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Introduction
In the RAN1#96bis meeting [1], the following agreements were made.
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:
· 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.
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
At RAN1#98 [2] it was further agreed as follows:

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:
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.

Also, in the RAN2#107 meeting [2], the following agreements were made.
Agreements:
1. Working assumption: SRB RRC messages of multiple UEs cannot be multiplexed in same msg B (i.e. same MAC PDU).   
1. successRAR cannot be split into more than one message (i.e.Contention resolution ID will also be included in successRAR).   
1. SuccessRAR and fallbackRAR can be multiplexed

In this contribution, we discuss the 2-step RACH procedure including sharing RO between 2-step and 4-step RACH, MsgB HARQ-ACK, power ramping counter in the case of fallback from 2-step to 4-step msg1, and beam selection. This contribution is revision of R1-1908763.

Discussion
Sharing RO between 2-step and 4-step RACH
One of the main reasons for sharing RO between 2-step and 4-step RACH is not to configure fewer 4-step ROs for legacy Rel-15 UEs than would otherwise be the case if 2-step RACH was not configured for the given cell. Allocating a subset of 4-step ROs to 2-step only can also be construed as sharing but it also reduces the number of ROs for legacy Rel-15 UEs. In RAN#98 it was also agreed that for shared ROs with 4-step RACH and 2-step RACH configured with separate preambles and 2-step RACH preambles will be allocated from the non-CBRA preambles associated with each SSB. This may reduce the number of CFRA preambles available for 4-step contention resolution in shared ROs. If some ROs are shared between 2-step and 4-step and others are not shared, then the number of CFRA preambles available for 4-step may depend on whether the RO is shared or unshared. Besides the signaling required to indicate which ROs are shared or not, this difference in the number of CFRA preambles may also raise other issues.
Proposal 1: In the Option to share ROs, all 4-step RACH ROs shall be shared with 2-step RACH..

