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At RAN #84 meeting, the scope and objectives of two-step RACH WI [1] were confirmed for NR Rel-16. The agreements and open issues for RAN1 and RAN2 (up to June 2019) were summarized in [2]. In particular, the following agreements were made on the procedures for two-step RACH [2-5]:

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

Agreements:
The beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH
· FFS beam association for PUSCH

Agreements:
For 2-step RACH preamble power control parameter configuration, further study and down select from the following options:
· 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.

Agreements:
[bookmark: _Hlk5855601]For the determination of the PUSCH Tx power, further study at least the following components including possible down selection:
· An offset relative to the preamble received target power
· Option 1: Offset configured for 2-step RACH
· Option 2: Offset is the release 15 delta_preamble_msg3
· Option 3: Offset is the release 15 delta_preamble_msg3 + configurable delta
· An offset relative to the MsgA PRACH Tx power for the MsgA PUSCH Tx power configured for 2-step RACH.
· Transmission bandwidth of MsgA PUSCH
· MsgA PUSCH Transport format (ΔTF). Further study the following options for further down selection
· Option 1: deltaMCS configured for 2-step separate from 4-step
· Option 2: reuse deltaMCS of 4-step RACH
· Preamble received target power.
· Pathloss. Further study the following options for further down selection
· Option 1: Full pathloss compensation (α = 1)
· Option 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.
· RS resource index for pathloss estimation.
· Total power ramp-up requested by higher layers for MsgA PUSCH Tx:
· Option 1: from the first to the current MsgA PUSCH transmission (Prampuprequested).
· Option 2: from the first to the latest random access MsgA preamble transmission (Prampuprequested).
· Power reduction priority rule in CA/DC

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:
· 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.
· MsgA retransmission, if supported, is defined as a retransmission of MsgA PRACH (with a re-selection of preamble) and MsgA PUSCH. Further study at the following options:
· Option 1: Using the same payload for MsgA PUSCH.
· Option 2: MsgA PUSCH payload can be different.
· FFS: Conditions for MsgA retransmission and relation to fall back.
· FFS: retransmission of PUSCH only.
· FFS: retransmission of PRACH only.

In this contribution, we will discuss the remaining issues on two-step RACH related procedures. The channel structure and design considerations for msgA and msgB are discussed in a companion paper [6].


2. 	Overview of Two-Step RACH Procedure
Table 1 lists the physical signals/channels used by msgA and msgB, as well as the contents of each message type. Figure 1 shows an example of contention-based two-step RACH transmission. 
· Before starting two-step RACH, UE receives and processes SSB/SIB/RS from the serving gNB.
· The configuration information for two-step RACH is carried by system information (SI). 
· For RRC_CONNECTED UE, the configuration information can also be carried by RRC signalling.
· Based on the configuration information for two-step RACH as well as the contents of msgA, UE will select a RACH occasion (RO) and a set of PUSCH resource units (PRU) to transmit the preamble and payload of msgA. 
· When frequency hopping or slot repetition is enabled for PUSCH, msgA payload can be transmitted on more than one PRUs, which are disjoint in time/frequency.
· To record the number of two-step RACH re-attempts, a counter for msgA retransmissions can be configured on UE side. The maximum value of this counter is configured by the network.
· After receiving msgA, gNB will process the preamble first.
· If the msgA preamble can be successfully detected, gNB will continue processing the payload of msgA. After that, a msgB will be transmitted to the UE within the RAR window. The contents of msgB depend on the outcome of msgA processing as well as the RRC state.
· If the payload of msgA can be successfully decoded, msgB will include at least the contention resolution information (e.g. a unique UE identifier) and the timing advance command (TAC).
· If the payload of msgA cannot be decoded, msgB will include at least the RAPID, the TAC and the UL grant for retransmitting the payload of msgA.
· If UE can successfully decode the RAPID and UL grant, it will fall-back to msg3 transmission in four-step RACH procedure, by re-transmitting the payload part of msgA on the granted resources.
· If the msgA preamble fails to be detected, gNB will transmit nothing or a backoff indicator (BI) to the two-step RACH UE(s). 
· After msgA is transmitted, a RAR window will be configured on UE side, which starts after the competition of msgA payload transmission. The procedures of UE after msgA transmission will depend on the outcome of msgB reception.
· Before the RAR window expires, UE will monitor msgB and try to decode it. 
· If UE can decode msgB, and detect the TAC as well as the contention resolution ID, it will adjust the UL timing and transmit an ACK to gNB. The two-step RACH procedure is considered complete with success after gNB receives the ACK from UE.
· If UE can decode msgB, and detect the TAC, RAPID and RAR grant, it will fallback to msg3 transmssion of four-step RACH, by adjusting the UL timing and retransmitting its msgA payload on the granted resources.
· When the RAR window expires, and UE has not detected its contention resolution information and TAC:
· if the counter of msgA re-transmission is less than the maximum value, UE will re-transmit its msgA preamble and payload, which is considered as a re-attempt of two-step RACH procedure;
· if the counter of msgA re-transmissions has reached its maximum, the two-step RACH procedure is considered as ended with failure. 

