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1. [bookmark: OLE_LINK58][bookmark: OLE_LINK57][bookmark: _GoBack]Introduction
[bookmark: OLE_LINK99][bookmark: OLE_LINK98]In RAN1#98 meeting, many agreements of 2-step RACH procedures have been achieved [1]:
	Agreements:
· The offline agreement 5.2.1 in R1-1909726 is agreed

Agreements:
· Any performance difference of 2-step and 4-step preambles (e.g. probability of missed-detection) is influenced by parameters some of which are under the control of the network (which the gNB has the flexibility to make the same or different) such as the preamble format (if supported and allowed to be configured differently), number of configured preambles (pool size), number of users attempting random access (traffic loads) and when applicable, power control parameters (such as preambleReceivedTargetPower and powerRampingStep).
· This applies to shared ROs and separately configured ROs.
· Switching to 4-step RACH doesn’t just depend on MsgA PRACH performance, but on the impact of MsgA PUSCH on performance as well.
· Based on the above points, the preamble performance of 2-step RACH and 4-step can be different.
· RAN1 views that it can be beneficial to allow UE to switch to 4-step RACH.
Agreements:
· If a single RACH type is to be selected and when a UE is configured with 4-step RACH and 2-step RACH procedures, during random access procedure initialization:
· One criterion for determination of random access procedure type can be based on an SSB-based RSRP threshold.
· An SSB-based RSRP threshold can be optionally configured.
· If the threshold is configured, if and how the UE can decide on which RACH type to use when above the threshold. 
· FFS: Which SSB-based RSRP is used.
· This does not preclude any further criteria being defined by RAN1 and RAN2, including leaving the RACH type selection to UE implementation.
· It is up to RAN2 to decide whether a single RACH type is selected or both RACH types can be selected.
Agreements:
For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles:
· 2-step RACH preambles are allocated from the non-CBRA preambles associated with each SSB.
Agreements:
For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles:
· All 4-step RACH ROs can be shared with 2-step RACH.
· FFS: Whether only a subset of 4-step RACH ROs can be shared with 2-step RACH
· FFS: How to indicate the shared ROs.
Agreements:
· 2-step RACH at least reuses the 4-step RACH configuration tables (Table 6.3.3.2-2/3/4 of TS 38.211).
· FFS: Whether in case of 4-step RACH and 2-step RACH with separately configured ROs, additional PRACH configurations for 2-step RACH are needed.
· In case of 4-step RACH and 2-step RACH with separately configured ROs, the network can configure a separate prach-ConfigurationIndex for 2-step RACH
· If the prach-ConfigurationIndex for 2-step RACH is not configured, 2-step RACH reuses the corresponding 4-step RACH parameter.
· FFS: Whether the preamble formats of 2-step RACH and 4-step RACH are the same or different.

Agreements:
In case of 4-step RACH and 2-step RACH with separately configured ROs, for the frequency domain location of the PRACH occasions of 2-step RACH,
· Network can configure separate msg1-FDM and msg1-FrequencyStart for the 2-step RACH ROs
· If any of these parameters is not configured for 2-step RACH, 2-step RACH reuses the corresponding 4-step RACH parameter.
Agreements:
· The rules for a UE for invalidating 2-step RACH ROs follow the same rules that are used for the invalidation of 4-step RACH ROs as described in section 8.1 of TS 38.213.
· FFS: For separately configured 2-step RACH and 4-step RACH ROs, if 2-step RACH ROs overlap with 4-step RACH ROs in time and frequency,
· Option 1: the 2-step RACH ROs become invalid.
· Option 2: This is not expected by UE.
Other options are not precluded



In this contribution, we continue to discuss the related topics of 2-step RACH procedure. The main topics of 2-step RACH procedure consists of the remaining power control and other related 2-step RACH procedure issues.
2. MsgA
2.1. PRACH Configurations
In RAN1#98 meeting, there is a FFS issue “Whether the preamble formats of 2-step RACH and 4-step RACH are the same or different” which should be discussed in this meeting.
For separate ROs configuration for 2-step and 4-step RACH, the RACH format of 2-step RACH should be same with that of 4-step RACH because of the same scenario and cell layout for 2-step and 4-step. 

Proposal 1: For separate ROs configuration for 2-step and 4-step RACH, the RACH format of 2-step RACH should be same with that of 4-step RACH.

