCOMO
	Option1,3 and 4
	yes
	
	yes
	yes
	
	

	MediaTek
	Option 3
	
	
	yes
	
	
	

	Fujitsu
	1 & 6
	yes
	
	
	
	
	yes

	Xiaomi
	Option3&5
	
	
	yes
	
	yes
	

	Sierra Wireless
	Option 3
	
	
	
	
	
	

	Panasonic
	Option 1 and 3
	yes
	
	yes
	
	
	

	Summary
	15
	
	19
	2
	3
	1



Based on the table above, the statistics for options selected are shown as follows:
Option 1: 15/25
Option 2: 0/25
Option 3: 19/25
Option 4: 2/25
Option 5: 3/25
Option 6: 1/25

It seems more than half the companies that answered prefer option 1 and option 3. However, it was also mentioned by various companies that at least option 1 (radio quality threshold) should be further considered in RAN1. 
So, based on the above, we can agree that from RAN2 perspective both seem preferable but the final decision on radio quality threshold is up to RAN1. 
Proposal 1: From RAN2 perspective, 2-step RACH selection can be based on:
· Option 1: radio quality
· Network configures a radio quality related threshold (e.g. RSRP threshold or ReceivedTargetPower) and UE selects 2-step RACH if the quality criterion is satisfied. 
· Option 2: (e.g. indicating to all UEs via SIB, or dedicated configuration in RRC_CONNECTED/INACTIVE states)
Proposal 1a: Final decision on the need and details of the radio quality-based threshold (option 1) is up to RAN1

Another related question is whether, after initiating the 2-step RACH procedure, the UE can switch to 4-step RACH procedure and vice-versa (i.e. whether the criterion per Q1 is re-executed or not for each retransmission of msgA/msg1).

Q2: Should the UE perform the RACH type selection for every retransmission attempt of msgA/msg1 within a given RACH procedure? 
	[bookmark: _Hlk7700303]Company
	Yes/No
	Comments if any

	ZTE
	Yes
	Since we the radio condition shall be considered in the RA type selection, and the radio condition may be changed between two MsgA transmission attempt, we think the change of RA type shall be allowed in case of RA retransmission.

	LG
	No
	Since the 2-step RACH is triggered only for the allowed logical channel(s) as answered in Q1, it is sufficient for a UE to select the same RACH type for all the retransmission attempts when the CBRA is triggered.

	Samsung 
	No
	Even if radio condition is used, similar to UL/SUL selection, RACH type selection is performed at the beginning of RA procedure. 

	OPPO
	NNo
	It may cause some issues if UE needs to perform RACH type selection for every attempt. For example, if msgA is transmitted and no response is received, UE performs RACH type selection and 4-step RACH is selected. In this case, since network can not link these two attempts with a same UE so that probably it will give a UL grant with different size than the MAC PDU for the previous msgA transmission, if this is the case, it will cause data loss when the UL grant size is different with the MAC PDU buffered for msgA.

	NEC
	NNo
	Same view as Samsung.

	CATT
	Yes
	UE should perform SSB/CSI-RS selection anyways. Please refer to our consideration on Q1 option1.

	Intel
	No
	Similar to selection of UL and NUL, the selection of 2-step and 4-step RACH is part of the initialization part of the RACH procedure and not part of the resource selection of the RACH procedure. Once the UE fallback to 4-step, it should continue with 4-step RACH procedure.

	CMCC
	No
	RACH type selection is only performed at the beginning of RA procedure. During retransmission attempt of msgA/mag1, UE increases transmission power as legacy UE. If UE changes the RACH type and uses initial transmission power, the preamble transmission may fail again.

	Nokia
	No
	Cleaner to do the selection only at RACH initiation and fall back only if indicated by the NW – same logic is already applied for UL/SUL selection as well as preamble group selection. Performing selection at every re-attempt might complicate the counter/power ramping for the two type of RACH as they might be configured with different values.

	SONY
	No
	UE continues same RACH type for retransmissions.

	Huawei
	Yes
	During each retransmission of msgA, the condition for RACH type selection is changing, such as the radio condition and the delay. It is necessary to reevaluate the condition for RACH type selection as discussed in Q1. Hence, the selection of RACH type should be similar to that of the SSB selection rather than SUL/NUL selection that it is performs at each RACH retransmission. 
RACH type selection is essentially RACH resource selection, which fits naturally into the current framework of RACH resource selection in the MAC spec that includes the selection for SSB, preamble and RACH occasion.

	Apple
	No
	RACH type is only selected by UE when initiating the RACH procedure. Fallback to 4-step RACH during RACH procedure can be considered based on some conditions. 

	Lenovo
	No
	Same view as Samsung.

	InterDigital
	No
	Though that shouldn’t preclude fallback to 4-step RA upon after the initiation of the 2-step RA procedure.

	Charter Communications
	No
	Same view as Apple, and InterDigital.

	ETRI
	No
	It is reused the RACH selection scheme for UL and SUL.

	Ericsson
	No
	Same as with SUL/NUL selection, this should be carried out during procedure initialization phase.

	vivo
	Yes
	As mentioned in Q1 above, UE will select the SSB based on the RSRP before the RACH type selection. Thus, RACH type can be regarded as one kind of RACH resource. For each RACH attempt, RACH type is selected during the RACH resource selection step.

	Qualcomm
	No
	We don’t think it is needed to do RACH type selection for ‘every’ reattempt. If UE starts to perform RACH from 2-step and is failed, UE can be allowed to retransmit the msgA with a reselection of preamble to re-attempt 2-step RACH.

	NTT DOCOMO
	Yes
	It depends on the criteria to select 2 step and 4 step. We assume at least radio quality should be taken into account and it can change every RA preamble transmission attempt. 

	MediaTek
	No
	It is simpler to do the selection at the initiation of the RA procedure, similar to SUL/NUL.

	Fujitsu
	Yes
	Because gNB procedures are not specified by MAC standard, gNB may not perform the fallback mechanism. In that case or if the 2-step contention resolution fails the UE will retransmit msgA that RA type selection is needed.
The radio quality or channel collision condition may be changed in the cell and the gNB can conduct the UEs to use the more efficient RA type. We see no harm for UE to do the RA type selection whenever the preamble should be retransmission.

	Xiaomi
	No
	Agree with Apple

	Sierra Wireless
	No
	It may be assumed that 4-Step has full cell coverage. If a UE decides to use 2-Step initially then it should continue to attempt 2-Step, increasing the message A power level as necessary until it has exhausted the available options. (Options may be indicated in SIB2 as for 4-Step.) The UE may fall back to 4-Step if that can offer greater than or equal coverage than is available for 2-Step.

	Panasonic
	-
	The meaning of “every retransmission attempt of msgA/msg1” should be clarified. Does it mean to start from preamble selection or to continue of retransmission? Our view is UE should evaluate radio quality judgement for the selection of msgA/msg1 for every transmission attempt.




Based on the above, the majority view seems to be that UE doesn’t need to perform RACH type selection for each retransmission. If additional radio related criteria are agreed in RAN1, it is up to RAN1 to discuss and conclude if these criteria need to be reevaluated for each retransmission. 

Proposal 2: From RAN2 perspective, UE does not need to perform RACH type selection for every retransmission attempt of msgA/msg1 within a given RACH procedure (i.e. if 2-step RACH is selected for initial RA, then all retransmissions use 2-step RACH etc).

Once 2-step RACH is selected for the initial RACH transmission, if the UE uses the 2-step RACH type for all the retransmissions during a RACH procedure (i.e. answer to the Q2 is “No”), one option that was mentioned by multiple companies is whether the UE should then be allowed to switch to 4-step RACH after a specific number of retransmissions using 2-step RACH

Q3: Once 2-step RACH is selected for the initial RACH transmission, if the UE uses the 2-step RACH type for all the retransmissions during a RACH procedure (i.e. answer to the Q2 is “No”), should there be an additional mechanism (e.g. timer or counter based) to enable the UE to switch to 4-step RACH after the specified number of 2-step RACH attempts? 
	[bookmark: _Hlk7701121]Company
	Yes/No
	Comments if any

	ZTE
	No
	We don’t see the need to disallow the 2-step RACH, in case the radio quality can satisfy the related radio quality threshold. It should be noted that anyway, the RACH performance is not different between 2-step and 4-step RACH and in any case, there is the fallback mechanism (i.e. fallback to msg3) in case PUSCH is not decoded successfully. 

	LG
	No
	Since we are considering the fall back procedure to 4-step RACH procedure within a RA attempt, we don’t need to additionally consider the fall back mechanism after several RACH attempts. Anyway, the delay of two mechanisms is same.

	Samsung
	Yes
	PUSCH resources used for MsgA are common for all UEs. Even if fallback to Msg3 is supported, transmission of PUSCH in MsgA is  unnecessary if it is not going to be successfully decoded. It will only increase congestion on MsgA PUSCH resource pool.

	OPPO
	YYes/No
	There are two alternatives:
· If number of attempts of msgA reaches a threshold, UE triggers RACH problem and indicate to upper layer, then RRC will trigger re-establishment.
· If number of attempts of msgA reaches a threshold, UE uses 4-step RACH resources to transmit msg1, in this case, 4-step RACH probably fails again since otherwise UE can fall back to 4-step RACH in the previous 2-step RACH transmission. From this perspective, there is no need to support additional mechanism. However, considering PUSCH resources are shared by lots of 2-step RACH UEs, it may have benefits if we allow UE to fall back to 4-step RACH to transmit msg1 after several attempts of msgA retransmission, in this perspective, it can decrease the congestion of PUSCH transmission of msgA. 
It’s up to RAN2 to decide whether we need such additional mechanism to enable the UE to switch to 4-step RACH after several attempts of msgA retransmissions.

	NEC
	NNo
	Switching to 4 step RACH can be performed by the network decision with the fall back as discussed following questions (below). There seems to be no strong need for additional mechanism.

	CATT
	No
	We don’t see the need for any additional mechanism

	Intel
	No
	We can’t see in what scenario that 2-Step RACH including fallback to 4-step within the procedure will not work and require additional mechanism. Once the UE fallback to 4-step, it should continue with 4-step RACH procedure.

	CMCC
	No
	After the initiation of 2-step RA, if contention resolution fails, UE retransmits 2-step RA MSG A; if the decode of PUSCH part in MSG A fails, gNB can decide to response with Msg2 and let UE fallback to 4-step RA procedure. So, we don’t see the need for additional mechanism.

	Nokia
	-
	Further input from RAN1 is needed esp. regarding to the power control for 2 step RACH before making the decision, as this might have implications to the power ramping process being currently discussed in RAN1. Specifically, if the UE has attempted 2-step RACH a given number of times and the gNB was not able to detect in any of these attempts the MsgA preamble, RAN1 should evaluate if in some conditions switching to 4-step RACH instead would go through, e.g. due to different PRACH formats being used in 4-step RACH etc. 

	SONY
	 Yes
	Not only radio link quality but also the number of contending UEs will have impact on the performance of random access. Therefore to introduce a counter or time should be necessary. After counter reaches the maximum number or timer expires, UE will fallback to 4-step RACH. Network can instruct UE to fallback to 4-step RACH as well. Related UE and network behavior should be discussed separately. 

	Huawei
	Yes
	The behavior of this timer is similar to the BFR-timer. When the timer is running, the UE can choose both 2-step and 4-step RACH resource for RA procedure. While if the timer expires, the UE can only choose 4-step RACH. On the intention of this timer, agree with the analysis from Samsung that with such a timer, it is helpful for timely releasing the load from the resource pool of 2-step RACH. 

	Apple
	Yes
	In case of consecutive 2-step RACH failure, in order to avoid RACH failure which could lead to RRC connection failure, it could be a safe way to fallback to legacy 4-step RACH. 

	Lenovo
	No 
	

	InterDigital
	No
	UE may fall back to 4-step RA upon receiving a fallback RAR, which is sufficient.

	Charter Communications
	No
	

	ETRI
	Yes
	Timer based scheme will be an additional mechanism. In case of consecutive 2-step RACH failure the UE can switch to 4-step RACH if the timer expires

	Ericsson
	Yes/No
	This depends on if different PRACH resources for 2-step and 4-step are used. It is also not yet agreed if the same preamble formats are used for 2-step and 4-step so there may be different PRACH coverage for the procedures. In this case it would be good to switch to 4-step after a configurable number of failed 2-step attempts. 

	vivo
	Yes
	It is feasible and possible for network to configure separate ROs are for 2-step and 4-step RACH. In this case, if both the MsgA preamble and MsgA PUSCH cannot be successfully detected by gNB for several MsgA re-transmission attempts in succession, it will be benefit for the UE to fall back to 4-step RACH and use 4-step RACH resources. 

	Qualcomm
	Yes
	If UE perform 2-step RACH with number of attempts (or timer) and is still failed during a RACH procedure, at least it shows the high congestion for the msgA PUSCH resources for this UE. In this case, UE should be allowed to switch to 4-step RACH.