Therefore, we have the following observation:
Observation:  In order to operate two-step RACH in all RRC states and all cell sizes supported by NR Rel-15, the following design objectives should be satisfied:
· msgA transmission should support configurable waveform, MCS and TBS, wherein the payload can carry the equivalent content of msg3 in four-step RACH, UP data, MAC CE and piggybacked UCI;
· msgB should enable the completion of two-step RACH procedure when both preamble and payload of msgA are correctly detected, or enable re-transmission of payload on granted resources if msgA preamble detection is successful but msgA payload decoding fails. 


Table 1: Physical Signals and Channels Employed by Two-Step RACH
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Figure 1:  Example of Two-Step RACH Procedure

3. 	RO and PO Design for msgA
The resource allocation for msgA should be configurable, which is able to support different preamble formats (long and short PRACH preamble sequences), different payload size (a few bytes to a few hundred bytes) and configurable MCS [6].
3.1   RO Configurations for msgA Preamble
Similar to msg1 transmission in four-step RACH, the pool of preamble sequences can be partitioned into mutually exclusive subsets, and each subset can be associated with one or multiple PUSCH occasions (PO) of msgA. 
[bookmark: _Hlk4697247]In NR Rel-15, the RACH occasion (RO) of msg1 is associated with a suitable SSB beam. In two-step RACH, the transmission of msgA preamble can re-use the beam association rule of four-step RACH]. Both separate and shared RO can be configured for two-step RACH. When a RO is shared between two-step RACH and four-step RACH, the pool of PRACH preambles can be partitioned into mutually exclusive subsets, which are used by different RACH type (two step RACH or four-step RACH). 

3.2   PO Configuration for msgA Payload
Due to the bursty traffic pattern and the nature of contention-based random access, it is inefficient to dedicate one PO to a single UE. To improve the spectral efficiency, one PO can be shared by UEs with similar payload size, MCS and waveform. To accommodate different payload size, MCS and waveform, multiple POs can be configured within a RO period, which can be grouped into DMRS/PUSCH resource set with distinctive configurations in payload size/MCS/waveform.
Feasible choices of MCS and PO size for msgA payload transmission should be specified for each RRC state, based on the use cases of two-step RACH and the deployment supported by NR Rel-15. A discussion on the resource size of PO and the coverage considerations of msgA can be found in our companion paper on channel structure [6].  
Based on the CIoT traffic model, Figure 2 shows the statistical distribution of packet arrives for different cell size and deployment density, which can be considered as a reference for resource allocation of PO:
(a) ISD=1.732 km, device deployment density=106 devices/km2;
(b) ISD=25 km, device deployment density=5×103 devices/km2.
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Figure 2:  Number of Packet Arrivals for Different Cell Size and Device Deployment Density

3.3   RO to PO Mapping
For shared RO between two-step RACH and four-step RACH, preamble partitioning can be used to reduce the complexity of implementation. For msgA PUSCH transmission, waveform different from that of msg3 can be supported. For a RO dedicated to two-step RACH (i.e. separate RO), preamble partitioning can also be employed to indicate different PO configurations, wherein a PO can be configured with specific combination of waveform/MCS/payload size. 
An example of preamble partitioning and RO to PO mapping is shown in Figure 3, wherein the pool of preamble sequences is partitioned into two subsets, A and B. Each subset is associated with a pre-configured PUSCH resource unit, which comprises one or multiple PO. Consequently, UE selecting preamble subset A will transmit its payload using DMRS/PUSCH ResourceSet A (PUSCH resource unit type A), whereas UE selecting preamble sequences from subset B will transmit its payload using DMRS/PUSCH ResourceSet B (PUSCH resource unit type B). The size/dimension of ResourceSet A and B can be similar or different, and each ResourceSet can be configured with one or multiple POs. Therefore, the partitioning of preamble sequences and RO to PO mapping can be leveraged to indicate/configure different waveform/MCS/payload size for msgA transmission.
On the other hand, constrained resource mapping can be considered for msgA transmission on asynchronous UL with large timing offset (e.g. msgA transmission in RRC_IDLE or RRC_INACTIVE state without a valid TA). As shown in Figure 4, the RO and PO for asynchronous PUSCH transmission can be configured to be adjacent in time and overlapping (fully or partially) in frequency. As a result, the msgA preamble can be used by gNB to enhance the performance of channel estimation and PUSCH decoding.
[image: ]
Figure 3: Preamble Partitioning and RO to PO Mapping  
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Figure 4: Constrained Resource Mapping for Async UL

