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1. INTRODUCTION
In RAN1 #96 [1], 3GPP held the first meeting of the 2-step RACH WI. The discussion was mainly focused on msgA and signal structure, and the following agreements were made: 

	PUSCH occasion for 2-step RACH is defined as
· the time-frequency resource for payload transmission associated with a PRACH preamble in msgA

Consider the following methods for PUSCH occasion of msgA transmission:
· Opt 1: PUSCH occasions are separately configured from PRACH occasions
· For one PUSCH occasion, it is derived based on:
· Alt 1: reuse the resource allocation for NR configured grant in principle
· Alt 2: other potential configurations (e.g., reuse semi-static SFI + BWP,  reuse PRACH RO, etc.)
· FFS detailed association rule between the PRACH and PUSCH for msgA transmission
· Opt 2: Specify/configure the relative location (in time and/or frequency) of the PUSCH occasion with respect to the associated PRACH occasion
· Alt 1: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single specification fixed value.
· Alt 2: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is single specification fixed value. Different preambles in different PRACH occasions can have different values.
· Alt 3: Time/frequency relation between PRACH preambles in PRACH occasion(s) and PUSCH occasions are single semi-statically configured value.
· Alt 4: Time/frequency relation between each PRACH preamble in PRACH occasion(s) to the PUSCH occasion is semi-statically configured value. Different preambles in different PRACH occasions can have different values.
· Note: The time and frequency relation is not required to be the same alternative.
· FFS detailed mapping between preamble and PUSCH resource + DMRS

Both DFT-s-OFDM and CP-OFDM are supported for the payload transmission in msgA
· FFS how to indicate/configure the waveform 

Consider the following numerology for msgA PUSCH (for possible down-selection)
· Alt 1: ​follow the numerology configured for the UL BWP
· FFS initial vs. active UL BWP
· Alt 2:  same as msgA preamble numerology at least for some cases
· E.g., when short preamble is used (L=139)

For the relation of PRACH resources between 2-step and 4-step RACH, further study the following options (for possible down-selection or combination(s) of the 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
· Option 3: Shared RO and shared preambles for 2-step and 4-step RACH

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

At least open loop power control for PUSCH transmission in MsgA should be supported
· FFS PC for preamble vs. PC for PUSCH



In this section, we provide our views on some of the open issues related to the operation of Two-Step RACH, such as; beam association for PUSCH, power control, PUSCH scrambling and link adaptation.
 
2. VIEWS ON TWO-STEP RACH PROCEDURES

Beam association for PUSCH
When multiple beams are available, a UE and gNB coordinate to determine on the best beam pair to use for transmissions between them. In Rel. 15, beam selection is first made during the initial access procedure and determines the beam used for the transmission of msg1 in RACH procedure. For Two-step RACH, it should similarly be determined which beam should be used for msgA. At the last meeting [1], it was agreed that, at least for the preamble part, the same beam association rule is used for the preamble part of msgA. It remains FFS which beam to use for the PUSCH occasion. 

In Rel-15 initial access procedure, a set of SSBs multiplexed in time and transmitted by the gNB are used to identify multiple downlink beams. Each block is transmitted using a different downlink beam pointing in a different direction. The UE measures the RSRP for each of the blocks and selects the beam with the maximum RSRP as its preferred downlink beam. If a very fine granularity is desired, many SSBs are required where each block covers a small angular spread of all possible spatial directions. The number of time slots to complete the beam sweeping procedure increases with the spatial resolution. Consequently, the beam sweeping procedure extends over a long time period to find the best narrow beam. However, the goal during initial access is to support a reliable access in a timely manner. A drawn-out sweeping procedure may result in poor coverage due to the narrow beams rapidly becoming outdated. Therefore, the beams provided during initial access are usually wide beams intended to cover as many directions as possible. Since the PRACH uses the same beam from initial access, this is a desirable behaviour for the UE to transmit its preamble with wide beams and enable it to reach the gNB.

For msgA PUSCH transmission, it is still FFS which beam is used. The UE could either reuse the same beam associated to the preamble or make use of another beam. In terms of specification effort, reusing the same beam throughout msgA is the simplest solution. The UE selects its best beam based on SSBs and reuses it for both preamble and PUSCH occasions of msgA. However, the beam used for PUSCH will correspond to a wide beam meant for wide coverage. Another alternative is to use a more refined beam for PUSCH compared to preamble. Methods should be further studied to enable the UE to transmit PUSCH with refined beams that may differ from the preamble transmission. The advantage is that it provides a better SINR for the payload transmission. For some applications, maximizing the SINR is critical to ensure the first transmission is received correctly. For example, some URLLC or mMTC applications with small packets could make use of Two-step RACH msgA transmission and having a narrow beam for the payload could be necessary to achieve performance targets. Therefore, in our view, procedures for transmitting PUSCH occasions with different beams than PRACH occasions should be further studied.