	NTT DOCOMO
	Yes
	Timer or counter based fallback mechanism, e.g., max number of MsgA, is beneficial in case of high UE density in 2-step RACH and low UE density in 4-step RACH.

	MediaTek
	No
	In addition to the selection mechanisms in Q1 and the fall-back mechanism with MsgB, we do not see a requirement for other mechanisms.

	Fujitsu
	No
	We don’t quite understand the advantage of the method that UE switch to 4-step RACH after a specific number of 2-step RACH attempts without any other reason. We think in some cases it’s UE determination to select RA type while other cases should follow the gNB indication, because UE may don’t know the why 2-step RACH fails. For example, if the target receiving power is not fulfilled the UE should go on the 2-step RACH by itself with power ramping, but when PUSCH is failed to be decoded because of high collision in msgA occasions gNB can indicate UE to fallback to 4-step RACH. 
Except the fall-back mechanism calling UE to do the 4-step RACH start from msg3, UE can also initialize the 4-step RACH starting with msg1 when 2-step preamble needs to be retransmitted if the UE has received the indication from gNB. For example, if the gNB detecting high collision in 2-step RACH occasion or the probability of successfully decoding the msgA is low, gNB can send such an indication e.g. in system information to inform UEs to use 4-step RACH or vice vers.

	Xiaomi
	No
	Agree with Apple

	Sierra Wireless
	No
	The fallback can be based on failure of 2-step, assuming that 4-step offers better coverage. There is no need for an additional counter/timer.

	Panasonic
	No
	Even if the failure of a whole RACH procedure using 2-step RACH including retransmission, UE can still attempt 2-step RACH procedure as far as condition satisfy it.



Although the majority of companies thought that there is no need for additional criteria for switching (e.g. due to the existence of fallback mechanism), some companies are also of the opinion that such mechanism may benefit the overall procedure and reduce the RACH failures. 
So, the following proposal is made: 
Proposal 3: RAN2 should further discuss whether additional criteria are needed to enable the UE to switch from 2-step to 4-step RACH: 
· Understand the pros and cons of such switching mechanism, considering that fallback procedure exists
· Timer or counter based approaches may be considered for this if a mechanism is deemed necessary

One further related question is regarding the choice of RACH type based on whether or not the backoff timer is running. i.e. as mentioned by some companies, if the backoff timer for 2-step RACH is running, then the UE may be allowed to select 4-step RACH and vice-versa. 

Q4: Should the UE be allowed to select 4-step RACH if the backoff timer is running for 2-step RACH procedure? 
	[bookmark: _Hlk7766415]Company
	Yes/No
	Comments if any

	ZTE
	Yes
	As mentioned by some companies, we agree that the behaviour mentioned in Q4 can be used to reduce the latency of RA procedure.

	LG
	No
	The backoff timer is to distribute the RACH attempts between different UEs. So, there is no reason to use the BO timer as the criteria for selecting the RACH type.

	Samsung
	No
	Same view as LG. Additionally this may not always reduce latency.

	OPPO
	NNo
	RACH type selection is not allowed for each attempts,

	NEC
	NNo
	dynamic switching between 2 step and 4 step per retransmission is not required and it is unnecessarily complex.

	CATT
	No
	In our understanding, the proposal in Q4 implies there are two backoff timers, one for 2-step and one for 4-step. We don’t see the need for supporting this complexity and prefer UE following the same backoff mechanism in both 4-step RACH and 2-step RACH.

	Intel
	No
	We do not see the need for switching between 2-step and 4-step RACH during backoff of 2-step RACH.

	CMCC
	No
	

	Nokia
	-
	The wording of the question is not clear. If the intention of the question is to say while the UE has back off running for 2 step RACH without fall back, whether it can re-select to 4 step RACH, it might depend on the answer to Q2 on whether the UE is performing the RACH type selection at each attempt. 
We think the UE should be able to fall back to 4 step RACH if the back off value it derives is too long to wait for another 2 step RACH re-attempt. It enables overload control at the NW side to send certain percentage of the UEs away from 2 step RACH when it’s overloaded. But the back off timer would not be running for 2 step RACH as the fall back is immediately done at the derivation of the value for back off.

	SONY
	Yes
	We agree this behavior can be used to reduce the latency of RA procedure.

	Huawei
	
	The discussion is dependent on whether it is allowed to reselect the RACH type at msgA retransmission:
· if reselection of RACH type is not allowed, 4-step RACH naturally cannot be selected when backoff timer is running for 2-step
if reselection of RACH type is allowed, we cannot see the reason why 4-step RACH resource should be excluded from the selection. But whether or not the UE must select 4-step RACH is another issue.

	Apple
	
	It depends on whether we support the UE initiated RACH type change for RACH retransmission. 

	Lenovo
	No
	BI should not be a criteria for selection of RACH type.

	InterDigital
	No
	The UE maintains a single backoff per RA procedure, and no preamble can be transmitted before the backoff time has expired.

	Charter Communications
	No
	

	ETRI
	-
	It depends on retransmission of msgA or allowance of selection RACH type during 2-step RACH procedure

	Ericsson
	No
	Unclear scenario question w.r.t how/why Back-Off was triggered, but in principal, the UE should be able to retry 2-step after a back-off time. We think that some more discussion is needed on cases for where UE can fall-back/use to 4-step are needed. 

	vivo
	No
	According to the current MAC specification, the UE is unable to perform random access resource selection procedure unless the criteria to select contention-free random access resources is met. Obviously, 4-step RACH resources are still contention based. Based on this fact, even though the answer to Q2 is “Yes” (i.e., RACH type can be re-selected during each RACH attempt), we think the UE cannot select 4-step RACH during the backoff time. Otherwise, the load on 4-step RACH resources will become high. Besides, the RACH type for each RACH attempt can only be selected during the RACH resource selection procedure based on the alternative options listed in Q1.

	Qualcomm
	Yes/No
	[bookmark: _Hlk7192651]It depends. If the duration of backoff timer is longer than the typical 4-step RACH duration, UE switching to 4-step RACH can reduce the latency of RACH procedure. If it can be up to UE implementation, it can achieve better load distribution and can prevent ping-pong effect caused by all 2-step RACH UEs switching to 4-step at the same time.

	NTT DOCOMO
	No
	One of the cases where gNB transmits backoff indicator is RAP overloaded (regard less of 2 step or 4 step) and thus UE should wait.

	MediaTek
	No
	A single backoff for both 2-step and 4-step RACH should be sufficient.

	Fujitsu
	No
	Does the purpose of Q4 is to ask if 4-step RACH should be started regardless whether 2-step RACH backoff timer is running or not? We think no action is needed during the backoff timer is running. If UE select 4-step RACH as RA type it should not send 4-step RACH preamble before the 2-step RACH BO timer expires.

	Xiaomi
	
	 It depends on whether this is necessary to define new reselection mechanism of RACH type procedure.

	Sierra Wireless
	No
	This question implies separate resources with separate back-off mechanisms which seems unlikely and complicated. An exception could be if the gNB would explicitly direct the UE to use 4-Step.

	Panasonic
	FFS
	It depends on whether to support UE to evaluate radio quality judgement and decides RACH type for the selection of msgA/msg1. If supported, during back off timer, if radio condition gets worse for 2-step RACH, it should select 4-step RACH instead of 2-step RACH. On the other hand, assuming backoff timers are different for 4-step RACH and 2-step RACH, UE needs to evaluate the radio condition twice which may be a burden to the UE. Also, if UE uses the 2-step RACH backoff timer and eventually transmits the 4-step RACH preamble, it may higher chance to collide with other UEs (if 4-step RACH backoff timer is longer than the 2-step RACH timer).



It seems a large majority of companies don’t think a mechanism to allow UE to select 4-step RACH is useful if a backoff timer is running. 
Proposal 4: No need for any mechanism to enable UE to switch from 2-step to 4-step RACH or vice-versa if the backoff timer is running 


Then finally, with the following question we would like to collect the views on any other aspects that may be relevant for the RACH type selection other than those discussed above. 

Q5: Companies are invited to comment on any other aspects that should be considered for the selection of 2-step RACH vs 4-step RACH
	Company
	Additional criteria, other comments

	LG
	The main purpose of the 2-step RACH is latency reduction. If a UE uses the 2-step RACH for latency reduction, the criteria should be specified for these purposes. So, we propose to select the 2-step RACH based on the logical channel for latency sensitive traffics. For example, if logical channel for CCCH is allowed for the 2-step RACH, the 2-step RACH is triggered for the initial access procedure of UEs in RRC_IDLE/INACTIVE. Also, the network can dedicatedly configure the specific logical channel(s) for UEs in RRC_CONNECTED. Then, the UE can start the 2-step RACH procedure only when CBRA is triggered to transmit a BSR or data for the configured logical channel.

	SONY
	Option 3 should be modified as follows:
· Option 3: Network configuration (e.g. indicating to all UEs via SIB, or dedicated configuration in RRC_CONNECTED/INACTIVE states)
· This option may also be used in addition to any radio quality based threshold in option 1 (i.e. if the UE is configured for 2-step RACH, it can use 2-step RACH if the radio quality is above the threshold etc)
· Another possibility is that Network to broadcast to use 2-Step RACH at first.


	Charter Communications
	Per our response to Q1:
· We consider that the possibility of advertising whether 2-step RACH can be used should be done in L3 (RRC signaling) and via L1 (e.g. DCI). L1 signalling can toggle the feature if configured by L3. 
· Additional metrics e.g. LBT statistics may prove as a valueable selectin criteria for when NR-U aspects (under NRU WID) are discussed.

	Fujitsu
	The UL small data traffic is the basic scenario (e.g. high-prioritized data has typically small size like URLLC data IIoT data) and the latency reduction is the most important purpose for 2-step RACH. The delay reduction advantage of 2-step RACH is not obvious compared to 4-step RACH if UEs cannot send data in one PUSCH transmission opportunity. Big data should be low priority to use 2-step RACH than small data.
We suggest that UE do the RA selection based on MAC PDU size to be sent in MsgA PUSCH (or the needed PRB number of MsgA PUSCH). UE can evaluate the potential MsgA PDU size, if the potential MsgA PDU larger than the permitted PDU size configured for the PUSCH occasion, or, according to the MsgA PDU size the needed PRB number is larger than the PUSCH occasion PRB number, the 2-step RACH cannot be performed.

	Sierra Wireless
	There should be no need to restrict the RACH process to logical channel usage, UE state or content of the communication.



Observation: A number of other criteria were mentioned also for further discussion in RAN2 (e.g. based on MAC PDU size, RRC signaling followed by L1 signalling to toggle this on and off, logical channel based etc). However, given that these options were already considered in Q1, there is no need for a specific any additional discussion on these. So, the following is proposed. 
Observation/Conclusion 5: Any additional RAN2 related criteria (e.g. based on logical channel, RACH load, MAC PDU size etc) for RACH type selection can be discussed based on the contributions. 
2.2. Response from gNB 
Upon receiving the msgA, the gNB sends a response message in DL. Given that multiple UEs may transmit msgA in UL, the response message from gNB in DL may also be addressed to multiple UEs (like RAR in 4-step RACH). So, companies are asked to confirm that the response message from gNB can be addressed to multiple UEs: 

Q6: Similar to RAR in 4-step RACH, can the response message from the gNB be addressed to multiple UEs in case of 2-step RACH? 
	[bookmark: _Hlk7702608]Company
	Yes/No
	Comments if any

	ZTE
	Yes
	Similar as LTE, to save the PDCCH/PDSCH resources, we think the RAR for multiple UEs can be multiplexed in one MAC PDU.

	LG
	Yes but
	A response message can be addressed to multiple UEs, but both success response and fallback response are not contained in the response message.

	Samsung
	Yes
	As in LTE, to minimize PDCCH overhead response message can include response for multiple UEs.

	OPPO
	It Depends
	From our perspective, msgB should at least include the following four types of information:
· BI to back off the UE selecting the same RO, like in legacy 4-step RACH
· Fall back to 4-step RACH information, probably legacy MAC RAR can be reused;
· Contention resolution information for the UE who transmits msgA including C-RNTI MAC CE;
· Contention resolution information for the UE who transmits msgA including CCCH SDU
If msgB includes BI and fall back to 4-step RACH information, it should be addressed to multiple UEs
If msgB includes Contention resolution information, it should be allowed to be addressed to multiple UEs or a specific UE. For example, for connected state UE, C-RNTI addressed PDCCH is addressed to a single UE.

	NEC
	Yes
	This should be allowed to reduce PDCCH overhead, while the actual decision about whether to multiplex MsgB for some UEs can be up to network implementation based on cell loading or number of detected MsgA.

	CATT
	Yes
	The msgB MAC PDU can indeed contain multiple msgB RARs. See more detail in our reponse to Q7.