Proposal 1:  A msgA occasion selected by a UE is mapped to a RO and a PO set, wherein the PO set can include one or multiple POs. Frequency hopping and PUSCH slot repetition should be supported in PO set configuration.
[bookmark: _Hlk16863842]Proposal 2:  The following designs for RO and PO should be supported:
· multiple POs can be configured per PO configuration period, to accommodate different waveform, MCS and payload size;
· multiple two-step RACH UEs can share the same PO, if their msgA transmission use similar configurations for waveform/MCS/payload size;
· to simplify resource size specification for PO, PUSCH resource element in time-frequency domains can be defined;
· resource allocation for PO can be specified relative to RO, by semi-statically or dynamically configured offsets in time and/or frequency domain;
· it is beneficial to balance the resource allocations for RO and PO to achieve a good trade-off in resource utilization efficiency and collision probability.

4.	Timing Control Procedures for msgA 
As stated in the WID [1], two-step RACH shall be able to operate regardless of whether the UE has a valid TA or not. Typically, UE in RRC_INACTIVE or RRC_IDLE state may not be UL synchronized with gNB. There are multiple solutions to improve the performance of two-step RACH and reduce the transceiver implementation complexities for asynchronous UL without a valid TA.
· Option 1: UE can apply a timing adjustment, say , based on DL measurements for RSRP and/or positioning.   can be applied to both preamble and payload of msgA, as shown in Figure 5; or to the payload part of msgA only, as shown by Figure 6. The positioning measurements can be based on SSB/SIB, or additional RS such as PRS and CSI-RS. 
· Option 2: gNB can estimate the timing offset of UL transmission by processing the msgA preamble. Based on the timing offset estimation, gNB can perform timing adjustment and/or UE grouping. Multiple processing windows can be applied to UE groups characterized by different range of timing offsets, as illustrated in Figure 7.
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Figure 5: UE Assisted Timing Adjustment for Both Preamble and Payload of msgA

[image: ]
Figure 6: UE-Assisted Timing Adjustment for Payload Part of msgA Only

[image: ]
Figure 7: Timing Offset Estimation and Adjustment by gNB

Proposal 3: Both UE-assisted timing adjustment and gNB-assisted timing adjustment can be applied to msgA transmission or reception.
· For UE-assisted timing adjustment, the UL timing offset estimation can be obtained from DL measurements. 
· For gNB-assisted timing adjustment, the UL timing offset can be obtained at least from the msgA preamble processing.

5.	Power Control Procedures for msgA
Since msgA preamble will re-use the NR Rel-15 PRACH design [1], and a configurable transmission gap can be inserted between msgA preamble and payload [4], it is unnecessary to apply different power control parameters for msgA preamble. The power control parameters specified for msg1 in NR Rel-15 can be re-used for msgA preamble transmission. 
In NR Rel-15, if a UE transmits a PUSCH on active UL BWP b of carrier f of serving cell c, using parameter set configuration with index j and PUSCH power control adjustment state with index l, the UE can determine the PUSCH transmission power in PUSCH transmission occasion i as

