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1. [bookmark: OLE_LINK58][bookmark: OLE_LINK57][bookmark: _GoBack]Introduction
[bookmark: OLE_LINK99][bookmark: OLE_LINK98]In RAN1#97 meeting, many agreements of 2-step RACH procedures have been achieved [1]:
	Agreements:
· MsgA shall support all the preamble formats specified for NR release 15.
Agreements:
[bookmark: _Hlk8850408]From RAN1 perspective, when re-transmitting MsgA, and if the MsgA PRACH is on a different spatial filter (beam) than the latest MsgA PRACH transmission, layer 1 notifies higher layer to suspend the power ramping counter of MsgA PRACH, 
· FFS: How to determine the retransmitted MsgA PUSCH Tx power.
Agreements:
RACH preamble power control parameters include; powerRampingStep and preambleReceivedTargetPower.
Agreements:
The proposals in 5.2.6 of R1-1907900 is agreed
[bookmark: _Hlk8932679]During MsgA PUSCH retransmissions, the MsgA PUSCH Tx power in transmission instance  is , where

·  is an offset relative to the preamble received target power that could be configured for 2-step RACH. If the offset parameter is absent, the parameter delta_preamble_msg3 of 4-step RACH is used.
· [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.
· 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.
· For the downlink pathloss estimate for MsgA PUSCH power control, the UE uses the same RS resource index as that used for the corresponding MsgA PRACH
· 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
 



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 power control and other related 2-step RACH procedure issues.
2. MsgA
2.1. Selection of 2-step vs. 4-step RACH
According to RAN2#106 agreements [2], FFS if radio quality is used for 2-step RACH selection. From RAN2 discussion, whether the radio quality is needed for 2-step RACH selection criterion should be decided in RAN1. 
	1. From RAN2 perspective, 2-step RACH selections can be based on indicating to all UEs via SIB, or dedicated configuration in RRC_CONNECTED/INACTIVE/IDLE states.  FFS if radio quality is used for 2-step RACH selection. 
2. From RAN2 perspective, for msgA retransmission (i.e. preamble and PUSCH) we assume that the UE retries on 2-step RACH.



So, based on the above, the issues that RAN1 should discuss and conclude is on the following questions:

· Is there any need for a specific radio quality criterion for selection of 2-step RACH?
· If the answer to the above question is yes, what should this radio quality criterion be?

For radio link quality related criterion:
· Such a criterion is needed to ensure that reliable detection of both the PRACH and the PUSCH payload can be possible
· Criteria such as RSRP threshold, ReceivedTargetPower threshold etc. fall under this category.
For the criterion of radio link quality, the radio quality requirement for PUSCH transmission may be different from the radio quality requirement for preamble, it is possible that the radio link quality can satisfy the preamble transmission but not the PUSCH transmission, and then the power offset between the PUSCH and preamble is used to compensate the performance difference. As the gNB can’t predict the possibility of the PUSCH collision, the transmission power compensation is determined mainly based on the case of no PUSCH collision, the PUSCH collision may slightly degrade the decoding performance of PUSCH, it seems that the criterion of radio link quality such as RSRP threshold, or ReceivedTargetPower threshold is useful to ensure that the 2-step RACH is used by the UEs in a region where the detection probability of PUSCH is sufficiently high. However, it should also be noted that even if the PUSCH payload is not detected/decoded successfully, the gNB can always use the fallback mechanism to schedule msg3 transmission.
However, even though fallback mechanism can eventually result in successful completion of RACH procedure, PUSCH resources reserved for 2-step RACH will still need to be dimensioned such that they can be used by any UE. This may require a slight over-dimensioning of PUSCH resources (to cater for the UEs that are at the cell edge). This may be not so efficient use of the 2-step RACH PUSCH resources. Thus, it may be necessary in some deployments (e.g. in cells that are large) to allow selection of 2-step RACH only when a radio quality threshold is satisfied.
Observation 1: In some deployment scenarios (e.g. large cells), a radio quality criterion may be useful to ensure efficient usage of the PUSCH resource for different RACH types.

Based on the above analysis, RAN1 should discuss and agree on a given radio quality threshold. There are two possible radio quality thresholds that can be possible: 
· RSRP based criterion
· TargetReceivedPower based criterion

Both the above criteria work in a similar way and ensure that only UEs within a given range (i.e. at a given distance from the gNB) can use the 2-step RACH resource. Hence, it is possible to choose either of these. However, given that an RSRP threshold is used for similar purpose in case of SUL, it is proposed to adopt a similar mechanism also for 2-step RACH. 

Proposal 1: An RSRP based threshold (similar to SUL) is signaled for 2-step RACH selection.

2.2. Performance of 2-step RACH Preamble
RAN2#106 meeting has agreed that: 
	3. FFS whether the UE can fallback to 4-step RACH after certain time.  Ask RAN1 whether the preamble transmission performance for 2-step RACH and 4-step RACH is the same. 