In RAN1#98 meeting, the issue of SSB to RO mapping is discussed and an offline proposal is showed as below:

	When the ROs are separately configured for 4-step RACH and 2-step RACH, the 2-step RACH ROs follow the same mechanism as 4-step RACH ROs for association with SSB.
· The number of SSBs-per-RO for 2-step RACH can be separately configured from that of 4-step RACH.
· If the number of SSBs-per-RO is not configured, the corresponding value from 4-step RACH is used.
· FFS: ssb-perRACH-OccasionAndCBPreamblesPerSSB.



We support to configure the parameters of ssb-perRACH-OccasionAndCBPreamblesPerSSB to indicate the mapping rule between SSB and RO, and the actual reserved CB preambles resource for 2-step RACH.
The parameter of CBPreamblesPerSSB for 2-step RACH can keep the backward compatibility if CFRA is introduced into 2-step RACH WID.
From RAN2’s discussion result, CFRA is very possible to be introduced into 2-step RACH.

	From RAN2 point of view, there is benefits to support 2-step CFRA for HO (dedicated preamble and dedicated PUSCH).  
2-step CFRA (dedicated preamble and dedicated PUSCH) can be an alternative RACH-less HO.  It is up to the plenary to decide how to handle this and whether we chose to do anything at all.



From RAN#85 meeting’s agreement on the revision of 2-step RACH WID, the CFRA is supported in the 2-step RACH WID.

	· Specify contention-free 2-step RACH procedure (dedicated preamble and dedicated PUSCH) for handover (RAN2).



So it is reasonable to use ssb-perRACH-OccasionAndCBPreamblesPerSSB for 2-step RACH in separate ROs case. 
Also in Rel-15, the ssb-perRACH-OccasionAndCBPreamblesPerSSB is a combination parameter to indicate the related parameters of SSB to RO mapping. It is natural to configure this combined parameter for 2-step RACH but not the individual parameter of ssb-perRACH-Occasion only. If the configuration is absent for 2-step RACH, the value of the parameters in Rel-15 can be reused.

Proposal 2: Configure the ssb-perRACH-OccasionAndCBPreamblesPerSSB for 2-step RACH in separate ROs case.

Whether some preamble generation parameters of 2-step RACH should be same with them of 4-step RACH, such as prach-RootSequenceIndex, zeroCorrelationZoneConfig, msg1-SubcarrierSpacing, restrictedSetConfig? It is not necessary to set the basic preamble generation parameters different values with 4-step RACH in the same scenario.

Proposal 3: 2-step RACH parameters (prach-RootSequenceIndex, zeroCorrelationZoneConfig, msg1-SubcarrierSpacing, restrictedSetConfig) should keep the same with them of 4-step RACH. 

For the other purpose preamble parameter totalNumberOfRA-Preambles, in 2-step RACH WID description, “All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH (this includes triggers for SI Request and BFR as agreed by RAN2)”, so the parameter should be valid for 2-step RACH and could be separately configured in separate RO case, if the configuration is absent, all 64 preambles are available for RA. And in shared RO case, it is not possible to set the different value 4-step RACH configuration.  

Proposal 4: 2-step RACH parameters (totalNumberOfRA-Preambles) could be separately configured in separate RO case, if the configuration is absent, all 64 preambles are available for RA.

For the parameter preambleTransMax, it could be separately configured, if the configuration is absent, the 4-step RACH configuration is reused.  

Proposal 5: 2-step RACH parameters (preambleTransMax) could be separately configured, if the configuration is absent, the 4-step RACH configuration could be reused;

3. MsgB
3.1. MsgB monitoring window
In RAN2#106 meeting, agreements of msgB monitoring window has been achieved:

	12. 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).
13. The UE will monitor for response message using the single msgB agreed window.



The starting of RAR window of legacy 4-step RACH could be reused for 2-step RACH, the 2-step RACH monitoring window should start at the first PDCCH opportunity（e.g.at least one symbol）after PUSCH payload of msgA. 

Proposal 6: The msgB monitoring window shall start at the first PDCCH opportunity (e.g.at least one symbol) after PUSCH payload of msgA.

Another question is regarding the size of msgB monitoring window and whether the window size needs to be extended. At least for the case of NR-U, it seems that RA response window for 4-step RACH will be extended. Given that we need to support NR-U for 2-step RACH, any mechanism that is specified to extended RAR window length as agreed under NR-U framework can be reused in 2-step RACH as well (at least for unlicensed spectrum case).

Proposal 7: The mechanism designed for NR-U to extend RAR window will be reused for 2-step RACH msgB monitoring window at least for unlicensed spectrum case too.