	Intel
	Yes but
	If the response is for fallback and for responding provide contention resolution for idle/inactive state and for re-establishment, the response message can be addressed to multiple UEs. We can further discuss whether for the RRC Connected mode case, the response should be for multiple UEs or a specific UE.

	CMCC
	Yes, but
	Similar as LTE. But for the special cases, e.g., msgA includes C-RNTI and contention resolution success, response message can be independence.

	Nokia
	Yes
	

	SONY
	Yes, but
	RAR is addressed to multiple UEs, but MSG4 is only for single UE. 	Comment by Wei, Yuxin: Then we should say RAR is multiplexed and PDSCH (msg4) will not? I don’t think LG’s reply is clear…

	Huawei
	Yes but
	Agree with the views from the companies above that multiplexing msgBs of different UEs help reducing the load for PDCCH signalling. 
But for UE in connected mode, there is no need to multiplex the response of multiple UEs in msgB with the following benefits: (a) it can reduce the delay from the UE side for decoding if the response if not multiplexed; (b) RRC message/ user plane data can be added to msgB that it reduces the overall time for signalling; (c) HARQ for msgB is possible with unicast message. 

	Apple
	Yes
	In order to save PDCCH overhead. MsgB MAC PDU design should follow Msg2 MAC PDU design that one MsgB MAC PDU consists multiple UEs’ MsgB MAC subPDU.

	Lenovo
	Yes
	In order to address the PDCCH overhead, multiplexing should be supported. When to apply multiplexing is up to network implementation.

	InterDigital
	Yes
	The NR MAC PDU for the random access response may contain multiple MAC RAR subPDUs. 

	ETRI
	Yes
	The RAR for multiple UEs should be multiplexed in one PDSCH resource as in LTE.

	Ericsson
	No, but
	The assumption must be that msgB is the ending response for the RA procedure (otherwise not a 2-step procedure). Comparing with 4-step, the NW response for BO or fall-back should be possible to address to multiple UEs, but as a 2-step procedure should be designed to address a single UE. Successful RAR has to be corresponding to msg4 and thus a per UE response. It is not clear from company’s response if another subsequent message is needed or not due to multiplexing in the “first” msgB response. Additionally, 2-step compared to 4-step already decreases the PDCCH load. There is also security aspects to be considered in multiplexing multiple subPDUs.

	Vivo
	Yes
	Same views as ZTE and Samsung. What’s more, no matter the event that initiates 2-step RACH, we think the response messages for multiple UEs can be multiplexed in the MsgB, which helps to further save PDCCH resources.

	Qualcomm
	Yes
	Response message from gNB for multiple UEs can be multiplexed into one MAC PDU.

	NTT DOCOMO
	Yes
	We think that it should be allowed for gNB to transmit fallback commands to multiple UEs. For example, if RAP and PUSCH have multiple-to-one mapping, gNB can transmits fallback commands to the UEs other than one of which PUSCH is correctly received at gNB. 

	MediaTek
	Yes, but
	With restrictions: MsgB contains contention resolution success info for up to one UE, as this will allow the UE to acknowledge the successful completion of contention resolution via HARQ ACK. If MsgB is addressed to C-RNTI, it is not multiplexed for multiple UEs.

	Fujitsu
	Yes
	We see no reason to forbid multiple 2-step RACH responses corresponding to different preambles being  multiplexed in a single MAC PDU only if those preambles are belonging to the same PRACH occasion. But whether fall-back msg2 and msgB can be complexed in the same PDU should be further studied.

	Xiaomi
	Yes
	

	ITRI
	Yes
	In order to minimize PDCCH overhead, the response message from the gNB can be addressed to multiple UEs. For the RRC Connected mode case, the response message should be for multiple UEs or a specific UE can be further discussed.

	Sierra Wireless
	No
	Agree with Ericsson that Msg. B will be large, like message 4 in 4-Step, thus multiplexing could make it very large. The alternate implication of having separate UE specific (Msg. 4) content follow Message B means this will become a “3-Step” RACH.

	Panasonic
	FFS
	It depends on whether Msg.B can contain dedicated part of RRC message in addition to RAR and “UE-ID”. If Msg.B contains Msg4 part of dedicated message, the response from gNB should be per single UE in order to support HARQ-ACK/NACK for this Msg.B. If Msg.B does not contain Msg.4 part of the message, similar to 4 step-RACH, multiple RARs from multiple UEs can be contained in a response message.




In general companies think that it should be possible to address at least some parts of the gNB response to multiple UEs. However, the answer from the companies depended on a number of other factors: 
· Some think both success and fallback are not contained in the same response
· Response for connected state UEs should be discussed separately
· Successful RAR has to be corresponding to msg4 and thus a per UE response
Based on the above, the following is proposed: 
Proposal 6: In general, it should be possible to design the network response for msgA such that at least parts of the message can be addressed to different UEs (i.e. a common message similar to legacy Msg2). 
· FFS which IEs are included in the common message (more details in the proposals below)

Then, we discuss the contents of the response from gNB i.e. the contents of msgB. In general, the msgB may contain one of the following: 
· Success response: when both RACH and PUSCH payload are decoded successfully – in this discussion, this response is referred to as successRAR
· Fallback response: When only RACH is decoded but not the payload – in this discussion, this response is referred to as fallbackRAR.
· [bookmark: _Hlk6322513]Backoff Indication: Similar as Rel-15, the backkoff indication will be used in case no corresponding response (i.e. neither successRAR or fallbackRAR) is received within the MsgB reception window.
Q7: Do companies agree that the network response (i.e. msgB) can contain either successRAR or fallbackRAR or Backoff Indication?  
	[bookmark: _Hlk7703776]Company
	Yes/No
	Comments if any

	ZTE
	Yes
	

	LG
	No
	NW response can contain one of the followings:
1) success response;
2) fallback response;
3) backoff indication;
4) fallback response and backoff indication.
Legacy msg2 is reused for fallback response and/or backoff indication. 
The fallback response and/or backoff indication should be sent separately from the success response so that fallback procedure can be triggered fast because window of the success response is longer than that of msg2.

	Samsung
	Yes
	From UE point of view, MsgB corresponding to its MsgA transmission include successRAR or fallbackRAR. Backoff Indication can be there in MsgB but it is not UE specific. If neither successRAR or fallbackRAR corresponding to UE's MsgA is received, UE applies Backoff Indication if received in response.

	OPPO
	No
	As our previous comments, four types of information should be included in msgB;
We prefer to have two parts msgB.
MsgB1 includes BI and backoff indication which is addressed to multiple UEs
MsgB2 includes successRAR. SuccessRAR is different for connected UE and Idle/Inactive UE. For Connected UE, msgB2 is scheduled by C-RNTI addressed PDCCH. For Idle/Inactive UE, msgB2 includes contention resolution ID which is scheduled by the C-RNTI provided by the msgB1. Or, msgB1 can directly schedule msgB2 by replace the UL grant with DL assignment.

	NEC
	Yes
	Agree with Samsung

	CATT
	Yes
	If the response is to indicate UE fallback to 4-step RACH, it should be multiplexed in Msg2 RAR PDU.
Our view is:
· There are two types of MAC RAR PDUs: Msg2 MAC PDU and msgB MAC PDU. For any type of MAC RAR PDU, backoff subheader can be included.
· Msg2 MAC PDU: can contain multiple Msg2 RARs for different UEs including NR Rel-15 UEs and UEs fallback (fallbackRAR) to 4-step RACH. Same format as Msg2 MAC PDU in NR Rel-15 is adopted.
· msgB MAC PDU (successRAR): can contain multiple msgB RARs for UEs performing 2-step RACH. The msgB RAR is a new MAC RAR which can achieve 3 functions: TA, TC-RNTI allocation, contention resolution. Its subheader is same as NR Rel-15, and its contents includes: TAC/ TC-RNTI/ UE ID
When gNB receives Msg1, or preamble in msgA without successful corresponding PUSCH decoding, it should respond Msg2 MAC PDU. When gNB receives both preamble and PUSCH in msgA, it should respond msgB MAC PDU and contention resolution is completed.
Backoff Indication: although we support a common BO mechanism for 2-step and 4-step, there should not be any restriction to send it on legacy Msg2 MAC PDU only. It could also be sent in msgB RAR.

	Intel
	No
	Similar to OPPO, we prefer to have 2 parts MsgB. 
MsgB1 can include BI, legacy RAR for fallback to 4-step as well as RAR to continue for 2-step
MsgB2 includes the contention resolution as well as optional DL RRC Message. Contention resolution is either via PDCCH addressed by C-RNTI or via ContentionResolutionID MAC CE in MsgB2. 

	CMCC
	Yes
	MsgB scheduled by RA-RNTI includes successRAR or fallbackRAR, BI. For connected UE, MsgB including successRAR can be scheduled by C-RNTI.

	Nokia
	Yes
	Each individual response within msgB includes one of those, but following to Q6, the msgB PDU should be able to contain multiple of the individual responses.

	SONY
	Yes.
	Backoff indicator could also be used to fallback to 4 step RACH.

	Huawei
	Yes
	msgB can include either successRAR or fallbackRAR but cannot include both of them. The intention is that in this way, the legacy RAR can be reused for the case of fallback. 
BI is cells-specific and can be sent in both the msgB including successRAR and fallbackRAR

	Apple
	Yes
	MsgB MAC PDU can consist one BI and multiple MsgB subPDUs. BI is common for all UEs, and MsgB subPDU is UE specific and could be either success response or fallback response.

	Lenovo
	Yes
	

	InterDigital
	Yes
	Same view as Samsung

	ETRI
	Yes
	The msgB should be contained either successRAR or fallbackRAR or BI.

	Ericsson
	
	Legacy msg2 RAR can be used for back-off and fall-back. Successful RA is contained within the 2-step. 

	vivo
	Yes
	Taking into account the NR-U scenario, successRAR, fallbackRAR, and Backoff Indication should be included in one MsgB MAC PDU. Additionally, multiple successRAR(s) for different UEs should be included in one MsgB MAC PDU. 

	Qualcomm
	Yes
	Share the same view with Samsung.

	NTT DOCOMO
	Yes
	But, also combination of them should be allowed. 

	MediaTek
	NoYes
	Maybe the question needs some clarification. The use of “either” implies mutual exclusion, i.e. only one of those responses can be included in MsgB. We assume successRAR and fallbackRAR are subPDUs within a MAC PDU.	Comment by rapporteur(ZTE): I confirm the view here… based on this, I took the liberty to convert the answer into a “Yes”. 
In our view, a single MsgB can contain zero or one BI, zero or more fallbackRAR(s), and zero or one successRAR subPDU.

	Fujitsu
	No
	The comments by LGE seems to be valid. Fallback RAR contained in msgB or MAC PDU containing both fallback RAR and 2-step success response means that new RAR content should be introduced and will cause complicated design on MAC PDU structure. For the fallback msg2 and legacy msg2 are probably the same content, it is reasonable that fallback msg2 reuses the legacy msg2 structure and allow to be multiplexed in the same MAC PDU. There is no backward compatibility issue to R15 UEs if fallback msg2 and legacy msg2 being complexed in the same PDU.  
We prefer to not contain either fallback RAR or success RAR in MsgB because the fallback RAR and the 2-step success RAR should use different MAC PDUs.
Both fallback msg2 PDU and 2-step RAR PDU can contain BI subPDU.

	Xiaomi
	Yes
	Agree with samsung

	Sierra Wireless
	Yes
	Success (i.e. message 4 equivalent) or fallback to 4-Step (RAR) or a backoff indication.

	Panasonic
	Yes
	




Most companies agree that the network response could include
· a success response
· a fallback response
· a backoff indicator
However, companies that said no seem to think that: 
· The fallback response and/or backoff indication should be sent separately from the success response so that fallback procedure can be triggered fast because window of the success response is longer than that of msg2. (LG, Fujitsu)
· i.e. this is related to how the fallback response is sent but not about whether it can be sent or not
· Success response is divided into two parts. MsgB1 includes BI and backoff indication which is addressed to multiple UEs and MsgB2 includes successRAR (Oppo, Intel)
· Again this is related to the structure of the successRAR but not about the response itself. 
· Legacy RAR is used for fallback (Ericsson)
· This is again related to format of fallback response but not about the response itself. 
Based on the above, the following proposal is made: 
Proposal 7: Network response to msgA (i.e. msgB) can include the following: 
· SuccessRAR 
· FallbackRAR
· Backoff Indication
FFS: format of successRAR and whether successRAR is split into more than one message and format of fallbackRAR and whether legacy msg2 can be reused for fallbackRAR

Then, for each of these network responses, we discuss what the contents should be. 
For the successful case (i.e. both PRACH and PUSCH successfully decoded), one question is whether the MAC SDU for SRB/DRB can be included in the same MAC PDU as the successRAR (considering that the successRAR may be addressed to multiple UEs – depending on the outcome of Q6)?
 Q8: for the successful case, should the MAC SDU for SRB/DRB be sent separately than the successRAR (i.e. in a different MAC PDU addressed to the UE’s C-RNTI)? 
	[bookmark: _Hlk7704563]Company
	Yes/No
	Comments if any

	ZTE
	Yes
	There are two advantages of sending the SRB/DRB in a separate MAC PDU: 
1) Considering the fact that the msgB may be addressed to multiple UEs, the size is limited and including more UE specific data in this shared message is not efficient
The RRC processing delay/CU-DU fronthaul delay can be taken into account whilst scheduling the SRB in the separate MAC PDU. Thus, the successRAR may be sent early whilst the RRC message can be sent after the corresponding RRC processing delay/front haul delay. Since the 2-step RACH will be considered as successful after the reception of corresponding successRAR, the MAC SDU for SRB/DRB will be transmitted after the successful completion of 2-step RACH procedure.