In general, from RAN1 perspective, the preamble performance between 2-step RACH and 4-step RACH can be the same, depending on the network configuration. It should be noted that the preamble performance would be impacted by the following factors, which are up to gNB configurations and hence can be configured to be the same between 2-step RACH and 4-step RACH.
· Preamble format. This is mainly for the separate RO case. If the same preamble format is configured for 2-step RACH and 4-step RACH, the preamble performance would be the same.
· Pool size of preamble. This is mainly for the shared RO case. If the number of preambles allocated for 2-step RACH and 4-step RACH are the same and if the load on these resources (i.e. the number of UEs using these resources at any given time) is also the same, then the collision probability on the preamble resource will be the same and hence the preamble performance can also be the same.
· Power control. Different power control parameter such as preambleReceivedTargetPower or powerRampingStep have impact on the preamble performance for the initial transmission and retransmission respectively. In RAN1#97 meeting, RAN1 has discussed five possible alternatives for preamble power control parameters, but no agreement has been achieved. Nevertheless, it is common sense for the case of shared RO that the same power control parameters shall be adopted for both 2-step RACH and 4-step RACH. Also for the case of separate ROs, the parameters can be configured to be the same.
If the same format and same power control parameter are used for different RA types, and the preamble resources between 2-step and 4-step are balanced, the performance of single-preamble transmission will be the same.
So, the following is proposed: 

Proposal 2: Reply to RAN2 LS (R1-1908002) that: 
“The preamble performance is influenced by several parameters as noted above. All these parameters are configurable by the network and if they are configured to be the same between 2-step RACH and the 4-step RACH, then the preamble performance will be the same between 2-step and 4-step RACH.” 

3.1. Relation of PRACH resources between 2-step and 4-step RACH
In RAN1#97 meeting, the agreement for the PRACH resources configuration to distinguish between the 2-step and 4-step RACH is: 
	· 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


The gNB could distinguish the RA types whether UE initiates from 2-step CBRA or 4-step CBRA based on the relation of PRACH resources between 2-step and 4-step RACH. 
For separate RO configuration, gNB could distinguish the RA types by the separate RO time/frequency resources. For the details of separate RO configuration, for example, the time/frequency resources of RO and the RO validation rules can follow the configuration principle of 4-step RACH RO. The 2-step RACH RO configuration can reuse the three tables of 6.3.3.2-2~4 in TS38.211, or rebuild new configuration tables or extend the three tables of 6.3.3.2-2~4. Indeed the rows of 6.3.3.2-2~4 are sufficient to satisfy the requirement of 2-step RACH RO time-domain resources configuration. 

The individual PRACH configuration index of 2-step can be different with that of 4-step RACH. But 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 3: For separate resources configuration (i.e. separate ROs for 2-step and 4-step RACH), the PRACH configuration tables could be reused.
· The individual PRACH configuration index of 2-step RACH can be different with that of 4-step RACH;
· The RACH format of 2-step RACH should be same with that of 4-step RACH.

For shared RO configuration, gNB could distinguish the RA types by different preamble index groups. For example, one group of preamble indices is for 2-step CBRA and the other group of preamble indices is for 4-step CBRA. 
In Rel-15 specification, the parameter totalNumberOfRA-Preambles confines the available preamble indices for traditional 4-step CBRA and CFRA are [0~totalNumberOfRA-Preambles-1], and 2-step RACH UE can use the [totalNumberOfRA-Preambles~63] preamble indices except the preambles used for other purposes (e.g. for SI request) if applied. 
[image: ]
Figure 1: The [totalNumberOfRA-Preambles~63] preamble indices for 2-step RACH
Another solution for the 2-step RACH preamble index configuration is to use the part of 4-step CFRA preamble indices. In Rel-15 specification, the parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB defines the SSB to RO mapping ration N and the R preambles for CBRA per SSB explicitly, and remain parts of preambles in one RO are for CFRA implicitly if other purpose preambles are not applied. As the actually used CFRA preamble for each UE is configured through UE specific signaling and not randomly selected by UE, part of CFRA preamble indices could be refarmed for 2-step RACH without any backward compatible problem. But some error cases of configuration should avoid, for example, if N=16, and R=3, there is only one preamble index for CFRA per block, it is difficult to share the 2-step preambles and 4-step CFRA preambles in such insufficient resources.
[image: ]
Figure 2: Part of 4-step CFRA preamble indices refarmed for 2-step RACH
It is reasonable to assume the SSB to RO mapping ration of 2-step is same with that of 4-step, as it is easy for gNB to use the same reception spatial filter to detect the 2-step and 4-step RACH preamble indices in the same RO simultaneously, especially in FR2.
For the impact to specification, the two solutions for allocating the RA preambles for 2-step RACH in the shared RO are almost the same. To allocate the RA preambles for 2-step RACH to each SSB, the two solutions both need one new IE (e.g. CB-PreamblePerSSB-2stepRACH) which will be introduced to indicate the number of preambles reserved for 2-step RACH for each SSB.



Figure 3 CB-PreamblePerSSB-2stepRACH IE for solution 1



Figure 4 CB-PreamblePerSSB-2stepRACH IE for solution 2

Proposal 4: For the shared RO but separate preambles for 2-step RACH and 4-step RACH, two following alternatives could be considered for preamble partitioning:
· 2-step RACH UE can use the [totalNumberOfRA-Preambles~63] preamble indices except the preambles used for other purposes; or,
· Part of 4-step CFRA preamble indices could be refarmed for 2-step RACH.

