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1. Introduction
In this document, at first, we will discuss about the details of msgA such as selection rule between 2/4-step, RO sharing, availability of RAR, transform precoder, UCI and the power control with regard to preamble/PUSCH in case of initial/retransmission respectively. The next thing we will deal with is about search space for MsgB.
2. Discussion
2.1. msgA Transmission
Selection rule between 2-step / 4-step RACH procedure in UE side
In 2-step RACH procedure, since PUSCH is transmitted before UEs receive the response from gNB, detection probability of msgA PUSCH is not guaranteed by contrast with msg3 in 4-step RACH. In other words, cell coverage for 2-step RACH might be different from 4-step RACH and it must be smaller than 4-step RACH. If there is Rel.16 UE who support both 2-step and 4-step RACH procedure and it transmits msgA without any other consideration under bad channel condition, resources for retransmission are more required than 4-step RACH due to resources for msgA PUSCH transmission. Actually, by contrast 4-step RACH UE retransmit preamble only in that case. So, we think that a specific rule is necessary and then UEs should be allowed to decide whether they try 2-step RACH or not according to the rules. For example, we think that providing specific threshold for selection is one way and then UE is able to decide to 2-step RACH procedure if the channel quality (e.g. RSRP) criterion is satisfied. That is, if UEs always are allowed to transmit msgA under good channel condition that guarantees PUSCH decoding success, resource consumption can be reduced by reducing a probability of retransmission. In summary, UEs who are about to initiate 2-step RACH should decide whether they start 2-step RACH or 4-step RACH based on channel quality (e.g. RSRP) just as RSRP threshold of SSB is used for determining whether a candidate beam may be used.
Observation 1: 
· Before starting 2-step RACH procedure, a specific rule is necessary as below reason and then UEs should be allowed to decide whether they try 2-step RACH or not according to the rules.
· If UEs always are allowed to transmit msgA under good channel condition that guarantees PUSCH decoding success, resource consumption can be reduced by reducing a probability of retransmission.
· Providing specific threshold for selection is one way and then UE is able to decide to 2-step RACH procedure if the channel quality (e.g. RSRP) criterion is satisfied.
Proposal 1: 
· UEs who are about to initiate 2-step RACH should decide whether they start 2-step RACH or 4-step RACH based on channel quality (e.g. RSRP) just as RSRP threshold of SSB is used for determining whether a candidate beam may be used.

Sharing ROs between 2-step and 4-step RACH
In the previous RAN1# 96-bis meeting [1], the following was agreed: 
· 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
For a discussion of sharing RO between 2-step and 4-step RACH, in our view, we think that option 1 is supported by default and option 2 seems to require further discussion. Because, there might are some issues if RO for 2-step RACH is shared with 4-step RACH like as option2. Since RO is shared, 2-step RACH UE follows RACH configuration for 4-step RACH such as periodicity, preamble format, number of PRACH slots within a subframe and etc. In that case, even though UEs who are trying 2-step RACH is located close to gNB so that the related configuration parameter such as cyclic shift may be configured differently, they always follow configuration for 4-step RACH. Furthermore, there might be not available resource to transmit msgA PUSCH if the periodicity of RO is set on a short interval. So, in case of RO sharing between 2-step RACH and 4-step RACH, we think that option 1 should be considered by default and option 2 seems to require further discussion.
Observation 2: 
· There might be issues as follows if RO for 2-step RACH is shared with 4-step RACH (option 2)
· Even though UEs who are trying 2-step RACH is located close to gNB so that the related configuration parameter such as cyclic shift may be configured differently, they always follow configuration for 4-step RACH.
· If the periodicity of RO is set on a short interval, UEs who are trying 2-step RACH are not able to transmit msgA PUSCH due to lack of resources.
Proposal 2: 
· In terms of sharing ROs between 2-step and 4-step RACH:
· Option 1(separate ROs are configured for 2-step and 4-step RACH) should be considered by default. 
· Option 2 (Shared RO but separate preambles for 2-step and 4-step RACH) seems to require further discussion.