HARQ-ACK feedback for MsgB
For msg4 of 4-step RACH, UE send HARQ-ACK in response to msg4 on PUCCH. Since HARQ-ACK feedback corresponding to response message which is equivalent to msg4 in 4-step RACH is necessary, in the case when msgB contains successRARs, HARQ-ACK feedback should be done by each UE that detects the successRARs addressed to it.
Proposal 2: UE should provide HARQ-ACK feedback when the UE receives MsgB contains successRAR addressed to the UE.
As it is well known, soft-combining of MsgB is beneficial for improving received signal quality, especially for UEs at the cell-edge.
According to the RAN2 agreement, successRARs or fallbackRARs can be multiplexed in a MsgB. In the case that MsgB contains successRARs for multiple UEs, there is little possibility to perform soft-combining of MsgB, since the retransmitted MsgB may have a different payload from the previous MsgB. On the other hand, in the case of MsgB with a single successRAR, because gNB can easily transmit MsgB with the same payload as the previous MsgB, HARQ retransmission should be supported for MsgB towards the single UE.
Furthermore, based on current RAN2 working assumption, the SRB RRC messages of multiple UEs cannot be multiplexed in the same msgB (i.e. same MAC PDU when CCCH message is included in msgA). In our understanding, this means that MsgB with RRC messages have to be for a single UE (i.e. MsgB only contains the successRAR and its RRC message).
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Figure 1. Retransmissions for msgB with SRB RRC 
On top of MsgB with SRB RRC message, MsgB addressed to C-RNTI could be also supported for HARQ retransmission, since this MsgB is UE-specific.
Observation 1: HARQ retransmission for MsgB PDSCH should be supported when MsgB contains single successRAR with RRC message or MsgB is addressed to C-RNTI.
Soft-combining of MsgB is actually up to UE implementation. However, it is beneficial to indicate to the UE by DCI if MsgB PDSCH carries the same payload as previous MsgB PDSCH. “New Data Indicator (NDI)” in the DCI would be useful for indicating whether payload in the MsgB is the same or different from previous MsgB.
Proposal 3: The mechanism to indicate if this MsgB carries the same payload as previous MsgB should be introduced.
· NDI in DCI is used to be indicated if this MsgB PDSCH which is scheduled by the DCI carries the same payload as previous MsgB PDSCH.
If MsgB contains successRARs corresponding to multiple UEs, multiple HARQ-ACK feedback resources one for each UE are needed. In Rel-15, a single PUCCH resource is indicated by the DCI. From specification impact point of view, MsgB should follow such mechanism as much as possible. However, if all PUCCH resources are explicitly indicated by PDCCH or PDSCH, signaling overhead would be increased significantly. Signaling overhead should be kept as low as possible, because MsgB with multiple messages has to be reached to cell-edge UEs without HARQ retransmission. Therefore, we prefer hybrid indication mechanism whereby common PUCCH resource parameters are indicated by DCI and the remaining parameters are UE-specific and implicitly determined based on successRARs in the MsgB PDSCH. One possible solution for implicit determination or indication could be the position order of the successRAR within the MAC PDU.
Proposal 4: Common PUCCH resource parameters should be derived from the DCI for MsgB. UE-specific PUCCH resource parameters should be implicitly determined by MAC PDU of MsgB PDSCH.
Next we discuss whether HARQ-ACK response for MsgB PDSCH includes ACK information only or ACK/NACK information. According to proposal 3, in the case of multiple successRARs in MsgB, the PUCCH resources allocated to the UEs are actually determined after the success of PDSCH decoding, hence NACK feedback cannot be performed. In that sense, in the case of multiple successRARs in MsgB, feedback of ACK only can be considered. On the other hand, in the case of single successRAR, since it is similar to UE-specific transmission, the same HARQ-ACK feedback mechanism (UE feeds back either ACK or NACK information) could be applied. If both ACK and NACK responses are allowed, then the gNB can implicitly detect DTX when it receives neither NACK nor ACK.  DTX detection would be beneficial for UE-specific PDCCH scheduling. 
Proposal 5: For the HARQ-ACK response to MsgB,
· Only ACK shall be included in the HARQ-ACK response in case of MsgB transmission with two or more successRARs in response to a MsgA with CCCH,
· Either ACK or NACK shall be included in the HARQ-ACK response in case of MsgB transmission with one successRAR in response to a MsgA with CCCH,
· Either ACK or NACK shall be included in the HARQ-ACK response in case of a downlink transmission with PDCCH addressed to C-RNTI in response to a MsgA with C-RNTI.
Obviously, the content of the HARQ-ACK response would be different; the UE feeds back ACK or NACK information on the PUCCH resource for the case of single successRAR, and the UE feeds back ACK information only on the PUCCH resource otherwise. Since UE behavior of HARQ-ACK feedback for MsgB PDSCH is different, differentiation between these cases should be specified. Explicit indication using a parameter in the DCI or implicit indication using RNTI scrambling CRC attached to the DCI can be considered as a solution for the differentiation.
Proposal 6: How to differentiate between msgB for single successRAR and other msgB should be specified.
· Explicit indication using a parameter in the DCI or implicit indication using RNTI scrambling CRC attached to the DCI is an option for the differentiation.

Search space and CORESET for MsgB
If it is mandatory to configure a new CORESET/PDCCH CSS for 2-step RACH, it results in increasing PDCCH monitoring complexity as well as increasing overhead of reserved CORESET for 2-step RACH. Therefore, dedicated CORESET/PDCCH CSS set configuration for 2-step RACH should not be mandated. Note that it is up to the network choice to configure new CORESET/PDCCH CSS set for 2-step RACH. Moreover, connected mode UEs shall monitor the PDCCH addressed to their C-RNTI for success response as in RAN2 agreement, which implies msgB PDCCH could be transmitted on USS.
Proposal 7: Dedicated CORESET and PDCCH CSS set configuration for 2-step RACH should not be mandated.
· 2-step RACH uses Type1-PDCCH CSS and 4-step RACH CORESET if dedicated CORESET/PDCCH CSS set configuration for 2-step RACH is not provided.
· For a UE in connected mode, 2-step RACH uses UE-specific search space.

DCI format for MsgB
In 4-step RACH, while Msg2 PDSCH is scheduled by DCI format 1_0 with CRC scrambled by RA-RNTI, Msg4 PDSCH is scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI. In 2-step RACH, since MsgB PDSCH may include backoff indication, fallbackRAR which is equivalent to Msg2, and/or successRARs which is equivalent to Msg4, these legacy DCI formats are not suitable for scheduling MsgB PDSCH. Therefore, new DCI format scheduling MsgB PDSCH (e.g. DCI format 1_0 with CRC scrambled by MsgB-RNTI) should be introduced.
Proposal 8: DCI format 1_0 with CRC scrambled by MsgB-RNTI should be specified in addition to Rel-15 DCI formats.
As discussed in section 2.3, MsgB PDCCH can be transmitted on common search space of Type1-PDCCH CSS set. In order to minimize PDCCH blind decoding complexity, the payload size of the new DCI format scheduling MsgB PDSCH should be the same as that of the other DCI formats on the common search space such as the DCI format 1_0 with CRC scrambled by RA-RNTI.
Proposal 9: The DCI format 1_0 with CRC scrambled by MsgB-RNTI should be the same payload size as the DCI format 1_0 with CRC scrambled by RA-RNTI.