Proposal 5: SSB to RO mapping ratio of 2-step RACH should be same with that of 4-step RACH.

4. MsgB
4.1. 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.


4.2. 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 and the length of RAR window is extended.
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.
Furthermore, since the requirement on the space of RA-RNTI is also closely linked to the length of RAR window. It would be difficult to say whether the RA-RNTI space is enough or not before we have conclusion on the length of RAR window. If we assume that 20ms RAR window will be used in 2-step RACH (which is preferred in NR-U 4-step RACH), and the legacy formula will be used in RA-RNTI calculation, it is clear that the RA-RNTI space is not enough for 4-step and 2-step RACH. However, some enhancement can still be considered in the formula of RA-RNTI calculation to enable less RNTI space consumption but it need the input from RAN2.
As it is challenged that RNTI space is sufficient if the new RNTI is used and the length of RAR window is extended, the separate CORESET/SS for msgB should be considered for distinguishing msgB from legacy msg2.

Proposal 8: The separate CORESET/SS for msgB should be considered to distinguish msgB from legacy msg2.

4.3. 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



The agreement No.7 allows a single msgB can contain multiple successRARs for several UEs. When UE successfully receive its successRAR, the acknowledgment of the reception of successRAR should be reported back to gNB. This feedback may be contained in PUCCH. 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:

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 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 of different UEs. So the individual and disjoint PUCCH resources should be determined for all UEs whose successRARs are multiplexed in a single msgB.

Observation 2: In 2-step RACH, 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 9: 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 of msgB.
5. Power control of 2-step RACH
5.1. 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 10:  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 11: The preambleReceivedTargetPower for 2-step follows the same parameter of 4-step RACH.

5.2. 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 12: 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 13: There is no need to define the cell-specific MsgA PUSCH alpha for pathloss compensation.

5.3. 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 14: Separate ramp up for MsgA PUSCH and MsgA PRACH, with same counter is slightly preferable.

Proposal 15: For MsgA PUSCH power ramping, PUSCHpowerRamingStep could be used if configured, but if absent, MsgAPowerRampingStep is reused.

5.4. 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 16: UE should determine the msg3 power level based on the last msgA PUSCH transmission power in fallback mode.


5.5. Power control of msgA PUSCH after fallback mode
After the fallback mode, if the msgA need retransmission, how to determine the retransmission power?
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. 
In this case 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.


The RAN2 agreement doesn’t preclude the case of retransmission after fallback mode unless there would be further clarification or agreement in future.
Suppose suspension indication is False and no other factors prohibits 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 17: The retransmission power of msgA after fallback failure is based on the last msgA transmission power level. 
6. 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 18: 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 19: 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 20: 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.

7. Conclusions
The following proposals have been made:
Proposal 1: An RSRP based threshold (similar to SUL) is signaled for 2-step RACH selection.
Proposal 2: Reply to RAN2 LS (R1-1908002) that: 
“The preamble performance is influenced by several parameters as noted above. All these parameters are configurable by the network and if they are configured to be the same between 2-step RACH and the 4-step RACH, then the preamble performance will be the same between 2-step and 4-step RACH.” 
Proposal 3: For separate resources configuration (i.e. separate ROs for 2-step and 4-step RACH), the PRACH configuration tables could be reused.
· The individual PRACH configuration index of 2-step RACH can be different with that of 4-step RACH;
· The RACH format of 2-step RACH should be same with that of 4-step RACH.
Proposal 4: For the shared RO but separate preambles for 2-step RACH and 4-step RACH, two following alternatives could be considered for preamble partitioning:
· 2-step RACH UE can use the [totalNumberOfRA-Preambles~63] preamble indices except the preambles used for other purposes; or,
· Part of 4-step CFRA preamble indices could be refarmed for 2-step RACH.

Proposal 5: SSB to RO mapping ratio of 2-step RACH should be same with that of 4-step RACH.
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 CORESET/SS for msgB should be considered to distinguish msgB from legacy msg2.
Proposal 9: 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 of msgB.
Proposal 10:  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 11: The preambleReceivedTargetPower for 2-step follows the same parameter of 4-step RACH.
Proposal 12: 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 13: There is no need to define the cell-specific MsgA PUSCH alpha for pathloss compensation.
Proposal 14: Separate ramp up for MsgA PUSCH and MsgA PRACH, with same counter is slightly preferable.
Proposal 15: For MsgA PUSCH power ramping, PUSCHpowerRamingStep could be used if configured, but if absent, MsgAPowerRampingStep is reused.
Proposal 16: UE should determine the msg3 power level based on the last msgA PUSCH transmission power in fallback mode.
Proposal 17: The retransmission power of msgA after fallback failure is based on the last msgA transmission power level. 
Proposal 18: The same msgA beam selection criterion could be used for first transmission and retransmission.
Proposal 19: For MsgA Tx beam selection, the MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
Proposal 20: 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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