 
where,
· 
is the UE configured maximum output power defined in TS 38.101;
· 



[bookmark: _Hlk7794911] is a parameter composed of the sum of a component  and a component  where ;
· 
is the pathloss compensation factor;
· 
 and  denote the number of resource blocks and SCS configuration, respectively, which represent the PUSCH bandwidth dependent power control offset;
· 
is a downlink pathloss estimate in dB calculated by the UE using reference signal (RS) index [image: ] for the active DL BWP of serving cell c;
· 
represents the transport format dependent power control offset;
The payload transmission in msgA can re-use the NR Rel-15 PUSCH power control mechanism outlined above. To minimize the impacts on specification and provide sufficient flexibility for configurable payload size and MCS of msgA, we have the following proposal:
[bookmark: _Hlk16867340]Proposal 4: The following designs for power control procedures can be considered for msgA transmission in two-step RACH:
· OLPC should be applied for msgA preamble and payload transmission;
· power control parameters specified for msg1 in NR Rel-15 should be supported as the default configuration for msgA preamble;
· the PUSCH bandwidth dependent power control offset in NR Rel-15 should be re-used;
· the PUSCH transport-format dependent power control offset in NR Rel-15 should be re-used;
· partial pathloss compensation can be supported and configured by network for msgA payload retransmission;
· PUSCH-PathlossReferenceRS-Id can re-use NR Rel-15 design as the default configuration for msgA payload; additional RS resources, such as DMRS/SIB and PRS, can also be configured to improve the accuracy of pathloss measurements;
· FFS whether or not to support two-step RACH in SUL/DC/CA. 

6.	RAR Window Configuration
After transmitting msgA, a two-step RACH UE will monitor msgB within a RAR window. Since network requires extra time to process the msgA payload, the RAR window length needs to be extended in two-step RACH, compared to the window configuration in four-step RACH. 
In addition, to simplify the UE procedures for msgB monitoring, with different msgA payload size and in both licensed and unlicensed spectrum, it is preferred to configure the starting point of RAR window with respect to the completion of msgA PUSCH transmission. Moreover, the determination for RAR window length should consider a tradeoff between msgA payload processing and the latency for msgA retransmission/fallback.
Therefore, we have the following proposal:
Proposal 5:  The starting point of the RAR window should be specified with respect to the completion of a msgA payload transmission/retransmission. FFS RAR window length extension for two-step RACH.

7.	Fall-Back, Retransmission and RACH Type Selection
Both two-step RACH and four-step RACH procedures should be supported in NR Rel-16. UE can make RACH type selection at the beginning of RACH procedure, or after a few re-attempts of RACH procedure of the same type. When the msgA transmission fails, UE can re-attempt two-step RACH by retransmitting msgA, or fall-back to scheduled transmission similar to msg3 of four-step RACH.
Proposal 6: The following rules for msgA retransmission and fall-back should be supported:
· Two-step RACH can fall-back to four-step RACH, when the msgA preamble detection is successful but the msgA payload decoding fails. To trigger fall-back to four-step RACH, gNB needs to send a FallbackRAR in msgB, which includes at least the RAPID, the timing advance command and the UL grant for payload retransmission. 
· msgA can be re-transmitted if the UE does not receive a msgB (FallbackRAR or SuccessRAR) within the RAR window, and the counter of msgA retransmissions has not reached its upper bound configured by the network. When msgA is re-transmitted, the UE will transmit both preamble and payload. Both the preamble and payload can be different from the last transmission of msgA.
[bookmark: _Hlk1160676]Proposal 7: RACH type selection can be based on link level measurements, system loading information and msgA RO/PO validations. RACH type selection can be supported at the beginning of a RACH procedure, or after the number of re-attempts for  two-step RACH reaches its upper bound configured by the network.
[bookmark: _Hlk4678475]
7. 	HARQ for msgB RAR
After msgA is transmitted, a RAR window will be configured on UE side (as shown in Figures 8-9), which starts after the competition of msgA payload transmission. 

The procedures of UE after msgA transmission will depend on the outcome of msgB reception.
· Before the RAR window expires, UE will monitor msgB and try to decode it. 
· If UE can decode msgB, and detect the TAC as well as the contention resolution ID, it will adjust the UL timing and transmit an ACK to gNB. The two-step RACH procedure is considered complete with success after gNB receives the ACK from UE.
· If UE can decode msgB, and detect the TAC, RAPID and RAR grant, it will fallback to msg3 transmssion of four-step RACH, by adjusting the UL timing and retransmitting its msgA payload on the granted resources.
· When the RAR window expires, and UE has not detected its contention resolution information and TAC:
· if the counter of msgA re-transmission is less than the maximum value, UE will re-transmit its msgA preamble and payload, which is considered as a re-attempt of two-step RACH procedure;
· if the counter of msgA re-transmissions has reached its maximum, the two-step RACH procedure is considered as ended with failure. 

To illustrate, Figures 8-9 show the HARQ feedback to SuccessRAR and FallbackRAR, respectively. In particular, whether or not the ACK/NACK will be transmitted can be further controlled by an additional field in PUCCH resource configurations.