Proposal 1:	Beam association for PUSCH is separate from PRACH. 

msgA power control
[bookmark: _GoBack]	The starting point is to use at least open loop power control to set the UE’s transmit power for the PUSCH. In Rel. 15, the power for the PRACH is set according to open loop power control. Similar assumption can be used for the Two-step RACH. For the PUSCH on the first transmission, the starting point can be the same power used for the PRACH. However in case of retransmissions, the UE can adjust its power for PRACH and PUSCH differently as needed. If both preamble and PUSCH need to be retransmitted, power ramping can be used for the preamble and the association with the PUSCH power can be maintained. Alternatively, the power ramping can be applied separately for preamble and payload. For example, if the UE performs link adaptation for the PUSCH to retransmit with a different MCS, the resources of the PUSCH could be different. In this case, two separate power control processes are needed and msgB can be used to adjust each process separately with separate power ramping parameters. If only the PUSCH needs to be retransmitted, a closed loop power control can be used. 

Proposal 2:	Power control for preamble and payload are separate processes. 

PUSCH scrambling
The choice of PUSCH resources can be linked to the preamble selected for PRACH transmission. For example, a one-to-one mapping can be done between preamble and PUSCH resources. The UE can therefore be guaranteed a resource that is free from interference from other UEs. However, this case leads to a prohibitive high number of reserved resources required to accommodate all the preambles. Another alternative is to link one preamble to multiple PUSCH resources. The UE randomly selects one preamble and follows by randomly selecting a PUSCH resource and DMRS port. If multiple UEs select the same preamble, collisions can be avoided in the second step when randomly selecting PUSCH resources. This design still leaves a chance that multiple UEs will choose the same preamble and the same PUSCH resource albeit with lower probability than the first case. However, decoding can still be successfully made if UEs sharing the same PUSCH resources have UE-specific scramblers. Further enhancements should be studied to randomize the scrambling in the UL-SCH processing. In RRC CONNECTED mode, UE is assigned C-RNTI which is used to initialize the scramblers in a UE-specific way. However, in IDLE mode as could be the case when initiating the RACH procedure, the scrambling sequence is based on the cell ID. Without a C-RNTI, the only RNTI available is the RA-RNTI. The RA-RNTI is mapped to a PRACH occasion and multiple UEs are configured with the same PRACH occasion. On its own, it is not suitable to differentiate UEs since it is not uniquely determined per UE. However, based on the RA-RNTI and another identifier, UE-specific identities could be generated. In our view, PUSCH scrambling based on the RA-RNTI should be further studied to reduce performance degradation due to collisions. 

Proposal 3:	Consider scrambling sequence initialization based on RA-RNTI for msgA PUSCH. 

Link adaptation
Scheduled Rel. 15 PUSCH transmissions are designed to be flexible in terms of resource allocation and MCS selection. With scheduling grants and feedback, UEs can adjust their transmission to achieve target BLERs with the given measured channel conditions. Similar adaptation should be available to the UE when transmitting the msgA payload even though the transmission is initiated without a detailed CSI report available in some cases. One of the challenges is for the UE to choose appropriate PUSCH transmission parameters such as MCS and to indicate it to the gNB. One alternative is to provide explicit indications with a UCI jointly transmitted with the msgA. Another alternative could be to use the linking between preambles and PUSCH to feedback the CSI implicitly. For example, a set of preambles can be used when the UE determines it wants to use MCS0 and another group of preambles can be used for MCS1. The gNB can infer the MCS from the detected preamble index and the UE has the flexibility to perform link adaptation without additional overhead. Therefore, the UE should be able to perform at least a coarse link adaptation to determine its transmission parameters.

Proposal 4: msgA payload transmission parameters are configurable. 

3. Conclusions 
In this section, we provide our views on some of the open issues related to the operation of Two-Step RACH, such as; beam association for PUSCH, power control, PUSCH scrambling and link adaptation. Based on the presented discussion, following proposals are made;

Proposal 1:	Beam association for PUSCH is separate from PRACH. 

Proposal 2:	Power control for preamble and payload are separate processes. 
 
Proposal 3:	Consider scrambling sequence initialization based on RA-RNTI for msgA PUSCH.

Proposal 4: msgA payload transmission parameters are configurable. 
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