3.2. Differentiating between legacy RAR and msgB
In RAN2#106 meeting, one of the agreement is:
	14. MsgB containing the succcessRAR shall not be multiplexed with the legacy 4-step RACH RAR in the same MAC PDU



So how the legacy UEs are precluded from receiving the msgB containing the succcessRAR for 2-step RACH? Or how to distinguish msgB from legacy msg2? 
The following two options are discussed in RAN2, and RAN2 is expected the input from RAN1 discussions for the selection of:
Option 1: Separate CORESET/Search space for msgB
Option 2: New RNTI for msgB 

For separate RO, it is natural that new RNTI could be supported as the separate T/F resources for 2-step RACH occasions. For shared RO, the new RNTI can also be generated for the 2-step RACH preambles in certain RACH occasion. Then the question is that whether separate CORESET/SS is really needed. 
Our concern is whether the RNTI space is sufficient if the new RNTI is used.
For 4-step RACH RA-RNTI calculation, RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id, and the (RA-RNTI)max= 1+13+14*79+14*80*7+14*80*8*1 = 17920.
If the legacy formula will be used in new RNTI calculation for 2-step RACH, the total RNTI space for RACH will be doubled.
As it is challenged that RNTI space is sufficient if the new RNTI is used, the separate CORESET or SS for msgB should be considered for distinguishing msgB from legacy msg2.
Regarding the new CORESET design is more complex and time consuming for the standardization, separate search space for msgB is more flexible and easy to implement. 
The separate search space can be configured by the new type of search space signaling, for example, the type1A search space for 2-step RACH, and detail of type1A search space depends on the gNB implementation.
Compared with the above new type1A search space indication, an implicit search space indication for msgB can also be considered. The determination of msgB search space is based on the msg2/msg4 (type1) search space. A relative time offset between the msgB search space and the msg2/msg4 search space can be indicated to UE, and UE will calculate the msgB search space implicitly after the search space of msg2/msg4 is indicated. 
The relative time offset can be the slot level for example in the figure 1, the relative time offset between msg2 search space and msgB search space is 3 slots.
[image: ]
Figure 1 slot level relative time offset between msg2 search space and msgB search space
The relative time offset can also be the symbol level for example in the figure 2, the relative time offset between msg2 search space and msgB search space is 4 symbols.

[image: ]
Figure 2 symbol level relative time offset between msg2 search space and msgB search space

Except the starting positions of msg2 search space and msgB search space are different, other parameters such as MonitoringSlotPeriodicityAndOffset, Duration, MonitoringSymbolWithinSlot (if relative time offset is slot level) can be the same.

Proposal 8: The separate search space for msgB should be considered to distinguish msgB from legacy msg2.
Proposal 9: The relative time offset between the search space for msg2/4 and msgB could be configured to UE.


3.3. PUCCH resource for MsgB ACK feedback
In RAN2#106 meeting, some of the agreements of multiple UEs multiplexed in msgB and contents of msgB is achieved:
	7. For CCCH, for success or fallback RAR MsgB can multiplex messages for multiple UEs.  FFS if we can multiplex SRB RRC messages of multiple UEs.  
8. Network response to msgA (i.e. msgB/msg2) can include the following: 
a) SuccessRAR 
b) FallbackRAR
c) 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
9. The following fields can be included in the successRAR when CCCH message is included in msgA.
a) Contention resolution ID
b) C-RNTI
c) TA command



In RAN2#107 meeting, the need of HARQ feedback for msgB is confirmed.
	HARQ feedback for msgB would be needed from RAN2 point of view.



The agreement No.7 of RAN2#106 allows a single msgB can contain multiple successRARs for several UEs. 
For msgB only including the successRAR of one or more UEs, it is natural to feedback the successful reception of successRAR just like the msg4 feedback, the feedback will make the msgB transmission more efficient and save the overhead of msgB retransmission.
For msgB including the fallbackRAR only, if UE successfully receives its fallback indication, the next PUSCH transmission based on the UL grant in fallbackRAR will implicitly indicated the ACK of fallbackRAR.
For msgB including the successRAR with fallbackRAR and/or backoff indication, the msgB format design should guarantee the UEs can distinguish the successRAR, fallbackRAR and backoff indication in the MAC PDU structure, there is no obstacle for UEs to feedback the reception on successRARs.
UE should provide HARQ-ACK feedback for the reception of successRAR if msgB contains the successRAR addressed to this UE even if the msgB also contains other UEs’ successRAR or fallbackRAR or backoff indication.

Proposal 10: In 2-step RACH, UE should provide HARQ-ACK feedback for the successful reception of successRAR if msgB contains the successRAR addressed to the specific UE even if the msgB also contains other UEs’ successRAR or fallbackRAR or backoff indication.