Necessity of RAR detection before reception of msgB
In the previous RAN2#105-bis meeting, start position of msgB reception widow is agreed as below:
· The start of the msgB reception window is after the PUSCH transmission opportunity of msgA.  Details are FFS for 2-step RACH and fallback.
There is one point of discussion considering the previous agreement. In 4-step RACH procedure, UE can perform msg1 ReTx after finishing RAR window if UE does not receive RAR with corresponding RAPID. Since the maximum size of RAR window is 10ms, we can think the maximum time duration for retransmission is about 10ms. On the other hand, for 2-step RACH, since msgB play a role as contention resolution (msg4) in 4-step RACH, maximum time duration of msgB monitoring timer (or window) also can be extended for 64ms. In that case, if UE can perform msgA ReTx after finishing msgB monitoring timer (or window) as shown figure 1, overall access time to gNB can be longer than 4-step RACH. 
Observation 3:
· In 2-step RACH, if UE perform msgA ReTx after finishing msgB monitoring timer (or window), the overall time for 2-step UE may be longer than that for 4-step UE.



Figure 1. The example of RACH procedure in time domain 
To resolve this problem, RAR can be one of some solutions if RAR is agreed to contain detection result of msgA preamble only or whole of msgA. In case of latter (whole of msgA), it is available if only the detection result in regard to hardware can be transmitted before. In that case, if UEs always expect to receive the information via RAR and they also try retransmit MsgA after RAR window, the time duration for retransmission will be reduced. 
Proposal 3:
· For msgA retransmission in 2-step RACH procedure, UE should monitor PDCCH for RAR. 
· After finishing RAR window, UE may operate msgA retrasnission if there is no information regarding the RAPID of the UE in RAR message.

Transform precoder for msgA PUSCH 
In the previous meeting [2], it was agreed that both DFT-s-OFDM and CP-OFDM are supported for the payload transmission in msgA. So, we have to discuss about how to configure it. For 4-step RACH procedure, there are two types of parameters to indicate what transformer precoder for PUSCH is used in 4-step RACH. The one thing is UL common configuration such as random-access parameter (e.g. msg3-transformPrecoder) and the other is UL dedicated configuration such as UE specific PUSCH parameter (e.g. transformPrecoder). In view of that, we think that UL common configuration is needed for transmission of msgA PUSCH since msgA PUSCH tends to have characteristics of msg3. On top of that, we also should discuss whether existing random-access parameter is also used for msgA PUSCH or not. In our understanding, since 2-step RACH normally is expected to be used for UEs who are located in the close proximity of gNB, separate configuration should be supported. In summary, to indicate transform precoder for msgA PUSCH, we think that separate configuration should be configured and then if the configuration is absent, existing random-access parameter for 4-step RACH can be used for msgA PUSCH. 
Observation 4:
· There are two types of parameters to indicate what transformer precoder for PUSCH is used in 4-step RACH. 
· UL common configuration such as random-access parameter. 
· UL dedicated configuration such as UE specific PUSCH parameter.
· UL common configuration is needed for transmission of msgA PUSCH since msgA PUSCH tends to have characteristics of msg3.
· Since 2-step RACH normally is expected to be used for UEs who are located in the close proximity of gNB, separate configuration should be supported.
Proposal 4:
· To indicate transform precoder for msgA PUSCH, separate configuration should be configured and then if the configuration is absent, existing random-access parameter for 4-step RACH can be applied for msgA PUSCH.

Mechanisms to support multiple PUSCH configuration
For flexible usage of resources, supporting multiple msgA PUSCH configuration has been considered and it could use a relatively high MCS and put more information in the PUSCH. In view of that, since UEs can decide for itself how to set the parameters which are related with transmission of msgA PUSCH, some mechanisms such as UCI and RAPID are suggested to inform gNB how to decode msgA PUSCH. In fact, allocating the information related with PUSCH to UCI might be profitable when the number of supported MCS or TBS for 2-step RACH is relatively large. However, there can be latency due to processing delay from gNB to decode some resources which is embedded UCI on msgA PUSCH. On the other hand, Associating RAPID with information about msgA PUSCH has the benefit from that gNB can obtain information directly after detecting preamble, but it cannot afford to convey the amount of information that can be transmitted using UCI. However, something like the number of supported payload size, MCS and TBS have not been agreed at this time. So, in our view, this subject should be discussed after decision on how many types of PUSCH configuration are supported.
Observation 5: 
· Since UEs can decide for itself how to set the parameters which are related with transmission of msgA PUSCH, some mechanisms such as UCI and RAPID are suggested to inform gNB how to decode msgA PUSCH.
· Something like the number of supported payload size, MCS and TBS have not been agreed at this time.
Proposal 5: 
· Whether to use UCI or RAPID for conveying the information about decoding of PUSCH should be discussed after decision on how many types of PUSCH configuration are supported.