	LG
	No
	It is up to gNB to decide whether MAC SDU is sent with success response. So, there is no reason that gNB always sends the MAC SDU separately from the success response.

	Samsung
	Yes
	

	OPPO
	Yes/No
	Since there are two parts msgB, the successRAR is included in the second part of msgB, it’s up to gNB whether MAC SDU for SRB/DRB can be included in the msgB2 or not.

	NEC
	Yes
	No strong need for this optimization.

	CATT
	Yes
	Since one msgB MAC PDU can contain RARs for multiple UEs (Q6), there is no way to multiplex SRB/DRB for one UE. 

	Intel
	No
	Early contention resolution is always a possibility, but in the normal case where the optional DL RRC message is available, it should be part of MsgB.

	CMCC
	Yes
	

	Nokia
	-
	Both in separate and same PDU should be allowed like for msg4.

	SONY
	No
	 Same view as LG.

	Huawei
	Yes but
	For idle mode UE, SRB/DRB can be sent separately from successRAR. Agree with the analysis from ZTE. The intention of RACH is let the idle UE obtain UE-id/request SI and let the connected UE to obtain TA/BFR etc. Even in R15 and LTE, the multiplexing of RRC signaling into msg4 is not mandatory. Hence, even RRC signaling is not included in msgB, this does not contradicts with the previous agreement that msgB=msg2+msg4	Comment by rapporteur(ZTE): Based on the wording, I interpret the answer as “Yes”
While for connected mode UE, DRB can be sent along with the sucessRAR to the UE with unicast message. 

	Apple
	Yes
	MsgB MAC PDU consists multiple UE responses, so the size of UE specific response /MsgB subPDU should be fix and small. For MAC SDU for SRB/DRB is normally in larger size, then it should be transmitted separately. 
In order to save the PDCCH overhead for C-RNTI based scheduling, we can consider using the UL grant/DL assignment field in UE specific MsgB response to indicate the DL assignment for the DRB/SRB’s data transmission.

	Lenovo
	Yes
	Agree with NEC

	InterDigital
	Yes
	

	ETRI
	Yes
	The separate transmission of MAC SDU for SRB/DRB should be allowed.

	Ericsson
	No
	msgB can contain payload similar to the msg4 design and would be up to NW decision. We do not see how the design for a 2-step RA can be based on a 3-step procedure assumption. A NW can decide to schedule payload at a later stage when the RA is completed.

	vivo
	Yes
	Based on our consideration on Q 6/7, the msgB with multiple SuccessRAR(s) can be addressed to different UEs. If MAC SDU for DRB/SRB is transmitted in the same MAC PDU, UE will be unable to distinguish whether the MAC SDU for SRB/DRB in MsgB belongs to itself or not, since unique UE ID is not contained in MAC SDU for SRB/DRB. 

	Qualcomm
	Yes
	It can be up to network implementation, and it should be noted that contention resolution and RRC message can be sent separately in msg4 in 4-step RACH.

	NTT DOCOMO
	Yes
	It can be up to NW implementation.

	MediaTek
	No
	Both options should be possible as Msg4 in Rel-15: MsgB may or may not contain MAC SDU for SRB/DRB, it is up to gNB to decide.

	Fujitsu
	Yes/No
	We wonder if the main point of this question is whether DRB/SRB SDU in same PDU with successRAR is forbidden or allowed. Because if multiplex them in same PDU is allowed, separated PDUs is supported for free. If the answer is “Yes” they can’t be multiplexed in one PDU, while “No” means they can be multiplexed in one PDU or in separate PDUs.
There is advantages for SRB/DRB data and 2-step RAR being complexed in the same PDU: 
· DL data latency reduction
· PDCCH resource saving 
· In the NR-U scenario, there is extra benefit in channel access efficiency if DL data and success 2-step RAR in the same PDU because the DL data and the success 2-step RAR can share one LBT attempt. 
MAC SDU for SRB/DRB sent with the success 2-step RAR should not be forbidden. However it’s gNB implementation whether MAC SDU for SRB/DRB be included in the success 2-step RAR or just the DL grant for the SRB/DRB data be included, e.g. according to the QoE of the DL traffic, the MAC PDU size or the DL data processing delay.

	Xiaomi
	Yes
	

	Sierra Wireless
	No
	Message B should contain message 2 and message 4 contents for a single UE. If the RAR is sent separately it becomes a “3-Step” process.

	Panasonic
	No
	It is up to gNB implementation. If Msg.B contains dedicated part of RRC message, which can be larger size, Msg.B may require HARQ for the efficiency of Msg.B transmission. Even in this case, Msg.B can be designed as either groupcast or dedicated but to design Msg.B as dedicated would make the design for supporting HARQ simpler because ACK/NACK transmission for groupcast would be new design area. If RRC message does not contain Msg.B, the size would not be so large. In this case Msg.B can be designed as groupcast similar to Msg.2 of 4-step RACH procedure which does not have HARQ.




Based on the responses, majority of companies think that it should atleast be allowed for the gNB to transmit the MAC SDU for SRB/DRB in a separate MAC PDU (addressed to the C-RNTI) than the MAC PDU Carrying the successRAR. However, the companies that said No think that this can be left to network implementation (in otherwords, it seems these companies think both options should be allowed). Given the majority view for the option to send it separately, the conclusion can be that at least this should be supported. Then for the option to send within the MAC PDU carrying successRAR, we can discuss further how this works and whether this should be supported in addition. 

Proposal 8: For the successful case, it should be possible for the network to send the MAC SDU for SRB/DRB separately than the successRAR (i.e. in a different MAC PDU addressed to the UE’s C-RNTI)

Proposal 8a: RAN2 to further discuss whether a mechanism to allow the MAC SDU for SRB/DRB in the same MAC PDU as the successRAR should also be supported by the specs

Similarly, it was already agreed that if CCCH SDU was included in msgA, in case of successful reception of PRACH and PUSCH, then the contention resolution will be based on the contention resolution ID included in msgB. 

However, for the case when C-RNTI is included in the msgA, the contention resolution mechanism is not agreed yet. For the case that C-RNTI is included in MsgA, the following options for contention resolution can be considered:

· Option 1: PDCCH addressed to C-RNTI: 
Once the C-RNTI is included in the MsgA, the UE should monitor both the PDCCH scheduled by C-RNTI and RA-RNTI (i.e. The UE should decode the MsgB scheduled by RA-RNTI to receive the backoff indicator and fallback RAR). If the PDCCH scheduled by C-RNTI is detected before the end of MsgA-response window, the UE will stop the monitoring of RA-RNTI and consider the contention resolution successful (a new MAC CE for 12bits initial TA command may be needed in this case); Note that the network response may also be to send a fallbackRAR or a backoff indication during this period.

· Option 2: C-RNTI included in MsgB:
Once the C-RNTI is included in the MsgA, the C-RNTI will be echoed back in MsgB as contention resolution ID. And once the UE detect the corresponding C-RNTI in MsgB, the UE consider the contention resolution successful. 

So, companies are asked to share the views on the options above: 

Q9: What are company views on which option should be selected for the contention resolution in case C-RNTI is included in MsgA? 
	[bookmark: _Hlk7705294]Company
	Option
	Comments if any

	ZTE
	Option 1 or 2
	We prefer the option 1 which can provide a lower latency. However, we are also okay with option 2 if that is the choice of the majority.

	LG
	Option 1
	Same as 4-step RA. We prefer the option 1, but open to discuss option 2.

	Samsung
	Option 2; Option 1 with additional changes
	While the UE is performing 2 step RACH it can be UL synchronised state i.e. no valid TA is available. For example, during reconfiguration with sync.
In case of option 2, MsgB can include 12 bit TA command together with C-RNTI.
Option 1 can be considered for contention resolution,
· if DCI of received PDCCH addressed to C-RNTI includes 12 bit TA command or
· if DL TB scheduled by received PDCCH addressed to C-RNTI includes 12 bit TA command.

	OPPO
	Option1
	We prefer option1 which is aligned with legacy 4-step RACH, and it’s straightforward that C-RNTI addressed PDCCH can scheduled msgB2. If we agree with this option, we need to introduce two types of MAC CE
· MAC CE including TA command (12 bit)
· MAC CE including TA command (12bit) and UL grant (27bits), for the purpose of contention resolution for RACH triggered in connected mode except for BFR RACH and PDCCH order triggered RACH.

	NEC
	Option 1 or 2
	Option 1 will work well like 4 step RACH, while Option 2 is acceptable if majority has strong preference for it.

	CATT
	Option 1
	Additionally, if option 1 is selected, the PDCCH with C-RNTI for contention resolution must schedule a PDSCH for TAC MAC CE transmission. 

	Intel
	Option 1
	This aligns with 4-step RACH for contention resolution with C-RNTI.

	CMCC
	Option 1
	We prefer option 1, but also fine with option2.

	Nokia
	Option 1
	And the addition from Samsung for option 1 can be considered, i.e., the new TA command is required to be defined.

	SONY
	Option 1
	 Option 1 may be modified as Samsung explained.

	Huawei
	Option1
	Both options can work but we have a slight preference over Option1. Besides, this question is coupling with Q6, Q8 that they all relate to the question whether PDCCH for msgB is addressed to C-RNTI or RA-RNTI. 

	Apple
	Option 1
	Option 1 has lower latency than Option 2, and in Option 1 the PDCCH addressed to C-RNTI is required to schedule the DL transmission which includes the TA MAC CE.

	Lenovo
	Option 2
	Both option would work. However our preference is Option 2, since this avoids the need to send TAC MAC CE with DL TB. 

	InterDigital
	Option 2
	Explicit inclusion of the C-RNTI can use the same format of the success RAR subPDU, which should have fields for both the C-RNTI and a TA command. Option 1 is also fine, though requires additional changes, as explained by Samsung and Oppo.

	ETRI
	Option 1 or 2
	

	Ericsson
	Option 1
	Option 1 will handle the contention resolution. 

	vivo
	Option 2
	It will cause some issues if option1 is adopted. 2-step RACH is applicable for reconfiguration with sync (e.g., HO) and UL data arrival when UL is non-synchronized, however, according to the current MAC PDU format, gNB cannot respond a TA command of 12 bit scheduled by PDCCH addressed by C-RNTI. In addition, as the UE cannot know whether the MsgA PUSCH is successfully detected by gNB in advance, it has to simultaneously monitor PDCCH addressed to RA-RNTI for fallbackRAR and monitor PDCCH addressed to C-RNTI for successRAR. 
For option2, with a minor changed interpretation on the fields of the legacy MAC RAR format for 4-step RACH, TA command of 12 bit and C-RNTI can be assembled together as a successRAR. In this case, combining with Q7, the UE should only needs to monitor PDCCH addressed to RA-RNTI for either successRAR or fallbackRAR.

	Qualcomm
	Option 1
	If there is a large number of UEs to perform 2-step RACH, the msgB size in option 2 may be relatively large. For option 1, 12 bit TA command can be included in the DL TB.

	NTT DOCOMO
	Option2
	We think that MsgB can contain all the information which UE requires for contention resolution and subsequent UL transmission. 

	MediaTek
	Option 1
	Similar in principle to 4-step RACH, if C-RNTI MAC CE was included in MsgA, MsgB is addressed to C-RNTI and concludes the contention resolution.

	Fujitsu
	Option 1
	Option 1 is more efficient and aligned to the contention resolution mechanism of 4-step RACH except introducing 12bits TA command as new MAC CE. 
Option 2 is less efficient if the RAR with the contention resolution info of C-RNTI included in MsgA shares the same RAR structure with the RAR with contention resolution info of CCCH PDU in MsgA, because the C-RNTI if 16bits while the CCCH PDU is at least 56bits. But introducing new RAR structure for the case of C-RNTI contained in contention resolution info will cause complicated MAC layer design. 
The option 1 seems more feasible than option 2.

	Xiaomi
	Option2
	

	ITRI
	Option 1
	Option 1 can provide a lower latency and aligns with 4-step RACH for contention resolution with C-RNTI.