When UE successfully receives its successRAR, the acknowledgment of the reception of successRAR should be reported back to gNB. This feedback should better be contained in PUCCH as Rel-15 has used common PUCCH for msg4 reception feedback. The PUCCH resources should be UE-specific so that gNB can distinguish the ACK from different UEs whose successRARs are multiplexed.
In Rel-15 RACH procedure, the UE transmits HARQ-ACK for the msg4 reception. Its PUCCH resource set is provided by pucch-ResourceCommon. UE determines the PUCCH resource in the resource set depending on the PUCCH resource indicator field (PRI) in the DCI for msg4, and the starting CCE index of the corresponding PDCCH. The calculation of PUCCH resource index follows the equation:

Where  ,  is a number of CCEs in a control resource set of a PDCCH reception conveying the DCI format 1_0 or DCI format 1_1,  is the index of a first CCE for the PDCCH reception, and  is a value of the PUCCH resource indicator field which has 3 bits in the DCI format 1_0 or DCI format 1_1.
The msg4 DCI also provides the slot timing information by parameter PDSCH-to-HARQ_feedback timing indicator.
As msg4 is for the specific UE, the PUCCH resource derived from the msg4 DCI is for specific UE and gNB will not confuse the PUCCH resources with that of other UEs.
But for msgB in 2-step RACH, it is possible that single msgB contains multiple successRARs for several UEs, from the related PUCCH resource indication in msgB DCI, the PUCCH resources for multiple UEs are overlapped and gNB can’t distinguish the PUCCHs resources of different UEs. So the individual and disjoint PUCCH resources should be determined for all UEs whose successRARs are multiplexed in a single msgB.

Proposal 11: The PUCCH resources to acknowledge the reception of successRARs in a single msgB should be UE-specific.

According to the RAN2 agreement No.8 and No.9, for the content of successRAR in msgB, the C-RNTI for UE is always included in successRAR in msgB when CCCH message is included in msgA. The C-RNTI is the unique identification for each UE and can help to determine the unique  for each UE. 
The value range of  is [0,…,7], and the range of  is [0,1], then the total range of  is [0,…,15]. The C-RNTI of each UE can help determine the unique  , for example, to randomize the  , just like: . If the C-RNTI of UEs are carefully configured, there is no PUCCH resource collision among UEs.

And in the other case that the original C-RNTI is carried in the msgA payload, the UE shall monitor the PDCCH addressed to C-RNTI for success response. The DCI is UE specific and the PUCCH resource for acknowledgment can be determined based on the traditional way in Rel-15 specification.

Proposal 12: In 2-step RACH, the PUCCH resources for UEs whose successRARs are multiplexed in a single msgB could be determined by the C-RNTI in successRARs in addition to the CCE information and DCI information of msgB.

[bookmark: _Hlk18487692]If UE fails decoding MsgB or UE can’t find the successRAR addressed to this UE, there is no way to determine the PUCCH resource to use as NACK feedback. And also NACK response will increase the uplink signaling overhead as there may be many searching occasions of msgB for one UE within monitor window. 
So, just like 4-step RACH in release 15, if a UE receives msgB and finds its contention resolution ID, it only feedbacks the ACK for msgB, if not, there is no message is sent back to the gNB.

Proposal 13: In 2-step RACH, HARQ-ACK response to the reception of successRARs in msgB should include ACK only.
4. Power control of 2-step RACH
4.1. Power control of msgA preamble
The topic on preamble power control is discussed in last RAN1 meeting and five options are listed for further conclusion [3]:
	Consider the following five options:
[bookmark: _Hlk8932422]Option 1:
· RACH preamble power control parameters include; powerRampingStep and preambleReceivedTargetPower.
· 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.
· For shared ROs between 2-step and 4-step RACH the same power control parameters are used.
Option 1a:
· RACH preamble power control parameters include; powerRampingStep and preambleReceivedTargetPower.
· The powerRampingStep can be separately configured for 2-step and 4-step RACH.
· If the powerRampingStep is not configured for 2-step RACH, the powerRampingStep of 4-step RACH is used instead for 2-step.
· FFS: The preambleReceivedTargetPower is the same or separately configured for 2-step and 4-step RACH.
· For shared ROs between 2-step and 4-step RACH the same power control parameters are used.
Option 2:
2. RACH preamble power control parameters include; powerRampingStep and preambleReceivedTargetPower.
3. The corresponding power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.
Option 3:
· RACH preamble power control parameters include; powerRampingStep and preambleReceivedTargetPower.
· For 2-step RACH, with shared ROs with 4-step RACH, the preamble power control PRACH parameters of 2-step RACH preambles should follow that of 4-step RACH preambles.
· For 2-step RACH, with separately configured ROs, the preamble 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.
[bookmark: _Hlk8932448]Option 3a:
· RACH preamble power control parameters include; powerRampingStep and preambleReceivedTargetPower.
· For 2-step RACH, with shared ROs with 4-step RACH, the preamble power control PRACH parameters of 2-step RACH preambles should follow that of 4-step RACH preambles.
· For 2-step RACH, with separately configured ROs, the powerRampingStep can be separately configured for 2-step and 4-step RACH. 
· If the powerRampingStep is not configured for 2-step RACH, the powerRampingStep of 4-step RACH is used instead for 2-step.
· FFS: The preambleReceivedTargetPower is the same or separately configured for 2-step and 4-step RACH