msgA Tx beam selection
From the perspective of transmission of msgA preamble and msgA PUSCH, there is another issue and it is related with beam selection between both of them. For that, all available options are discussed and they are listed as below in the last previous meeting [1]:
· Option 1: The msgA PRACH and msgA PUSCH use the same Tx spatial filter (beam).
· Option 2: The msgA PRACH and msgA PUSCH use same or different Tx spatial filter (beam) up to UE implementation.
· No spec impact expected.
· Note: in 4-step RACH it is up to UE implementation to decide the beams for Msg1 and Msg3.
· Option 3: The msgA PRACH and msgA PUSCH use same or different Tx spatial filter (beam) under network control/assistance.
If time gap between msgA preamble and PUSCH is short, there is no reason that UEs change their beam for each transmission. However, if the time gap is long so that channel can be changed, using same TX spatial filter for both msgA preamble PUSCH may not be the best. As a result, our view, at least based on the information, Option 2 should be allowed for msgA PUSCH transmission.
Observation 6: 
· If the time gap between msgA preamble and PUSCH is long so that channel can be changed, using same TX spatial filter for both of them may not be the best.
Proposal 6: 
· For beam selection between msgA preamble and msgA PUSCH, Option 2 (The msgA PRACH and msgA PUSCH use same or different Tx spatial filter (beam) up to UE implementation) should be applied for 2-step RACH.

2.2. Power control for msgA
Preamble (initial)
At the RAN1#96-bis meeting, following two options are agreed for 2-step RACH preamble power control.
· Option 1: Power control parameters can be separately configured for 2-step and 4-step RACH.
· If a power control parameter is not configured for 2-step RACH, the corresponding power control parameter of 4-step RACH is used instead for 2-step.
· Option 2: The corresponding power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.
In this chapter, we introduce specific reason why do we support separated configuration for 2-step RACH. In fact, if same target received power is applied to 2-step RACH preamble comparing with Msg1, the detection probability of preamble might be equal even though more power and time/frequency resource are spent for msgA. In that case, not only UE power consumption should be increased but also overall time for RACH procedure could be increased when gNB does not success to detect PRACH preamble in msgA. As a result, there is no reason to use 2-step RACH at both gNB and UE. In other words, both of them cannot enjoy the benefit of 2-step RACH. To resolve this problem, we may consider an example that higher initial transmission power for PRACH preamble in msgA is at least set than that of Msg1. That is, in our view, configuring independent configuration which is related with transmission for preamble in msgA is necessary.
Observation 7: 
· If same target received power is applied to 2-step RACH preamble comparing with Msg1, the detection probability of preamble might be equal even though more power and time/frequency resource are spent for msgA.
· In order for gNB and UE to enjoy the benefit of 2-step RACH, the detection success probability of initial PRACH preamble transmission should be enough higher.
Proposal 7:
· Configuring independent configuration which is related with transmission for preamble in msgA is necessary.
· Higher initial transmission power for PRACH preamble in msgA can be set than that of msg1.