	Panasonic
	Option 2
	In case 4-step RACH, preamble transmission is identified by Msg.2. Then, Msg.3 transmits C-RNTI and the response is C-RNTI included in Msg.4. Therefore, UE is able to identify preamble was successfully received. If Option 1 is used, regardless of Preamble + Msg.A transmission, based on gNB DL activity, PDCCH addressed to C-RNTI can be sent. Therefore, UE is not able to identify Preamble + Msg.A is correctly received by gNB. Therefore, Option 2 should be used. Option 2 make the common design between when UE has C-RNTI and when UE does not have C-RNTI except the length of UE id field.



Almost all companies think that both options can work. So, we can go with the majority view. 
Proposal 9: For MsgA with C-RNTI, the contention resolution shall be made based on the PDCCH addressed to C-RNTI.
For this to work, the following framework needs to be agreed as well: 
Proposal 9a:
For MsgA with C-RNTI, within the MsgA response window, the UE is required to monitor both the msgB-RNTI (for MsgB reception) and C-RNTI. 
· If the PDCCH addressed to the C-RNTI (i.e. C-RNTI included in MsgA) containing the 12 bit TA command MAC CE is received, the UE should consider the contention resolution to be successful and stop the reception of MsgB.
· If the corresponding fallback RAR is detected in MsgB, the UE should stop the monitoring of PDCCH addressed to the corresponding C-RNTI and process the fallback operation accordingly.
· If neither corresponding fallback RAR nor PDCCH addressed C-RNTI is detected within the MsgB response window, the UE should consider the preamble transmission attempt failed and do back off operation based on the backoff indicator if received in MsgB.
· A new MAC CE with 12bits Timing Advanced Command shall be introduced

Then the next question is what other fields can be included in the successRAR? Given that there may be two options for contention resolution when C-RNTI is included in msgA, we split the discussion below into two separate cases:
1) CCCH message included in msgA
2) C-RNTI included in msgA
For the case when msgA has CCCH message, a successRAR is anyway needed. So, the first question is what are the contents of the successRAR in case a CCCH message is included in msgA: 
Q10: What other fields can be included in the successRAR when CCCH message is included in msgA. In the comments, companies can explain why each field is needed and if the field is not included but is needed, how it can be sent to the UE – e.g. in as separate MAC PDU etc?
	Contents of the successRAR

	Content
	Yes, should be included 
	No, should not be included
	Comments

	RAPID
	OPPO, NEC, CATT, Intel, Lenovo, InterDigital, ETRI, vivo
	ZTE, LG, Samsung,CMCC, Nokia, SONY, Huawei, Apple, Ericsson, Qualcomm,NTT DOCOMO, MediaTek, Fujitsu ,Xiaomi, Panasonic
	[ZTE] Since the contention resolution ID can be used to identify the UE, the RAPID is not needed.
[OPPO], considering two parts msgB, the contention resolution information for the UE who transmit msgB including CCCH SDU, the UE would need to monitor RA-RNTI addressed PDCCH which schedules RAR. With RAPID, UE can identify the MAC RAR in which it indicates the TAC, UL grant/DL assignment, C-RNTI. So, we think RAPID is still needed depends on how to design the msgB.
[NEC]: want to clarify view from companies responding with “No”.. given successRAR for 5 UEs are contained in one MAC PDU, then UE shall check (i.e. compare the contents) for each of successRAR? Isn’t it a bit complex for the UE? if RAPID included, then the UE checks the corresponding one only.
[CATT] A Msg2 MAC subPDU includes MAC subheader and MAC RAR. RAPID is a field in MAC subheader and used to identify corresponding Msg1 or msgA. Then UE can get further information in MAC RAR. It should be discussed separately from the fields in MAC RAR
[Intel]: This is used to match with the transmitted preamble in MsgA. If none is received in the subheader, the UE does not have to decode the actual RAR. Furthermore, the successRAR is just the legacy RAR with an indication to continue with the reception of MsgB2 for contention resolution.
[Huawei] We think that the UE id is sufficient for identifying the UE in the contention resolution and TA processing. Including another UE ID (RAPID) will be redundant.
[Ericsson]: Each UE is identified by UE specific scrambling.
[vivo] To guarantee the byte-aligned, the length of MAC subheader should always be in units of 8 bits, In this sense, RAPID can be included in the subheader as in 4-step RACH. So we can reuse the legacy MAC RAR subheader for 2-step RACH.
[MediaTek] Strictly speaking, RAPID is not necessary to complete the contention resolution. However, if companies think it is useful to include it for efficiency reasons, we are open to it.

	Contention resolution ID
	ZTE, LG, Samsung,OPPO, NEC, CATT, Intel,CMCC, Nokia, SONY, Huawei, Apple, Lenovo, InterDigital, ETRI, Ericsson, vivo, Qualcomm, NTT DOCOMO, MediaTek, Fujitsu ,Xiaomi, SW, Panasonic
	
	[ZTE]: There are two options for contention resolution ID: 
1) Include contention resolution ID in msgB
2) Include contention resolution ID in a subsequent message (which will be addressed to the UE’s C-RNTI/T-CRNTI).
Considering the overall latency, we prefer option 1) above. Note that in case an RRC message is included in msgA (CCCH SDU), option 1 doesn’t need the CCCH SDU to be processed by the RRC entity but instead the DU (i.e. the gNB MAC) can obtain the contention resolution ID based on the first 48 bits of the UL CCCH SDU included in the msgA payload – i.e. same as LTE and NR 4-step RACH.
[Samsung]: To reduce latency of RA procedure, which is the main motivation of 2 step RACH, Contention resolution ID is included in msgB.
[OPPO], Contention resolution ID MAC CE is included in msgB2 which is scheduled by C-RNTI indicated in msgB1, or msgB2 can be scheduled by DL assignment included in msgB1.The format of msgB1 is similar as the RAR as legacy 4-step RACH, and the size of the DL assignment is exactly the same with that of UL grant.
[Intel]: Similar to OPPO, the Contention resolution ID MAC CE is included in msgB2 which is scheduled by TC-RNTI indicated in msgB1 in our proposal. It is not part of the successRAR.
[Nokia] For IDLE/INACTIVE UEs which this question concerns, the UL grant is not useful as they’re waiting for RRC response in DL to the transmitted RRC request message. If the UL grant were only for the purpose of ACK, it seems to generate extensive overhead, besides HARQ ACK feedback can be used as for Msg4 and it’s under discussion in RAN1.
[vivo] Contention resolution ID (i.e., contention resolution identity MAC CE) is only included when UL CCCH SDU is contained in msgA.
[DCM] Agree with Samsung.

	UL grant
	Samsung,OPPO, NEC, Intel, Apple, Lenovo, ETRI, Ericsson (optionally), vivo, Qualcomm, NTT DOCOMO ,Xiaomi
	ZTE, LG, CATT, Nokia, SONY,Huawei, InterDigital, MediaTek, Fujitsu, SW
	[ZTE]: The UL grant is not needed from RAN2’s point of view, and it’s up to RAN1 to determine whether some UL grant is required for the transmission of ACK for MsgB reception. 
[LG]: if necessary, UL grant is transmitted via PDCCH, not as MAC content
[Samsung]: Transmission in UL grant can act as implicit ACK for reception of MsgB. 
[OPPO], UL grant can be used to ack for msgB1, and in this case, C-RNTI is needed for not only used to provide unique ID for the UE but also used for the UE to receive scheduling of msgB2.
[NEC]: Basically, it would be better to wait for RAN1 on the UL grant. Some sympathy to Samsung on implicit Ack for MsgB reception.
[Intel]: As the legacy RAR is used, the UL grant is part of the RAR format. A R-bit of the legacy RAR is used to indicate whether to continue with reception of MsgB2. In this case, the UE will proceed to decode the subsequent PDCCH addressed to TC-RNTI for decoding PDSCH containing the contention resolution ID MAC CE and optionally DL RRC message.
[CMCC] if BSR is included in MsgA, UL grant is needed.
[Huawei] The condition of including a UL grant for new transmission is only for the case when the RACH is triggered by asychnroous UL or handover, as shown by the following part of spec
2>	if the C-RNTI MAC CE was included in Msg3:
3>	if the Random Access procedure was initiated for beam failure recovery (as specified in subclause 5.17) and the PDCCH transmission is addressed to the C-RNTI; or
3>	if the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI; or
3>	if the Random Access procedure was initiated by the MAC sublayer itself or by the RRC sublayer and the PDCCH transmission is addressed to the C-RNTI and contains a UL grant for a new transmission:
4>	consider this Contention Resolution successful;
4>	stop ra-ContentionResolutionTimer;
4>	discard the TEMPORARY_C-RNTI;
4>	consider this Random Access procedure successfully completed.
hence, in the case when CCCH message is sent in msgA, this UL grant is not needed for contention resolution
[InterDigital]: Inclusion of the grant can be optional, e.g. based on inclusion of BSR. 
[Ericsson] In some cases, like for NR-U, a grant may save another LBT or otherwise reduce latency.
[vivo] The UL grant in successRAR can be used by the UE to send a feedback to gNB, informing the contention resolution is successfully solved.
[Qualcomm] UL grant is useful for the following uplink transmission (i.e. ACK for msgB), while the UL grant can also be provided via PDCCH. So, this field can be (not should be) included in the content of sucessRAR and it is optional.
[DCM] UL grant can be used for gNB to confirm that UE received the contention resolution. Also, UE can transmit the data early in case of UL data resuming.
[MediaTek] UL grant could be useful, e.g. for transmission of Msg5 (RRC Complete message) in some cases, however this could be an optimization and it is not crucial.

	DL assignment
	OPPO, Apple, Fujitsu
	Nokia
	If UL grant is not included in the successRAR, we can replace the field with a DL assignment which is used for scheduling msgB2.
[Nokia] As the CU-DU delay may be rather long, providing a DL assignment much ahead in time makes no sense from NW point of view as scheduling decisions are done quite close to the actual scheduling.
[Apple] DL assignment in MsgB can be used for the SRB/DRB’s DL data transmission, e.g. RRC Connection Setup.

	C-RNTI
	ZTE, LG, Samsung, OPPO, NEC, CATT, Intel,CMCC, Nokia, SONY,Huawei, Apple, Lenovo, InterDigital, ETRI, Ericsson, vivo, Qualcomm, NTT DOCOMO, MediaTek, Fujitsu ,Xiaomi, SW, Panasonic
	
	[ZTE] C-RNTI is included in case of CCCH message in msgA to provide the UE ID in the cell.
[OPPO] C-RNTI is not only used for provide the UE ID in the cell but also used for scheduling msgB2.

	TA command
	ZTE, LG, Samsung,OPPO, NEC, CATT, Intel,CMCC, Nokia, SONY,Huawei, Apple, Lenovo, InterDigital, ETRI, Ericsson, vivo, Qualcomm, NTT DOCOMO, MediaTek, Fujitsu ,Xiaomi, SW, Panasonic
	
	

	
	
	
	

	
	
	
	

	
	
	
	



Based on the input, the following can be agreed: 
Proposal 10: The following fields can be included in the successRAR when CCCH message is included in msgA.
· Contention resolution ID: But it is FFS whether this is included in msgB1 or msgB2 (if msgB is split into multiple messages)
· C-RNTI
· TA command
Proposal 10a: RAN2 should discuss whether the following are needed in successRAR: 
· RA PID: 
· Although majority of companies think that this may not be needed for the procedure, many companies (8) point out that this is useful in efficient parsing of the msgB contents and reduces UE complexity
· UL grant: 
· Many companies think that this is useful to provide feedback whether msgB is received or not and also for some NR-U scenarios

Then for the case when C-RNTI is included in the msgA, then successRAR may still be needed if option 2 is chosen for Q9 above (i.e the solution where UE receives the C-RNTI as the contention resolution ID in msgB). Then the next question is what other fields can be included in the successRAR for this specific case? 
Q11: If option 2 above is chosen, what other fields can be included in the successRAR when C-RNTI is included in msgA. In the comments, companies can explain why each field is needed and if the field is not included but is needed, how it can be sent to the UE – e.g. in as separate MAC PDU etc?
	Contents of the successRAR if we choose option 2 (i.e. option of C-RNTI being echoed in msgB when C-RNTI is included in msgA)

	Content
	Yes, should be included 
	No, should not be included
	Comments

	RAPID
	CATT, Intel (if MsgB is received with PDCCH addressed to RA-RNTI), Lenovo, InterDigital, vivo
	ZTE, LG, Samsung,OPPO, NEC, Intel (if MsgB is received with PDCCH addressed to C-RNTI directly),CMCC, Nokia, SONY, Huawei, Apple, ETRI, Ericsson, Qualcomm, NTT DOCOMO, MediaTek, Fujitsu ,Xiaomi, Panasonic	Comment by ZTE(EV): Rapporteur: ETRI to check this response (as this seems different to the response in Q10 is this intentional)?
	[ZTE] Since the C-RNTI can be used to identify the UE, the RAPID is not needed.
[CATT] Having the RAPID in the sub-header allows quicker parsing.
[Intel] This is used to match with the transmitted preamble in MsgA. If none is received in the subheader, the UE does not have to decode the actual RAR. Also in our scheme, the legacy RAR is used, the RAPID is part of the RAR format. However, if the successRAR is considered with direct decoding of PDCCH addressed to C-RNTI (without RA-RNTI), then RAPID is not needed.
[vivo] To guarantee the byte-aligned, RAPID can be included in the subheader as in 4-step RACH. And we can reuse the legacy MAC RAR subheader for 2-step RACH.