In Rel-15 RACH procedure, the transmission power of PRACH is determined by: 
· set PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP;
· 




 [dBm], is the PRACH target reception power PREAMBLE_RECEIVED_TARGET_POWER provided by higher layers [11, TS 38.321] for the active UL BWP  of carrier  of serving cell .
We can see the related PRACH power control parameters include:
· preambleReceivedTargetPower;
· DELTA_PREAMBLE which is configured from the table in chapter 7.3 of TS38.321，the parameter value depends on the selected preamble format and SCS;
· PREAMBLE_POWER_RAMPING_COUNTER;
· PREAMBLE_POWER_RAMPING_STEP
For preambleReceivedTargetPower, this parameter reflects the receiver sensitivity of preamble. It is obvious that the msg1 and msgA should use the same preamble format in the same cell layout. So regarding the performance of preamble of msg1 and msgA, there is no difference if the preamble formats are same. The preambleReceivedTargetPower of msgA preamble should follow that of 4-step RACH msg1 preamble. 
However, as 2-step RACH requires additional msgA PUSCH time domain resource overhead, the RO time domain density of the 2-step RACH may be sparse compared with that of the 4-step RACH. The speed of UE power ramping depends on power ramping step and ROs density. If the RO density is sparse, within the certain time for RACH failure, the power ramping may be too slow with the same step of 4-step RACH, and bring the failure when the timer expires. Then, it is necessary to configure msgA PRACH power ramping step separately to fit the ROs density. 
The separate configuration of power ramping step for msgA PRACH is applicable for the case of separately configured ROs. But for shared ROs, as the density of RO of 2-step is the same with 4-step, it is better to follow the configuration for 4-step RACH. 
Whether the configuration of powerRampingStep for 2-step is same with that of 4-step or not is an implementation issue, the specification can only keep the flexibility of configuration, and doesn’t need to specify that: “for shared ROs between 2-step and 4-step RACH, the same power control parameters are used.”

According to the discussion, it is recommended that:
· The powerRampingStep can be separately configured for 2-step and 4-step RACH.
· If the powerRampingStep is not configured for 2-step RACH, the powerRampingStep of 4-step RACH is used instead for 2-step.

Proposal 14:  The powerRampingStep can be separately configured for 2-step and 4-step RACH.
· If the powerRampingStep is not configured for 2-step RACH, the powerRampingStep of 4-step RACH is used instead for 2-step.

Proposal 15: The preambleReceivedTargetPower for 2-step follows the same parameter of 4-step RACH.

4.2. Power control of msgA PUSCH
There are several agreements related to PUSCH Tx power in RAN1#97 meeting.
For msgA PUSCH Transport format (ΔTF), the working assumption need confirmation in this meeting:
	· [Working Assumption] The power component from the transport format  is determined based on the same mechanism and the same parameter deltaMCS of Rel-15 Msg3 for the current transmission instance.


In Rel-15 specification, the ΔTF is defined as: 









 for  and  for  where  is provided by deltaMCS for each UL BWP  of each carrier  and serving cell . If the PUSCH transmission is over more than one layer [6, TS 38.214], .
As deltaMCS is a UE specific parameter in a specific BWP, if UE is in IDLE state, the parameter is not known by UE, and ΔTF always equal to 0 in this case. The concern for the working assumption is whether we need the deltaMCS to be the common parameter for UE in IDLE/inactive state. 
If the payload has the normal size of 56/72bits, ΔTF =0 doesn’t highly affect the performance of power control. If the payload is much larger than 56/72bits and random access is triggered in RRC_CONNECTED state, the deltaMCS is valid and known by UE and the ΔTF may be helpful to the PUSCH Tx power control. Anyway, it seems that the deltaMCS and ΔTF of Rel-15 Msg3 could be reused in 2-step RACH.