In Rel-15, the PUCCH resource configurations for HARQ have been specified for configured grant transmission. In four-step RACH, the PUCCH resource configuration for ACK/NACK to msg4 PDSCH is provided in the DCI of msg4 PDCCH. 

In order to enable HARQ for the RAR message carried by msgB PDSCH, the PUCCH resource configuration needs to be specified. Therefore, we have the following proposal:

Proposal 8: FFS PUCCH resource configuration to enable HARQ for msgB RAR messages.
[image: ]
Figure 8: HARQ for SuccessRAR
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Figure 9: HARQ for FallbackRAR



8.	Beam Management and UCI Considerations
In NR Rel-15, each RO is associated with a corresponding DL SSB index, so that UE’s choice of RO can indicate UE’s preferred DL beam to the gNB. UEs with beam-correspondence also use this DL beam for the msg1 and msg3 transmissions. This behavior can naturally be extended for the case of two-step RACH, which leads to the following proposal:
[bookmark: _Hlk7807800][bookmark: _Hlk16863316]Proposal 9: Allow configurations in which UE can determine its UL beam for msgA preamble in the same manner as for four-step RACH, and use the same UL beam for both preamble and payload of msgA. 

In NR Rel-15, PUSCH slot-repetition is RRC-configured, and thus, enabling slot-repetition for msg3 would have involved either configuration prior to RACH (in SIB1) implying every msg3 transmission has the same repetition factor, or extending the UL grant field in the msg2 RAR payload to dynamically indicate the repetition factor. Thus, Rel-15 msg3 does not support slot-repetition, i.e., msg3 PUSCH is always in a single slot. For two-step RACH on the other hand, as part of PO configuration, different POs could easily be configured with different slot repetition factors. This allows for a flexible tradeoff between RACH overhead and time-diversity robustness. Further, the different slot repetitions could then be transmitted with different transmit beams. This provides further robustness from beam-diversity. The transmit beams could be determined by a configured association with other SSB-indices. Note that NR Rel-15 rules could still be reused for preamble re-transmissions. Based on this, we propose the following:
Proposal 10: Allow configuration of POs with slot repetition, and allow different repeated slots to use different transmit beams.

Early reporting of proper uplink control information (UCI) can be utilized by network to improve system performance. For one example, this has been utilized in the so-called preamble partitioning of NR Rel-15 RACH procedure. With this configuration, a UE can choose between group A and group B of preambles to provide a one-bit uplink control information to assist network in scheduling msg3.
Within 3GPP, attempt for more accurate and more detailed UCI reporting during random access procedure was made in LTE NB-IoT/eMTC, which finally led to the adoption of including CQI report as RRC message in msg3 in LTE Rel-15. In addition, more CQI reports are being added for more operation modes. More bits of UCI can provide more accurate/detailed information which allows gNB to have more scheduling flexibility as well as better link adaptation. One example use case is that UCI can include beam index indication, potentially along with the corresponding L1-RSRP.
In NR Rel-15, gNB indicates SSB to RO mapping in RMSI and UE can send RACH corresponding to any suitable SSB. Depending on the RO configuration and latency requirement, UE may not afford to wait for the later RO corresponding to a better SSB to send msg1. Instead, UE may want to transmit msg1 corresponding to the earlier suitable SSB. However, with current NR Rel-15 solution, UE has to stay with the beam used for msg1. These two options are listed in Figure 8.

[image: ]
Figure 10: Showing RO Selection Options for a NR Rel-15 UE

We can observe that Option 1 allows lower latency at the cost of a suboptimal beam, while Option 2 allows a better beam while suffering a latency penalty. With two-step RACH where msgA includes PUSCH resources, it is possible for UE to include UCI report in msgA, as the WID indicated. This allows UE to send msgA at earlier time instance while indicating the preferred beam (potentially along with the corresponding L1-RSRP) in UCI. Once gNB detects UCI, gNB could use the preferred beam for subsequent transmission to achieve better link quality. In this way, UE can benefit from both better beam and low latency, as shown in Figure 9.

[image: ]
Figure 11: Improving Both Latency and Beam Quality by Including UCI in msgA

UCI may be included in msgA either using NR Rel-15 piggybacking mechanism for UCI-on-PUSCH, or within the payload, i.e., within the MAC PDU or as a MAC-CE. The same mechanism may then be extended to include UCI in msg3 after fallback from two-step RACH to four-step RACH. This leads to the following proposal:
Proposal 11: Allow UCI reporting in msgA.