	Contention resolution ID
	Nokia
	ZTE, LG, Samsung,OPPO, NEC, CATT, Intel,CMCC, Huawei, Apple, Lenovo, InterDigital, ETRI, Ericsson, vivo, Qualcomm, NTT DOCOMO, MediaTek, Fujitsu ,Xiaomi
	[ZTE] In this case, the contention resolution is provided by echoing the C-RNTI. So, the contention resolution ID is not needed. 
[CATT] Referring to our reply to Q7, if option 2 in Q9 is selected, there are two types of msgB RAR because of the different sizes of UE IDs
[Intel] If MsgB is received with PDCCH addressed to C-RNTI directly, then Contention Resolution is done via PDCCH.
[Nokia] It seems that naturally the contention resolution ID should echo the C-RNTI provided in MsgA.

	UL grant
	Samsung,OPPO, NEC, CATT, Intel, Huawei, Apple, Lenovo, Ericsson (optionally included), vivo, Qualcomm, NTT DOCOMO ,Xiaomi
	ZTE, LG, Nokia, SONY, InterDigital, ETRI, MediaTek, Fujitsu
	[ZTE]: The UL grant is not needed from RAN2’s point of view, and it’s up to RAN1 to determine whether some UL grant is required for the transmission of ACK for MsgB reception. 
[LG]: if necessary, UL grant is transmitted via PDCCH, not as MAC content
[Samsung]: Transmission in UL grant can act as implicit ACK for reception of MsgB. Additionally in case 2 step RACH is performed for scheduling request, reception of UL grant in MsgB can reduce latency.
[OPPO]: it’s included in a MAC CE with TA command, which is used for contention resolution for the RACH triggered in connected state except BFR RACH and PDCCH order triggered RACH.
[NEC]: Slightly different from Q10, the UL grant is useful, considering the C-RNTI is included in MsgA, where the possible scenario is e.g. to resume the UL data or to complete the re-establishment.
[CATT] Different from idle/inactive mode, one use case triggering RACH procedure for connected UE is UL data arrival. UL grant in successRAR helps fast UL transmission
[Intel]: As the legacy RAR is used for the case the MsgB is received with PDCCH addressed to RA-RNTI, the UL grant is part of the RAR format. A R-bit of the legacy RAR is used to indicate whether to continue with reception of MsgB2. In this case, the UE will proceed to decode the subsequent PDCCH addressed to TC-RNTI for decoding PDSCH containing the contention resolution ID MAC CE and optionally DL RRC message.
[Nokia] UL grant need for UL data arrival case but not for other cases, it can be scheduled via dedicated grant as well. However, as it would be needed for some cases, it seems that using Option 2 for C-RNTI case does not fit well.
[Huawei] It should be included but only in the case when RACH is triggered by MAC sublayer or RRC sublayler.
[InterDigital]: Inclusion of the grant can be optional, e.g. based on inclusion of BSR in MsgA or for confirmation of BFR termination.
[vivo] The UL grant can be used to send a feedback on the successful contention resolution and a potentially BSR MAC CE for some cases, such as SR failure and handover.
[Qualcomm] UL grant is useful for the following uplink transmission (i.e. ACK for msgB), and the UL grant also can be provided vai PDCCH. So, this field can be (not should be) included in the content of sucessRAR and is optional.
[MediaTek] An UL grant addressed to C-RNTI can be sent on PDCCH if needed.

	DL assignment
	Fujitsu
	
	[Fujitsu] We should consider the MsgB commonality between Q10 and Q11. We are supporting the inclusion of this field in MsgB for Q10, so should consider this field for Q11. It can ease the MsgB decoding in the UE side.

	C-RNTI
	ZTE, Samsung,OPPO, NEC, CATT, Intel,CMCC, Huawei, Apple, Lenovo, InterDigital, ETRI, vivo, Qualcomm, NTT DOCOMO, Fujitsu , Xiaomi, Panasonic
	LG, Ericsson, MediaTek
	[ZTE] If option 2 is chosen for Q9, then C-RNTI is needed 
[LG] C-RNTI isn’t included but can be included if option 2 is chosen.
[OPPO] C-RNTI is not included in the payload of msgB but used to scramble the PDCCH scheduling msgB2
[Nokia] C-RNTI as contention resolution ID.
[Huawei] if Option1 is chosen in Q9, C-RNTI is not necessary. if Option2 is chosen, it is necessary. 
[Lenovo] Same view as Nokia. C-RNTI is used as contention resolution ID
[Ericsson]: With Option 1 (PDCCH addressed to C-RNTI) no C-RNTI is required.
[Qualcomm] Only if option 2 is considered for Q9.
[MediaTek] Maybe a clarification is needed: the C-RNTI does not have to be explicitly included in message contents, but MsgB PDCCH is addressed to C-RNTI.
[Fujitsu] We should consider the MsgB commonality between Q10 and Q11. If C-RNTI is included for Q10, then it is needed for Q11. It can ease the MsgB decoding in the UE side.

	TA command
	ZTE, LG, Samsung, OPPO, NEC, CATT, Intel,CMCC, Nokia, SONY, Huawei, Apple, Lenovo, InterDigital, ETRI, Ericsson, vivo, Qualcomm, NTT DOCOMO, MediaTek, Fujitsu ,Xiaomi, Panasonic	Comment by ZTE(EV): Rapporteur: ETRI to check this – added based on the response to Q10 as this seems missing here. 
	
	[OPPO]:
· MAC CE including TA command (12 bit)
· MAC CE including TA command (12bit) and UL grant (27bits), for the purpose of contention resolution for RACH triggered in connected mode except for BFR RACH and PDCCH order triggered RACH. 
[Nokia] So in the end, only TA needed for connected mode UE which should be able to be scheduled via dedicated PDCCH. 
[vivo] From perspective of gNB, TA command of 12 bit will be always included in successRAR, as it might be unable to distinguish the 2-step RACH trigger event among SR failure, UL data arrival when UL is non-synchronized, and BFR.
[MediaTek] TA command is not mandatory, it depends on the scenario.

	
	
	
	

	
	
	
	

	
	
	
	



Based on proposal 9/9a and 11/11a, it seems this option need not be discussed further (since the majority view is that PDCCH addressed to C-RNTI will be used for contention resolution in this case). 
So, just an observation is made as follows: 
Observation 11: Majority of companies believe that for MsgA with C-RNTI, the contention resolution shall be made based on the PDCCH addressed to C-RNTI. So, the option to echo C-RNTI in msgB in this case is not necessary. 

Many companies have said that upon receiving a “fallback” indication (i.e. fallbackRAR mentioned above), the UE should proceed to msg3 step of 4-step RACH. i.e. the UE shall retransmit the msgA-payload in the msg3. The next question is to confirm whether companies agree to this or if not, what should the UE response be to the fallback response.

Q12: Do companies agree that upon receiving the fallbackRAR, the UE shall proceed to msg3 step of 4-step RACH procedure? If “No” please explain what the UE should do upon receiving this network response.
	Company
	Yes/No
	Comments if any

	ZTE
	Yes
	Given that fallbackRAR will be sent upon successful reception of the preamble, there is no need to go back to msg1/msgA step. Instead, the UE can retransmit the msg3 payload and fallback to the 4-step RACH procedure. The rest of the RACH procedure will then follow 4-step RACH procedure. 

	LG
	Yes
	Preamble retransmission is unnecessary in case of only preamble of msgA is successfully detected. From the aspect of latency, it’d be better for UE to send msg 3.

	Samsung
	Yes
	Upon receiving fallbackRAR, UE transmit Msg3. UE performs contention resolution as in 4 step RACH procedure. If contention resolution fails, UE retransmits msgA.


	OPPO
	Yes
	It should be straightforward.

	NEC
	Yes
	

	CATT
	Yes
	And the size of Msg3 does not need to be the same as PUSCH of msgA. MAC PDU rebuilding mechanism in NR Rel-15 for Msg3 can be reused.

	Intel
	Yes
	

	CMCC
	Yes
	

	Nokia
	Yes
	

	SONY
	Yes
	By receiving fallbackRAR, UE transmit message 3 straight away.

	Huawei
	Yes
	

	Apple
	Yes
	Upon receiving the fallback RAR, UE can directly transmit Msg3 according to the UL grant indicated in the RAR as same as 4-step RACH.

	Lenovo 
	Yes 
	UE retransmits the TB from MsgA within Msg3. The TB from MsgA should be stored in a buffer, e.g. msg3 buffer. 

	InterDigital
	Yes
	

	ETRI
	Yes
	

	Ericsson
	Yes
	We think the term fallbackRAR should not be used as legacy RAR can indicate fallback. Not a new message.

	Vivo
	Yes
	In this case, UE falls back from 2-step RACH to 4-step RACH.

	Qualcomm
	Yes
	Fallback to the 4-step RACH procedure for the case where only the msgA preamble is detected by gNB should be supported. UE shall retransmit the payload of msgA in the msg3 step and wait for msg4 to solve the contention resolution.

	NTT DOCOMO
	Yes
	

	MediaTek
	Yes
	

	Fujitsu
	Yes
	

	Xiaomi
	Yes
	

	ITRI
	Yes
	UE can only retransmit the msg3 payload and fallback to the 4-step RACH procedure, because fallbackRAR is sent upon successful preamble reception.

	Sierra Wireless
	Yes
	

	Panasonic
	Yes
	



All companies agree the following proposal: 
Proposal 12: Upon receiving the fallbackRAR, the UE shall proceed to msg3 step of 4-step RACH procedure

Then the next question is what fields can be included in the fallbackRAR?

Q13: What fields can be included in the fallbackRAR?
	Contents of the fallbackRAR

	Content
	Yes, should be included 
	No, should not be included
	Comments

	RAPID
	ZTE, LG, Samsung, OPPO, NEC, CATT, Intel, CMCC, Nokia, SONY, Huawei Apple, Lenovo, InterDigital, ETRI, Ericsson, vivo, Qualcomm, NTT DOCOMO, MediaTek, Fujitsu,Xiaomi, SW, Panasonic
	
	[LG]: Same as the legacy msg2
[OPPO]: RAPID is included in the subheader as legacy 4-step RACH RAR format.

	UL grant (to retransmit the msgA payload)
	ZTE, LG, Samsung,OPPO, NEC, CATT, Intel, CMCC, Nokia, SONY, , Huawei, Apple, Lenovo, InterDigital, ETRI, Ericsson, vivo, Qualcomm, NTT DOCOMO, MediaTek, Fujitsu,Xiaomi,SW, Panasonic
	
	[LG]: Same as the legacy msg2

	TC-RNTI
	ZTE, LG, Samsung, OPPO, NEC, CATT, Intel,CMCC, Nokia, SONY, Huawei, Apple, Lenovo, InterDigital, ETRI, Ericsson, vivo, Qualcomm, NTT DOCOMO, MediaTek, Fujitsu,Xiaomi, SW, Panasonic
	
	[LG]: Same as the legacy msg2

	TA command
	ZTE, LG, Samsung, OPPO, NEC, CATT, Intel,CMCC, Nokia, SONY, Huawei, Apple, Lenovo, InterDigital, ETRI, Ericsson, vivo, Qualcomm, NTT DOCOMO, MediaTek, Fujitsu,Xiaomi, SW, Panasonic
	
	[LG]: Same as the legacy msg2

	Backoff indicator
	LG, SONY, NTT DOCOMO, Fujitsu
	
	[LG]: Same as the legacy msg2
[OPPO]: it’s not necessary include BI subPDU in the RAR.
[SONY] Same as the legacy msg2
Ericsson: legacy msg2 used



	
	
	
	

	
	
	
	



There is a consensus for the following fields in the fallbackRAR: 
Proposal 13: FallbackRAR should contain the following fields
· RAPID
· UL grant (to retransmit the msgA payload)
· TC-RNTI
· TA command
A few companies also said that that a backoff indicator can also be indicated. These companies also think that this is same as msg2. Although this is true, the backoff indicator is a separate MAC SDU and is not part of the RAR in case of msg2. So, this is not proposed to be included. 
In the 4-step RACH procedure, after transmitting the RACH preamble, the UE starts a timer (ra-ResponseWindow) and monitors the PDCCH for a response from the network. Similarly, having transmitted the msgA, the UE shall monitor the PDCCH for a response from the network. An agreement was made regarding this as follows: 

The start of the msgB reception window is after the PUSCH transmission opportunity of msgA.  
RAN1 assumed “At least support one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit” in last meeting. If gNB received two (or more) preambles corresponding to one PUSCH in one RO, there is high likelihood that the PUSCH of msgA can’t be decoded correctly. In this case, some gNB implementation can chose not to waste further time trying to decode the PUSCH and rather fall back immediately to 4-step RACH. But this is not possible with above agreement since the UE has to wait for the end of PUSCH transmission anyways before starting the msgB reception window. Therefore we suggest reconsidering the agreement of start point of msgB window considering the case that gNB can identify a high risk of PUSCH reception failure in advance.
Q13a: Is it possible that gNB responds fallbackRAR before receiving PUSCH of msgA?
	Company
	Yes/No
	Comments if any

	CATT
	Yes
	Reconsider the agreement of start point of msgB window and msgB window can be started after preamble transmission.