PUSCH (initial)

 
In 4-step RACH procedure, the Msg3 transmission power is derived from the above equation. The first parameter ‘’ is set to target received power () and Msg3-delta preamble () when PUSCH transmission is scheduled by a RAR UL grant. On the other hand, since msgA PUSCH is transmitted before receiving the feedback from the gNB, here prior power control for Msg3 could not be suitable to apply for msgA PUSCH. Because of that, in this chapter, we will discuss about all parameters which is dealt in previous meeting [1]. This all parameters are composed of things such as offset value which is related with preamble, value for transport format (), path loss compensation factor () and PUSCH power control adjustment state (f). For a discussion, several available options are decided for each parameters. In this chapter, we will take a closer look at each of them based on listed options.
In case of offset value for preamble, following options are agreed:
· Option 1.1: Offset configured for 2-step RACH: 
· Option 1.2: Offset is the release 15 delta_preamble_msg3
· Option 1.3: Offset is the release 15 delta_preamble_msg3 + configurable delta
Before we discuss about it, it is necessary to clarify which value is relative to the offset. In this time, as we stated above, there is the possibility that separate power control for msgA preamble is configured. From this aspect, preamblereceivedtargetpower () should be turned into 2-step RACH such as 2steppreamblereceivedtargetpower (). In that case, using offset with delta_preamble_msg3 (both option 1.2 and option 1.3) seems unnecessary and it makes no sense because the object itself is changed. In summary, based on above information, we think that nominal PUSCH should be transformed into .
Secondly, for the value of msgA PUSCH transport format (), following options are listed:
· Option 2.1: deltaMCS configured for 2-step separate from 4-step
· Option 2.2: reuse deltaMCS of 4-step RACH
For flexibility, supporting multiple PUSCH configuration such as various time/frequency resources and MCS is considered in this time. By default, deltaMCS indicates whether to apply delta MCS and it is cell specific parameter given by RRC, in our view, if RAN1 agree to configure deltaMCS for 2-step separate from 4-step RACH, it just causes signaling overhead even though there is no additional profit from the separated configuration. So, deltaMCS of 4-step RACH should be reused for 2-step RACH.
Thirdly, there is discussion about pathloss compensation factor (). Following options are agreed:
· Option 4.1: Full pathloss compensation (α = 1)
· Option 4.2: Partial pathloss compensation alpha configured for 2-step separate from that of 4-step RACH.
· Option 4.3: Partial pathloss compensation using msg3-alpha.
Actually, since the gNB is not able to estimate location of UEs except for connected UE and it also can not send the related information to each UE, full pathloss compensation (=1) should be applied for 2-step RACH. 
The last thing we’ll see is PUSCH power control adjustment state (f). Actually, it is composed of TPC command value and total power ramp-up requested by higher layers. In case of TPC command, since open loop power control is applied for msgA transmission, it is no longer needed anymore. However, in the case of total power ramp-up, all available options are agreed as shown below:
· Option 6.1: from the first to the current msgA PUSCH transmission.
· Option 6.2: from the first to the latest random access msgA preamble transmission.
In our view, msgA preamble and msgA PUSCH might have different detection or collision probability. For example, even if multiple UEs transmit preamble at that time, PUSCH resources might be individually allocated. So, configuring independent ramping step size (option 6.1) is reasonable for preamble/PUSCH in MsgA. Further discussion on power control for retransmission will be dealt in the next chapter and the above contents are summarized as below:
Observation 8: 
· Followings are observed for determination of the PUSCH Tx power:
· For offset value for preamble, since there is the possibility that separate power control for msgA preamble is configured, using offset with delta_preamble_msg3 (both option 1.2 and option 1.3) seems unnecessary because object itself is changed.
· For the value of msgA PUSCH transport format (), if RAN1 agree to configure deltaMCS for 2-step separate from 4-step RACH, it just causes signaling overhead even though there is no additional profit from the separated configuration.
· For the pathloss compensation factor (), since the gNB is not able to estimate location of UEs except for connected UE and gNB also cannot send the related information to each UE.
· msgA preamble and msgA PUSCH might have different detection or collision probability when multiple UEs transmit preamble at that time
Proposal 8:
· Follows are our proposal for msgA PUSCH Tx power.
· For offset value for preamble, Offset configured for 2-step RACH (option 1.1) should be adopted and nominal PUSCH should be transformed into .
· For the value of msgA PUSCH transport format (), reusing deltaMCS of 4-step RACH (option 2.2) should be adopted.
· For pathloss compensation factor (), Full pathloss compensation (option 4.1) should be adopted.
· Apart from preamble, RAN 1 should consider configuring separate ramping step size for PUSCH.