9. 	Conclusions
[bookmark: _Hlk4752999]In this contribution, the procedures related to two-step RACH, which target both licensed spectrum (FR1 and FR2) and unlicensed spectrum (FR1), has been discussed. To conclude, we have the following proposals:
Observation:  In order to operate two-step RACH in all RRC states and all cell sizes supported by NR Rel-15, the following design objectives should be satisfied:
· msgA transmission should support configurable waveform, MCS and TBS, wherein the payload can carry the equivalent content of msg3 in four-step RACH, UP data, MAC CE and piggybacked UCI;
· msgB should enable the completion of two-step RACH procedure when both preamble and payload of msgA are correctly detected, or enable re-transmission of payload on granted resources if msgA preamble detection is successful but msgA payload decoding fails. 
Proposal 1:  A msgA occasion selected by a UE is mapped to a RO and a PO set, wherein the PO set can include one or multiple POs. Frequency hopping and PUSCH slot repetition should be supported in PO set configuration.
Proposal 2:  The following designs for RO and PO should be supported:
· multiple POs can be configured per PO configuration period, to accommodate different waveform, MCS and payload size;
· multiple two-step RACH UEs can share the same PO, if their msgA transmission use similar configurations for waveform/MCS/payload size;
· to simplify resource size specification for PO, PUSCH resource element in time-frequency domains can be defined;
· resource allocation for PO can be specified relative to RO, by semi-statically or dynamically configured offsets in time and/or frequency domain;
· it is beneficial to balance the resource allocations for RO and PO to achieve a good trade-off in resource utilization efficiency and collision probability.

Proposal 3: Both UE-assisted timing adjustment and gNB-assisted timing adjustment can be applied to msgA transmission or reception.
· For UE-assisted timing adjustment, the UL timing offset estimation can be obtained from DL measurements. 
· For gNB-assisted timing adjustment, the UL timing offset can be obtained at least from the msgA preamble processing.

Proposal 4: The following designs for power control procedures can be considered for msgA transmission in two-step RACH:
· OLPC should be applied for msgA preamble and payload transmission;
· power control parameters specified for msg1 in NR Rel-15 should be supported as the default configuration for msgA preamble;
· the PUSCH bandwidth dependent power control offset in NR Rel-15 should be re-used;
· the PUSCH transport-format dependent power control offset in NR Rel-15 should be re-used;
· partial pathloss compensation can be supported and configured by network for msgA payload retransmission;
· PUSCH-PathlossReferenceRS-Id can re-use NR Rel-15 design as the default configuration for msgA payload; additional RS resources, such as DMRS/SIB and PRS, can also be configured to improve the accuracy of pathloss measurements;
· FFS whether or not to support two-step RACH in SUL/DC/CA. 


Proposal 5:  The starting point of the RAR window should be specified with respect to the completion of a msgA payload transmission/retransmission. FFS RAR window length extension for two-step RACH.

Proposal 6: The following rules for msgA retransmission and fall-back should be supported:
· Two-step RACH can fall-back to four-step RACH, when the msgA preamble detection is successful but the msgA payload decoding fails. To trigger fall-back to four-step RACH, gNB needs to send a FallbackRAR in msgB, which includes at least the RAPID, the timing advance command and the UL grant for payload retransmission. 
· msgA can be re-transmitted if the UE does not receive a msgB (FallbackRAR or SuccessRAR) within the RAR window, and the counter of msgA retransmissions has not reached its upper bound configured by the network. When msgA is re-transmitted, the UE will transmit both preamble and payload. Both the preamble and payload can be different from the last transmission of msgA.

Proposal 7: RACH type selection can be based on link level measurements, system loading information and msgA RO/PO validations. RACH type selection can be supported at the beginning of a RACH procedure, or after the number of re-attempts for  two-step RACH reaches its upper bound configured by the network.

Proposal 8 : FFS PUCCH resource configuration to enable HARQ for msgB RAR messages.

Proposal 9: Allow configurations in which UE can determine its UL beam for msgA preamble in the same manner as for four-step RACH, and use the same UL beam for both preamble and payload of msgA. 

Proposal 10: Allow configurations in which UE can determine its UL beam for msgA preamble in the same manner as for four-step RACH, and use the same UL beam for both preamble and payload of msgA. 

Proposal 11: Allow UCI reporting in msgA.
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