	ZTE
	No
	Even if there is a multiple-to-one mapping between preambles and the RO, it is possible that both/all the PUSCH instances can be decoded by the gNB. In fact, depending on the timing offset the probability that both can be decoded is very high (see R1-1903881 – Fig 8) . Then the probability that at least one of these is decoded would be even higher and the gNB doesn’t know which PUSCH can be successfully decoded before receiving the PUSCH payload. So, preemptively sending a fallback indication seems pessimistic and will be a waste of radio resource if the PUSCH can still be successfully decoded. Anyway, if there is any need for such an indication, RAN1 can inform RAN2.

	
	
	

	
	
	



There was not enough input to conclude on the above aspect. So, no proposal is made. Discussion can continue based on contributions if necessary. 



However, the exact point in time at which this window is started is still not decided. In case of legacy 4-step RACH, the RAR window is started at the first PDCCH occasion after the RACH transmission. However, it was also mentioned that a further offset may be needed for the starting point of this window (e.g. to consider the RRC processing delay for decoding the CCCH message included in the msgA and/or the CU/DU front haul delay etc). So, companies are invited to answer the following question from RAN2 perspective: 

Q14: Should there by a further offset defined for the start of the msgB monitoring window (to take into account the RRC processing delay considering the CU/DU split aspects into account)?
	Company
	Yes/No
	Comments if any

	ZTE
	No
	According to our views in Q8, we think the MAC SDU for SRB/DRB shall be transmitted in a separate MAC PDU, scheduled by C-RNTI, after the successful completion of 2-step RACH procedure. If this approach is chosen, we think there is no need to consider the RRC processing delay and CU-DU fronthaul delay in the MsgB reception (i.e. the successful RAR/fallback RAR can be generated by DU itself, thus no RRC processing delay and CU-DU fronthaul will be introduced)., and the further offset is not needed from RAN2’s point of view. 
However, it is also worth noting that there is on-going discussion in RAN1 that whether a configurable offset is needed to delay the start of MsgB monitoring window. If RAN1 think a configurable offset is needed, from RAN1’s point of view, then we think the configurable offset can still be introduced.

	LG
	No
	In the current MAC spec, UE starts ra-ContentionResolutionTimer once msg3 is transmitted. As in 4-step RACH, window for success response of 2-step RACH should be started once payload of msgA is transmitted.

	Samsung
	No
	msgB monitoring window should start at the earliest PDCCH monitoring occasions after the transmission of PUSCH. This can enable network to transmit response as soon as possible. Window size can be configurable to account for processing delays at the network.

	OPPO
	NNot for the RRC processing
	RRC message may not be necessarily included in either parts of the msgB.
We think the starting time is more related to how much time network needs to decode both the preamble and PUSCH, especially the PUSCH. So we think maybe we need to ask RAN1?

	NEC
	NNo
	From RAN2 point of view, the standardized/configured offset seems not necessary, as the UE should start the MsgB monitoring from the first available PDCCH occasion after MsgA transmission. 

	CATT
	No
	No extra delay is needed.

	Intel
	Yes
	To at least take into account of the CU-DU delay and the need to decode the MsgA PUSCH at the CU in the case of MsgA contains CCCH message. This is important for the NR-u where there is a need to include both the MsgB and any optional DL RRC message in the same MCOT.

	CMCC
	
	Waiting for RAN1’s conclusion.

	Nokia
	No
	Simples to start from the first PDCCH occasion after PUSCH transmission. Where to configure the PDCCH occasion and the PUSCH are up to the gNB implementation, but no need to have an explicit configuration for offset in addition. This would unnecessarily delay also the CONNECTED mode UEs who indicated C-RNTI in the MsgA and are not waiting for RRC response. 

	SONY
	No
	Same as Samsung.

	Huawei
	No
	If RRC message is not included in msgB, the CU does not need to process the message and only DU is required. Apart from this, we are still open for the other reasons why there should be such an offset.

	Apple
	No
	We donot need to consider RRC processing delay in the starting point of msgB monitoring window.

	Lenovo
	No
	Same view as Samsung

	InterDigital
	No
	Same view as Samsung

	ETRI
	No
	We share Samsung’s view..

	Ericsson
	No
	We do not see any reason why the window could not start at the first PDCCH monitoring occasion after the PUSCH transmission. 

	vivo
	No but
	Considering that the MAC PDU for SRB/DRB will not be included in MsgB, as approved by a large majority in Q8. There is no needs to consider the RRC processing delay and CU-DU fronthaul transmission latency when determining the starting position of msgB monitoring window. 
However, the processing time of decoding PUSCH may be longer than that of detecting preamble and the gNB doesn’t know whether the MsgA PUSCH will be successfully decoded or not before finishing the decoding work. In another words, the gNB will not respond any message until the PUSCH part is completely processed. Therefore, an offset should still be taken into consideration for UE power saving. And the value of offset can be fixed (i.e., pre-defined) based on the numerology. Of course, all is up to RAN1.

	Qualcomm
	No
	No need further offset. MsgB monitoring window can be extended to cover the network processing delay.

	NTT DOCOMO
	Yes/No
	We think that the RRC processing delay considering the CU/DU split aspects does not need to be taken into account since RRC message is not essential to complete RA procedure. But, from physical layer point of view, RAN1 should confirm the necessity of the offset. 

	MediaTek
	No
	From RAN2 point of view, an offset is not necessary. 

	Fujitsu
	No
	We assume that the gNB transmits MsgB during ContentionResolutionTimer-like timer. The time should be configurable and the maximum value is long value like in NR.

	Xiaomi
	No
	Agree with samsung

	Sierra Wireless
	No
	

	Panasonic
	No
	



Apart from 1 company, all other companies agree that there is no need for any further offset (note that some companies said that an offset may be needed for RAN1 purposes). So, the following is proposed from RAN2 perspective: 
Proposal 14: From RAN2 perspective no further offset is needed for the start of msgB monitoring window (i.e. no offset is needed to cover the RRC processing delay and/or F1 delay). 

If the answer to the question above is “Yes”, do we need a fixed delay or a configurable delay?

Q15: If the answer to Q8 is “yes”, please provide your preference and justification whether this offset should be fixed or configurable
	Company
	fixed/
configurable
	Comments if any

	Intel
	Configurable
	Dependent on deployment



It was also proposed that in addition to the msgB monitoring window per above, the UE may also start another window to control the reception of the fallbackRAR from the network. 
Given the response to Q14, no proposal is made for this aspect. 

So, the next question is as follows:
Q16: Should the UE use a different window (in addition to the agreed msgB window) to control the reception of the fallbackRAR?
	[bookmark: _Hlk7709559]Company
	Yes/No
	Comments if any

	ZTE
	No
	Since the UE can receive both successRAR and fallbackRAR within the msgB window, we don’t see a need to have a separate window for successful RAR and fallback RAR. Upon transmitting the PUSCH payload part of msgA, the UE shall start one timer (i.e. msgB window) for network response. 

	LG
	Yes
	As mentioned in Q7, legacy msg2 is reused for fallback response and/or backoff indication. The fallback response and/or backoff indication should be sent separately from the success response so that fallback procedure can be triggered fast because window of the success response is longer than that of msg2.

	Samsung
	No
	Same view as ZTE

	OPPO
	NNo
	No need to introduce extra window.

	NEC
	NNo
	

	CATT
	No
	And we prefer a unified MAC RAR design for successful and fallback RAR as replied in Q7.

	Intel
	No
	

	Nokia
	No
	Since the gNB would only know fall back is needed or not after decoding PUSCH.

	SONY
	No
	 Same view as Samsung and ZTE

	Huawei
	No
	It has been agreed that msgB timer starts after PUSCH transmission and this should be the same for both successRAR and fallbackRAR. Then, it is not clear what benefit there will be if we configure separate timers for successRAR and fallbackRAR.  

	Apple
	No
	

	Lenovo
	No
	

	InterDigital
	No
	

	ETRI
	No
	

	Ericsson
	No
	If we envision that the msgB window can be much longer (c.f 4-step), some enhancement should be made.

	vivo
	No
	As analyzed in Q14 above, gNB will not respond a fallbackRAR to the UE until finishing the decoding of MsgA PUSCH. We do not see any benefits to introduce another window. One msgB monitoring window is sufficient for all cases.

	Qualcomm
	No
	

	NTT DOCOMO
	May be fixed
	It should be addressed in RAN1 as that for RA response window for 4-step RACH. 

	MediaTek
	No
	No strong motivation to introduce separate windows.

	Fujitsu
	Yes
	It is supposed that msgB window is longer than legacy msg2 window. If the RA-RNTI to be monitored for fallback RAR reuses the legacy RA-RNTI calculating method, the allowed window length of fallback RAR should be the same to legacy RAR window. There will be RAR confusion in UE if the fallback RAR share the same window with success RAR. 
Otherwise if the fallback RAR and legacy msg2 don’t share the same RA-RNTI range, more RA-RNTI consumption is needed especially when the fallback RAR and the success 2-step RAR is recognized by RA-RNTI. But the RA-RNTI is limited. So keeping the legacy msg2 receiving window as the fall-back RAR window is reasonable. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Furthermore, the time UE starts receiving fallbackRAR and successRAR is different, UE should start receiving fallback RAR at the end of preamble transmission but start receiving success RAR after PUSCH transmission. So separate the msgB window and the fall-back RAR window is a safer and clearer mechanism than the same window.

	Xiaomi
	No
	

	ITRI
	No
	UE can receive successRAR and fallbackRAR within same window. No need to introduce a different window.

	Sierra Wireless
	No
	

	Panasonic
	No
	




Large majority of companies agree that there is no need for an additional window to monitor the reception of the fallback message. 
So, the following is proposed: 
Proposal 16: No other window (other than the agreed msgB window) is specified for the monitoring of the fallback message. 

RAN1 has agreed that the following options are possible for configuration of the 2-step RACH resources: 
	Agreements:
· For the relation of PRACH resources between 2-step and 4-step RACH, the network has the flexibility to configure the following options:
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· Option 2: Shared RO but separate preambles for 2-step and 4-step RACH



In case of separate ROs (option 1), the RA-RNTI for 4-step RACH and 2-step RACH will be different. However, in case of shared RO but separate preambles (option 2 highlighted above), the RA-RNTI will be the same. However, considering that the response for 2-step RACH may contain different contents than the response for 4-step RACH per above discussion and the R bit is ignored by legacy UEs, at least for the successful case, one question is whether the response for 2-step RACH and 4-step RACH can be multiplexed within the same MAC PDU. 

Q17: Can the msgB containing successRAR be multiplexed with the legacy RAR in the same MAC PDU?
	[bookmark: _Hlk7710107]Company
	Yes/No
	Comments if any

	ZTE
	No
	Considering that the length/format of legacy RAR for 4-step RACH and successful RAR for 2-step RACH are very much likely to be different, and the R bit in MAC PDU will be ignored by the legacy UE, we think the legacy RAR for 4-step RACH and the successful RAR for 2-step RACH cannot be multiplexed in one MAC PDU.

	LG
	No
	The legacy UE does not need to decode success response (msg B) of 2-step RACH. The decoding causes an additional and unnecessary UE power consumption.

	Samsung
	No
	Same view as ZTE

	OPPO
	NNo
	msgB2 including contention resolution information can not be multiplexed with legacy RAR in the same MAC PDU.
msgB1 can be multiplexed with legacy RAR in the same MAC PDU, since all the formats are the same. And since 2-step RACH UE and 4-step RACH UE are differentiated by the preamble for option 2, so there is no impacts to legacy 4-step RACH UE to decode the RAR and get the MAC RAR according to the RAPID in the subheader.

	NEC
	NNo
	Same view as ZTE.

	CATT
	No
	As replied in Q7, successRARs for different UEs can be multiplexed in msgB MAC PDU, and fallback and legacy RAR can be multiplexed in Msg2 MAC PDU.

	Intel
	Yes
	We do not see the need to restrict this as long as there is no change to the RAR format and RAR PDU structure.