Preamble/PUSCH (Retransmission)
We also have to deal with retransmission power control mechanism such as step size and counter. In case of ramping step size for preamble, since many resources such as frequency/time and power are required for re/transmit msgA, it seems that setting the larger ramping step size than Msg1 might be necessary to make UE to fast access to gNB. So, as we mentioned above, configuring independent configuration of power control for msgA preamble is necessary. In addition, retransmission seems to be burden for UE and it also causes inefficient usage of resources. In our view, at least based on the information, it is necessary to introduce separate counter, apart from counter for 4-step RACH. In addition, to provide against expiration of counter for retransmission of msgA, UE who is trying 2-step RACH will fall back to 4-step RACH and then the counter for Msg1 transmission can be same or increased.
Observation 9: 
· Since many resources such as frequency/time and power are required for re/transmit msgA, it seems that setting the larger ramping step size than Msg1 might be necessary to make UE to fast access to gNB.
· Retransmission itself seems to be burden for UE and it is necessary to introduce separate counter, apart from counter for 4-step RACH.
Proposal 9:
· After expiration of 2-step RACH retransmission counter, UE who is trying 2-step RACH will fall back to 4-step RACH and then the counter for Msg1 transmission can be same or increased.

2.3. msgB Reception
Search space for msgB
In 4-step RACH, type 1-PDCCH is used to carry msg2 and msg4 and the search space can be explicitly configured by ra-SearchSpace in PDCCH-ConfigCommon. In view of this, RAN1 should discuss about whether to use the same search space for msgB. In our view, configuring different search space causes wasted resources if different RNTI is scrambled with type 1-PDDCH for msgB. As a result, we think that search space for msgB should be basically same as search space for msg2 or msg4. 
Observation 10: 
· Configuring different search space between 2-step and 4-step RACH causes wasted resources if different RNTI is scrambled with type 1-PDDCH for msgB.
Proposal 10:
· Search space for msgB should be basically same as search space for msg2 or msg4.