Proposal 16: Confirm the working assumption:
The power component from the transport format  is determined based on the same mechanism and the same parameter deltaMCS of Rel-15 Msg3 for the current transmission instance.

For pathloss compensation, there is a FFS issue left:
	· The power component from pathloss compensation, , is determined by an alpha parameter, which is UE specific that is configured for 2-step separate from that of 4-step RACH. If the 2-step RACH alpha parameter is absent, the parameter msg3-alpha of 4-step RACH is used.
· FFS: cell-specific MsgA PUSCH alpha.



The MsgA PUSCH alpha is UE specific and configured for 2-step RACH, it means the MsgA PUSCH alpha is valid only in RRC-Connected state. In case of IDLE/INACTIVE state, the 2-step RACH alpha parameter is regarded as absent, then the msg3-Alpha of 4-step is used, when provided. But msg3-Alpha is also a UE specific parameter in a specific BWP, if UE is in IDLE/INACTIVE state, the msg3-Alpha is not known by UE and the actual α = 1, it means full pathloss compensation is used in IDLE/INACTIVE state for 2-step UE. As Rel-15 msg3 may use the 1 as α in IDLE/INACTIVE state, the pathloss compensation coefficient for 2-step RACH can be the same as that of 4-step RACH in such states. There is no need to define the cell-specific MsgA PUSCH alpha for pathloss compensation.

Proposal 17: There is no need to define the cell-specific MsgA PUSCH alpha for pathloss compensation.

4.3. Power control of msgA retransmission
In last RAN1 meeting agreement, there are three alternatives for further down selection for the ramping of PUSCH in msgA when retransmission.
	· The power ramping component is given by;

· Where,  is the requested ramp up from higher layers
· Further study and down select from the following alternatives:
· Alt1: Same ramp up for MsgA PUSCH and MsgA PRACH
 
· FFS: same power ramping counters for 2-step RACH MsgA PRACH and 4-step RACH Msg1.
· Alt 2: Separate ramp up for MsgA PUSCH and MsgA PRACH, with different counters
 
· Alt3: Separate ramp up for MsgA PUSCH and MsgA PRACH, with the same counter
 



The key aspect for the three alternatives down selection is whether the suspension of power ramping counters for PRACH and PUSCH are synchronized when retransmitting MsgA. 
If the suspension of power ramping counters for PRACH and PUSCH are synchronized, the alt1 or alt3 is applicable and the MsgA PUSCH and MsgA PRACH use the same ramping counter, in other words, UE can maintain single ramping counter for MsgA PUSCH and MsgA PRACH. The difference between alt1 and alt3 is whether the PUSCHpowerRamingStep is separated from MsgAPowerRampingStep. 
If the suspension of power ramping counters for PRACH and PUSCH are NOT synchronized, for example, PRACH and PUSCH use same or different Tx spatial filter (beam) is up to UE implementation, the alt2 is applicable.
The reason or use case for configuring the different values for the PUSCHpowerRamingStep and MsgAPowerRampingStep still need carefully study. We can consider that PUSCHpowerRamingStep could be used if configured, but if absent, MsgAPowerRampingStep is reused for PUSCH. It means the PUSCHpowerRamingStep can fallback to the MsgAPowerRampingStep, and gNB keeps the flexibility on the configurations.
The principle of the down selection between the above three alternatives is based on the selection on suspension of power ramping counters for PRACH and PUSCH, and whether the power ramping steps are separated for PRACH and PUSCH. 
We support PRACH and PUSCH have the same Tx beams in one transmission, so the suspension of power ramping counters for PRACH and PUSCH can be assumed as synchronized and one counter is enough for both PRACH and PUSCH. 
While if there are any other factors may influence the PRACH and PUSCH Tx beams synchronization status, two separated counters for PRACH and PUSCH are also allowed.

Proposal 18: Separate ramp up for MsgA PUSCH and MsgA PRACH, with same counter is slightly preferable.

Proposal 19: For MsgA PUSCH power ramping, PUSCHpowerRamingStep could be used if configured, but if absent, MsgAPowerRampingStep is reused.

4.4. Power control of msg3 in fallback mode
When the UE sends the first msgA, the power is P_Preamble and P_PUSCH. At this time, if the network side detects a preamble but PUSCH decodes fails, and then gNB uses the fallbackRAR in msgB or msg2 to schedule the msg3 transmission which called fallback, how to determine the msg3 transmission power? 
For msg3 transmission power, in Rel-15, the TPC command is just a dynamic adjustment based on the previous msg1 power level following the equation of:


But for fallback mode, before the msg3 transmission, there is no msg1 transmission but only msgA transmission. The previous transmission power accumulation is based on msgA but not msg1. It is not reasonable for UE to determine the msg3 power level based on msg1 in this fallback mode. 
UE should determine the msg3 power level based on last msgA PUSCH transmission power in fallback mode. 