	CMCC
	No
	

	Nokia
	No
	As the format of individual response is likely different from legacy RAR, multiplex into the same PDU would have backward compatibility issue for legacy UEs to find its RAR.

	SONY
	No
	

	Huawei
	No
	Multiplexing of legacy msg2 and 2-step RACH response should be avoided for the compatibility with legacy UE

	Apple
	No
	MsgB RAR and Msg2 RAR should be in the different MAC PDU due to the different content and size.

	Lenovo
	No
	

	InterDigital
	No
	That may cause backward incompatibility issues.

	ETRI
	No
	

	Ericsson
	No
	

	vivo
	No
	Same view as ZTE and InterDigitail. Back-compatible issues must be avoided.

	Qualcomm
	No
	

	NTT DOCOMO
	No
	Agree with ZTE

	MediaTek
	Yes
	This is related to Q18 below. It is not strictly necessary to exclude multiplexing of Msg2/MsgB responses as long as MsgB response can be decoded without any errors by a 4-step RACH UE.

	Fujitsu
	No
	Same view as other companies.

	Xiaomi
	No
	

	ITRI
	No
	Because the format of 4-step RACH and successful RAR for 2-step RACH are very much likely to be different, we think msgB containing successRAR cannot be multiplexed with the legacy RAR in the same MAC PDU.

	Sierra Wireless
	No
	

	Panasonic
	No
	



Apart from 2 companies, everyone agree that the msgB containing the successRAR cannot be multiplexed with the legacy RAR in the same MAC PDU
Proposal 17: MsgB containing the succcessRAR shall not be multiplexed with the legacy RAR in the same MAC PDU
Then the next question is how the legacy UEs are precluded from receiving the msgB for 2-step RACH. The following options may be possible (and companies can add more options if applicable): 
Option 1: Separate CORESET/Searchspace for msg2 and msgB
Option 2: Different RA-RNTI for msg2 and msgB
Option 3: Different DCI content

Q18: For differentiating between legacy RAR and msgB which option do companies support?
	[bookmark: _Hlk7710592]Company
	Option
	Comments if any

	ZTE
	Option 1
	Considering the RACH/PUSCH occasion for 2-step RACH and 4-step RACH can be different, and RA-RNTI space is quite limited (i.e. 16bits), we prefer to have separate CORESET/Searchspace for the reception of Msg2 and MsgB. With the separately configured CORESET/Searchspace, only the Msg2 can be scheduled by the legacy 4-step RACH CORESET/Searchspace and only the MAC PDU for MsgB can be scheduled by the 2-step RACH CORESET/Searchspace

	LG
	Option2
	msg 2 and msgB containing success response shouldn’t use the same RNTI. The legacy UE just monitors the PDCCH identified by the RA-RNTI for msg 2. The UE, which is performing 2-step RACH, monitors the PDCCH identified by new RNTI for success response as well as the PDCCH identified by the RA-RNTI for fallback response (msg 2).

	Samsung
	Option 1
	

	OPPO
	No need to differentiate
	We think msgB1 can multiple legacy RAR and Fallback RAR, so there is no need to differentiate.

	NEC
	Option 1
	but this should be discussed in RAN1.

	CATT
	Option 2
	Option 1 will involve RAN1 while option2 can be addressed in RAN2 only. 

	Intel
	No need to differentiate
	Agree with OPPO. There is no need to have such differentiation as long as the RAR format and RAR PDU structure do not change.

	CMCC
	Option 1
	

	Nokia
	Option 1&2
	If with different ROs, different RNTI can be used without different CORESET/searchspace. While if same ROs are used, different CORESET/Searchspace can be configured. Up to gNB configuration. This generally depends on the RNTI design for MsgB reception as well.

	SONY
	Option 2
	Different RNTI for msg2 and msgB containing successRAR.

	Huawei
	Option1
	The space of RA-RNTI is already quite limited with the maximum of 80 slots within a subframe and further extending the RA-RNTI will at least double the RA-RNTI space, which is not desirable. Configuring a separate searchSpace/COREST is the most straight-forward approach.

	Apple
	Option 1
	It should discuss in RAN1 first.

	Lenovo
	Option2
	However with think that RAN1 should first discuss this issue. 

	InterDigital
	Option 1
	

	ETRI
	Option 2
	Separate RA-RNTI for msg2 and msgB is more simple solution and no impact to legacy UE.

	Ericsson
	Option 2
	This question is ambiguous and also dependant on RAN1. The response to msgA can be either a RAR indicating fallback (msg2), a RAR indicating back off or a msgB. The first does not have to be differentiated from a 4-step RAR. Other addressed to a unique UE.

	vivo
	Option2
	We prefer option 2 as more resource overhead will be brought if option1 is adopted. What’s worse, the potential transmission opportunities for PDSCH scheduling MsgB may be reduced in NR-U scenario for option1. 

	Qualcomm
	Option 2
	2-step RACH UE can have different RA-RNTI for msgB, since the RAR window for 2-step RACH UE may need to be longer.

	NTT DOCOMO
	Option2
	We assume that separeta ROs for 2step and 4 step and thus RA-RNTI should be different.

	MediaTek
	No need to differentiate
	Because of the impact on the RNTI space, option 2 should be avoided. Feasibility of option 1 can be evaluated by RAN1, since it has an impact on the PDCCH resources. However, as mentioned in our response for Q17, it is possible to multiplex 4-step and 2-step RACH RARs from RAN2 point of view.

	Fujitsu
	2 or 3
	From RAN2 point of view, option 2 or option 3 is feasible.
Different DCI content can also be considered for differenciating msg2 and MsgB. 
RAN1 is supposed to down select the applicable method among different options.

	Xiaomi
	Option 2
	

	Sierra Wireless
	Option 1
	

	Panasonic
	No need to differentiate
	For 2 step RACH, CORESET/search space/RNTI can be separately configured. Then these can be different from 4 step RACH. On the other hand, as far as preamble is separated, by reading the RAPID is sufficient to know whether this is a legacy RAR or Msg.B.




It seems there is a slight majority towards using a different RNTI. However, companies also think that RAN1 should consider this issue. A few companies believe there is no need to differentiate. 
Given the above, the following is proposed:
Proposal 18: RAN2 to ask RAN1 to down select between the following options
· Option 1: Separate CORESET/Searchspace for msg2 and msgB
· Option 2: Different RA-RNTI for msg2 and msgB
3. Summary and proposals
Proposal 1: From RAN2 perspective, 2-step RACH selection can be based on:
· Option 1: radio quality
· Network configures a radio quality related threshold (e.g. RSRP threshold or ReceivedTargetPower) and UE selects 2-step RACH if the quality criterion is satisfied. 
· Option 2: (e.g. indicating to all UEs via SIB, or dedicated configuration in RRC_CONNECTED/INACTIVE states)
Proposal 1a: Final decision on the need and details of the radio quality-based threshold (option 1) is up to RAN1

Proposal 2: From RAN2 perspective, UE does not need to perform RACH type selection for every retransmission attempt of msgA/msg1 within a given RACH procedure (i.e. if 2-step RACH is selected for initial RA, then all retransmissions use 2-step RACH etc).
Proposal 3: RAN2 should further discuss whether additional criteria are needed to enable the UE to switch from 2-step to 4-step RACH: 
· Understand the pros and cons of such switching mechanism, considering that fallback procedure exists
· Timer or counter based approaches may be considered for this if a mechanism is deemed necessary
Proposal 4: No need for any mechanism to enable UE to switch from 2-step to 4-step RACH or vice-versa if the backoff timer is running 

Observation/Conclusion 5: Any additional RAN2 related criteria (e.g. based on logical channel, RACH load, MAC PDU size etc) for RACH type selection can be discussed based on the contributions. 

Proposal 6: In general, it should be possible to design the network response for msgA such that at least parts of the message can be addressed to different UEs (i.e. a common message similar to legacy Msg2). 
· FFS which IEs are included in the common message (more details in the proposals below)
Proposal 7: Network response to msgA (i.e. msgB) can include the following: 
· SuccessRAR 
· FallbackRAR
· Backoff Indication
FFS: format of successRAR and whether successRAR is split into more than one message and format of fallbackRAR and whether legacy msg2 can be reused for fallbackRAR


Proposal 8: For the successful case, it should be possible for the network to send the MAC SDU for SRB/DRB separately than the successRAR (i.e. in a different MAC PDU addressed to the UE’s C-RNTI)

Proposal 8a: RAN2 to further discuss whether a mechanism to allow the MAC SDU for SRB/DRB in the same MAC PDU as the successRAR should also be supported by the specs
Proposal 9: For MsgA with C-RNTI, the contention resolution shall be made based on the PDCCH addressed to C-RNTI.
For this to work, the following framework needs to be agreed as well: 
Proposal 9a:
For MsgA with C-RNTI, within the MsgA response window, the UE is required to monitor both the msgB-RNTI (for MsgB reception) and C-RNTI. 
· If the PDCCH addressed to the C-RNTI (i.e. C-RNTI included in MsgA) containing the 12 bit TA command MAC CE is received, the UE should consider the contention resolution to be successful and stop the reception of MsgB.
· If the corresponding fallback RAR is detected in MsgB, the UE should stop the monitoring of PDCCH addressed to the corresponding C-RNTI and process the fallback operation accordingly.
· If neither corresponding fallback RAR nor PDCCH addressed C-RNTI is detected within the MsgB response window, the UE should consider the preamble transmission attempt failed and do back off operation based on the backoff indicator if received in MsgB.
· A new MAC CE with 12bits Timing Advanced Command shall be introduced

Proposal 10: The following fields can be included in the successRAR when CCCH message is included in msgA.
· Contention resolution ID: But it is FFS whether this is included in msgB1 or msgB2 (if msgB is split into multiple messages)
· C-RNTI
· TA command
Proposal 10a: RAN2 should discuss whether the following are needed in successRAR: 
· RA PID: 
· Although majority of companies think that this may not be needed for the procedure, many companies (8) point out that this is useful in efficient parsing of the msgB contents and reduces UE complexity
· UL grant: 
· Many companies think that this is useful to provide feedback whether msgB is received or not and also for some NR-U scenarios

Observation 11: Majority of companies believe that for MsgA with C-RNTI, the contention resolution shall be made based on the PDCCH addressed to C-RNTI. So, the option to echo C-RNTI in msgB in this case is not necessary. 

Proposal 12: Upon receiving the fallbackRAR, the UE shall proceed to msg3 step of 4-step RACH procedure

Proposal 13: FallbackRAR should contain the following fields
· RAPID
· UL grant (to retransmit the msgA payload)
· TC-RNTI
· TA command

Proposal 14: From RAN2 perspective no further offset is needed for the start of msgB monitoring window (i.e. no offset is needed to cover the RRC processing delay and/or F1 delay).

Proposal 16: No other window (other than the agreed msgB window) is specified for the monitoring of the fallback message. 

Proposal 17: MsgB containing the succcessRAR shall not be multiplexed with the legacy RAR in the same MAC PDU

Proposal 18: RAN2 to ask RAN1 to down select between the following options
· Option 1: Separate CORESET/Searchspace for msg2 and msgB
· Option 2: Different RA-RNTI for msg2 and msgB
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Q3: Additional criteria for switching from 2-step to 4-step after a given number of failures etc needed? 


Yes	No	Yes/No	9	15	2	
Q4: Should the UE be allowed to select 4-step RACH if the backoff timer is running for 2-step RACH procedure? 


Yes	No	depends	2	16	2	
Similar to RAR in 4-step RACH, can the response message from the gNB be addressed to multiple UEs in case of 2-step RACH? 


Yes	No	FFS	21	2	2	
Q7: Do companies agree that the network response (i.e. msgB) can contain either successRAR or fallbackRAR or Backoff Indication?  


Yes	No	N/A	19	4	1	
Q8: for the successful case, should the MAC SDU for SRB/DRB be sent separately than the successRAR (i.e. in a different MAC PDU addressed to the UE’s C-RNTI)? 


Yes	No	Yes/No	14	7	2	
which option should be selected for the contention resolution in case C-RNTI is included in MsgA? 


PDCCH addressed to C-RNTI	C-RNTI in msgB	16	5	
Should the UE use a different window (in addition to the agreed msgB window) to control the reception of the fallbackRAR?


Yes	No	maybe	2	21	1	
Q17: Can the msgB containing successRAR be multiplexed with the legacy RAR in the same MAC PDU?


Yes	No	2	23	
Q18: For differentiating between legacy RAR and msgB which option do companies support?


Separate CORESET/Searchspace 	Different RNTI 	Different DCI content	No need to differentiate	9	12	1	4	
Criteria to select RACH type


radio quality	access category	Nw config	Logical channel	overload factor	MAC PDU size	15	0	19	2	3	1	
Q2: Should RACH type selection be performed for each retransmission?


Yes	No	N/A	6	18	1	