Conclusion
In this contribution, we overview issues related with about the details of msgA such as selection rule between 2/4-step, RO sharing, availability of RAR, transform precoder, UCI and the power control with regard to preamble/PUSCH in case of initial/retransmission respectively. As a conclusion of the discussion, we summarize our views as follows:
Observation 1: 
· Before starting 2-step RACH procedure, a specific rule is necessary as below reason and then UEs should be allowed to decide whether they try 2-step RACH or not according to the rules.
· If UEs always are allowed to transmit msgA under good channel condition that guarantees PUSCH decoding success, resource consumption can be reduced by reducing a probability of retransmission.
· Providing specific threshold for selection is one way and then UE is able to decide to 2-step RACH procedure if the channel quality (e.g. RSRP) criterion is satisfied.
Proposal 1: 
· UEs who are about to initiate 2-step RACH should decide whether they start 2-step RACH or 4-step RACH based on channel quality (e.g. RSRP) just as RSRP threshold of SSB is used for determining whether a candidate beam may be used.
Observation 2: 
· There might be issues as follows if RO for 2-step RACH is shared with 4-step RACH (option 2)
· Even though UEs who are trying 2-step RACH is located close to gNB so that the related configuration parameter such as cyclic shift may be configured differently, they always follow configuration for 4-step RACH.
· If the periodicity of RO is set on a short interval, UEs who are trying 2-step RACH are not able to transmit msgA PUSCH due to lack of resources.
Proposal 2: 
· In terms of sharing ROs between 2-step and 4-step RACH:
· Option 1(separate ROs are configured for 2-step and 4-step RACH) should be considered by default. 
· Option 2 (Shared RO but separate preambles for 2-step and 4-step RACH) seems to require further discussion.
Observation 3:
· In 2-step RACH, if UE perform msgA ReTx after finishing msgB monitoring timer (or window), the overall time for 2-step UE may be longer than that for 4-step UE.
Proposal 3:
· For msgA retransmission in 2-step RACH procedure, UE should monitor PDCCH for RAR. 
· After finishing RAR window, UE may operate msgA retrasnission if there is no information regarding the RAPID of the UE in RAR message.
Observation 4:
· There are two types of parameters to indicate what transformer precoder for PUSCH is used in 4-step RACH. 
· UL common configuration such as random-access parameter. 
· UL dedicated configuration such as UE specific PUSCH parameter.
· UL common configuration is needed for transmission of msgA PUSCH since msgA PUSCH tends to have characteristics of msg3.
· Since 2-step RACH normally is expected to be used for UEs who are located in the close proximity of gNB, separate configuration should be supported.
Proposal 4:
· [bookmark: _GoBack]To indicate transform precoder for msgA PUSCH, separate configuration should be configured and then if the configuration is absent, existing random-access parameter for 4-step RACH can be applied for msgA PUSCH.
Observation 5: 
· Since UEs can decide for itself how to set the parameters which are related with transmission of msgA PUSCH, some mechanisms such as UCI and RAPID are suggested to inform gNB how to decode msgA PUSCH.
· Something like the number of supported payload size, MCS and TBS have not been agreed at this time.
Proposal 5: 
· Whether to use UCI or RAPID for conveying the information about decoding of PUSCH should be discussed after decision on how many types of PUSCH configuration are supported.
Observation 6: 
· If the time gap between msgA preamble and PUSCH is long so that channel can be changed, using same TX spatial filter for both of them may not be the best.
Proposal 6: 
· For beam selection between msgA preamble and msgA PUSCH, Option 2 (The msgA PRACH and msgA PUSCH use same or different Tx spatial filter (beam) up to UE implementation) should be applied for 2-step RACH.
Observation 7: 
· If same target received power is applied to 2-step RACH preamble comparing with Msg1, the detection probability of preamble might be equal even though more power and time/frequency resource are spent for msgA.
· In order for gNB and UE to enjoy the benefit of 2-step RACH, the detection success probability of initial PRACH preamble transmission should be enough higher.
Proposal 7:
· Configuring independent configuration which is related with transmission for preamble in msgA is necessary.
· Higher initial transmission power for PRACH preamble in msgA can be set than that of msg1.
Observation 8: 
· Followings are observed for determination of the PUSCH Tx power:
· For offset value for preamble, since there is the possibility that separate power control for msgA preamble is configured, using offset with delta_preamble_msg3 (both option 1.2 and option 1.3) seems unnecessary because object itself is changed.
· For the value of msgA PUSCH transport format (), if RAN1 agree to configure deltaMCS for 2-step separate from 4-step RACH, it just causes signaling overhead even though there is no additional profit from the separated configuration.
· For the pathloss compensation factor (), since the gNB is not able to estimate location of UEs except for connected UE and gNB also cannot send the related information to each UE.
· msgA preamble and msgA PUSCH might have different detection or collision probability when multiple UEs transmit preamble at that time
Proposal 8:
· Follows are our proposal for msgA PUSCH Tx power.
· For offset value for preamble, Offset configured for 2-step RACH (option 1.1) should be adopted and nominal PUSCH should be transformed into .
· For the value of msgA PUSCH transport format (), reusing deltaMCS of 4-step RACH (option 2.2) should be adopted.
· For pathloss compensation factor (), Full pathloss compensation (option 4.1) should be adopted.
· Apart from preamble, RAN 1 should consider configuring separate ramping step size for PUSCH.
Observation 9: 
· Since many resources such as frequency/time and power are required for re/transmit msgA, it seems that setting the larger ramping step size than Msg1 might be necessary to make UE to fast access to gNB.
· Retransmission itself seems to be burden for UE and it is necessary to introduce separate counter, apart from counter for 4-step RACH.
Proposal 9:
· After expiration of 2-step RACH retransmission counter, UE who is trying 2-step RACH will fall back to 4-step RACH and then the counter for Msg1 transmission can be same or increased.
Observation 10: 
· Configuring different search space between 2-step and 4-step RACH causes wasted resources if different RNTI is scrambled with type 1-PDDCH for msgB.
Proposal 10:
· Search space for msgB should be basically same as search space for msg2 or msg4.
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