Proposal 20: UE should determine the msg3 power level based on the last msgA PUSCH transmission power in fallback mode.


4.5. Power control of msgA PUSCH after fallback mode
In RAN2#106 meeting, msgA retransmission is preferable as the RAN2 meeting agreement is:
	From RAN2 perspective, for msgA retransmission (i.e. preamble and PUSCH) we assume that the UE retries on 2-step RACH.



In RAN2#107 meeting, the UE behavior after fallback failure is agreed as: 
	No need to reexecute RA selection criteria upon fallback failure (i.e if reception of msg3 fails).  The UE re-transmits using msgA



When gNB uses the fallbackRAR in msgB or msg2 to schedule the msg3 transmission which called fallback, but unfortunately the fallback also fails due to some reasons such as contention resolution fails or msg3 fails, msgA will retransmit after the fallback failure. How to determine the msgA retransmission power?
Suppose suspension indication is False and no other factors prohibit the power ramping, what is the power of preamble and PUSCH retransmitted in msgA?
This example can be divided into two cases: 
Case 1: If the Contention Resolution failure is caused by the demodulation failure of the downlink msg4, or the UE can demodulate PDCCH/PDSCH but cannot find the matched Contention Resolution ID, the higher layer does not consider the whole RACH failure according to the counter or timing, so it will retransmit the msgA. Because suspension indicator is not TRUE, the retransmission power of msgA will be P_Preamble+stepofpreamble, P_PUSCH+stepofPUSCH.
Case 2: If the Contention Resolution fails because the gNB does not receive the msg3, then the gNB schedules the msg3 retransmission. The independent power control command in DCI 0-0 will increase the power of retransmitted msg3. The content of msg3 may be different from the PUSCH in the msgA. If the msg3 still fails, the UE may decide to go back to retransmit the msgA. Therefore, msgA will continue to increase the power. The question is the msgA PUSCH retransmission power is determined based on the last msg3 power level or the last msgA PUSCH power level just like the below figure?
[image: ]
Figure 5 Power control of msgA PUSCH after msg3 fails
As the content of msg3 may be different from the PUSCH in the msgA, the power level of last msg3 is not a good reference for msgA retransmission power. For simple processing, it is not necessary to consider last msg3 transmission power which controlled by the dynamic power control command when msgA PUSCH retransmits. The msgA PUSCH retransmission power could be based on the last msgA PUSCH power before fallback. In general, whatever the reasons for contention resolution failing in fallback mode, the retransmission power of msgA will be base on the last msgA transmission power level. The retransmission power of msgA could ramp a step based on the last msgA transmission power level.

Proposal 21: The retransmission power of msgA after fallback failure is based on the last msgA transmission power level. 
4.6. Power reduction rule
For UE in DC or CA, UE supports multiple uplink channels or signals from different CCs. If the total transmission power of UE is limited, power reduction of some lower priority channels or signals may be applied. The PRACH transmission in the PCell has the highest priority in Rel-15. For 2-step RACH, the msgA PRACH in the PCell is obviously has the same priority with the PRACH of Rel-15, but how about the msgA PUSCH?
The msgA PRACH and msgA PUSCH can be regarded as an integral whole. As the msgA PRACH and msgA PUSCH are multiplexed in TDM but not transmitted simultaneously, there is no reason to reduce the power of msgA PUSCH only if power reduction rule is applied. 
So just like the priority order in Rel-15, the priority order (in descending) of 2-step RACH can be list as:
-	Msg1 PRACH transmission on the PCell, or msgA transmission on the PCell
-	PUCCH transmission with HARQ-ACK information and/or SR or PUSCH transmission with HARQ-ACK information
-	PUCCH transmission with CSI or PUSCH transmission with CSI
-	PUSCH transmission without HARQ-ACK information or CSI
-	SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or msg1 PRACH transmission on a serving cell other than the PCell, or msgA transmission on a serving cell other than the PCell
Proposal 22: MsgA PRACH and MsgA PUSCH have the same power reduction priority as Msg1 PRACH.
5. MsgA Tx beams
In RAN1#96bis meeting, an agreement of msgA Tx beams is achieved [4]:
	Agreements:
For MsgA Tx beam selection further study at least the following options:
· 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.



The options discuss whether the PRACH and PUSCH of msgA should be the same or not.
It is not clear that the option selected would be applied for the first transmission and retransmission of msgA. From the description of the agreement, the msgA Tx beam selection doesn’t preclude the retransmission of msgA. This need confirmation.

Proposal 23: The same msgA beam selection criterion could be used for first transmission and retransmission.

For less gNB processing latency, option 1 is beneficial to avoid re-searching of the PUSCH Rx beam when msgA PRACH and msgA PUSCH use the same Tx spatial beam. So option 1 can be considered.

Proposal 24: For MsgA Tx beam selection, the MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).

When UE retransmits the msgA, the PRACH associated SSB may change when UE monitors the RSRP of SSB. Then the Tx beam of msgA may also change according to the beam correspondence. Whether UE performs UL beam switching during retransmissions of msgA PRACH and msgA PUSCH is up to UE implementation and which beam UE switches to is also up to UE implementation. The PRACH and PUSCH beam switching can be separately processed if the same Tx beam of msgA PRACH and msgA PUSCH is not mandatory.

Proposal 25: Whether UE performs UL beam switching during retransmissions of MsgA is up to UE implementation and which beam UE switches to is also up to UE implementation.

6. Conclusions
The following proposals have been made:
Proposal 1: For separate ROs configuration for 2-step and 4-step RACH, the RACH format of 2-step RACH should be same with that of 4-step RACH.
Proposal 2: Configure the ssb-perRACH-OccasionAndCBPreamblesPerSSB for 2-step RACH in separate ROs case.
Proposal 3: 2-step RACH parameters (prach-RootSequenceIndex, zeroCorrelationZoneConfig, msg1-SubcarrierSpacing, restrictedSetConfig) should keep the same with them of 4-step RACH. 
Proposal 4: 2-step RACH parameters (totalNumberOfRA-Preambles) could be separately configured in separate RO case, if the configuration is absent, all 64 preambles are available for RA.
Proposal 5: 2-step RACH parameters (preambleTransMax) could be separately configured, if the configuration is absent, the 4-step RACH configuration could be reused;
Proposal 6: The msgB monitoring window shall start at the first PDCCH opportunity (e.g.at least one symbol) after PUSCH payload of msgA.
Proposal 7: The mechanism designed for NR-U to extend RAR window will be reused for 2-step RACH msgB monitoring window at least for unlicensed spectrum case too.
Proposal 8: The separate search space for msgB should be considered to distinguish msgB from legacy msg2.
Proposal 9: The relative time offset between the search space for msg2/4 and msgB could be configured to UE.
Proposal 10: In 2-step RACH, UE should provide HARQ-ACK feedback for the successful reception of successRAR if msgB contains the successRAR addressed to the specific UE even if the msgB also contains other UEs’ successRAR or fallbackRAR or backoff indication.
Proposal 11: The PUCCH resources to acknowledge the reception of successRARs in a single msgB should be UE-specific.
Proposal 12: In 2-step RACH, the PUCCH resources for UEs whose successRARs are multiplexed in a single msgB could be determined by the C-RNTI in successRARs in addition to the CCE information and DCI information of msgB.
Proposal 13: In 2-step RACH, HARQ-ACK response to the reception of successRARs in msgB should include ACK only.
Proposal 14:  The powerRampingStep can be separately configured for 2-step and 4-step RACH.
· If the powerRampingStep is not configured for 2-step RACH, the powerRampingStep of 4-step RACH is used instead for 2-step.
Proposal 15: The preambleReceivedTargetPower for 2-step follows the same parameter of 4-step RACH.
Proposal 16: Confirm the working assumption:
The power component from the transport format  is determined based on the same mechanism and the same parameter deltaMCS of Rel-15 Msg3 for the current transmission instance.
Proposal 17: There is no need to define the cell-specific MsgA PUSCH alpha for pathloss compensation.
Proposal 18: Separate ramp up for MsgA PUSCH and MsgA PRACH, with same counter is slightly preferable.
Proposal 19: For MsgA PUSCH power ramping, PUSCHpowerRamingStep could be used if configured, but if absent, MsgAPowerRampingStep is reused.
Proposal 20: UE should determine the msg3 power level based on the last msgA PUSCH transmission power in fallback mode.
Proposal 21: The retransmission power of msgA after fallback failure is based on the last msgA transmission power level. 
Proposal 22: MsgA PRACH and MsgA PUSCH have the same power reduction priority as Msg1 PRACH.
Proposal 23: The same msgA beam selection criterion could be used for first transmission and retransmission.
Proposal 24: For MsgA Tx beam selection, the MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
Proposal 25: Whether UE performs UL beam switching during retransmissions of MsgA is up to UE implementation and which beam UE switches to is also up to UE implementation.
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