MsgB-RNTI
As discussed in section 2.4, the new DCI format with CRC scrambled by MsgB-RNTI should be introduced. In that sense, an identifier to distinguish the new DCI format for MsgB or other DCI formats should be also introduced. Moreover, MsgB-RNTI has to be different from RA-RNTI, because DCI format with CRC scrambled by MsgB-RNTI and DCI format with CRC scrambled by RA-RNTI can be located on the same common search space as discussed in section 2.3.
Proposal 10: MsgB-RNTI should be new RNTI which has different value from other RNTI such as RA-RNTI.

Power ramping counter in the case of fallback from 2-step to 4-step msg1
Fallback from 2-step to 4-step msg1 was agreed in RAN2. In that case, remaining issue for power ramping counter is raised as in the below 2 options; 
a) power ramping counter value is reset, 
b) power ramping counter value is retained. 
If power ramping counter value is reset, UE has to start 4-step preamble transmission from low Tx power. Since it is supposed that gNB cannot detect preamble until received power reaches level of reception sensitivity, it would result in random access latency. Therefore, to avoid unnecessary latency, power ramping counter for preamble should be inherited from 2-step RACH to 4-step RACH in the case of fallback to 4-step Msg1.
Proposal 11: Power ramping counter for preamble should be inherited from 2-step RACH to 4-step RACH in the case of fallback to 4-step Msg1.

Beam selection
In RAN1#96bis meeting [1], for the beam selection aspect, the following 3 options were made.
· 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.
· Option 3: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) under network control/assistance.
In most cases, UE tends to select the same Tx beam between MsgA PRACH and MsgA PUSCH. On the other hand, in some cases, using different Tx beams between MsgA PRACH and MsgA PUSCH would be beneficial. For example, in a case that PRACH is associated with SSB and PUSCH is associated with CSI-RS, it would make better performance that UE selects rough beam for MsgA PRACH transmission and finer beam for MsgA PUSCH transmission. Since using different Tx beams sometimes brings better performance, we think it is not necessary to restrict Tx beam selection. For option 3, since the network can control UE not to select wrong Tx beam, neighbour cell interference could be suppressed. However, it is difficult to completely control idle mode and inactive mode UEs. Option 3 could be applied only for connected mode UEs.
Proposal 12: For RRC_INACTIVE/IDLE state, the MsgA PRACH and MsgA PUSCH should use the same or different Tx spatial filter (beam) up to UE implementation.

Conclusions
In this contribution, based on the above discussion we have the following proposals and observation relating to 2-step RACH procedure:
[bookmark: _GoBack]Proposal 1: In the Option to share ROs, all 4-step RACH ROs shall be shared with 2-step RACH..
Proposal 2: UE should provide HARQ-ACK feedback when the UE receives MsgB contains successRAR addressed to the UE.
Observation 1: HARQ retransmission for MsgB PDSCH should be supported when MsgB contains single successRAR with RRC message or MsgB is addressed to C-RNTI.
Proposal 3: The mechanism to indicate if this MsgB carries the same payload as previous MsgB should be introduced.
· NDI in DCI is used to be indicated if this MsgB PDSCH which is scheduled by the DCI carries the same payload as previous MsgB PDSCH.
Proposal 4: Common PUCCH resource parameters should be derived from the DCI for MsgB. UE-specific PUCCH resource parameters should be implicitly determined by MAC PDU of MsgB PDSCH.
Proposal 5: For the HARQ-ACK response to MsgB,
· Only ACK shall be included in the HARQ-ACK response in case of MsgB transmission with two or more successRARs in response to a MsgA with CCCH,
· Either ACK or NACK shall be included in the HARQ-ACK response in case of MsgB transmission with one successRAR in response to a MsgA with CCCH,
· Either ACK or NACK shall be included in the HARQ-ACK response in case of a downlink transmission with PDCCH addressed to C-RNTI in response to a MsgA with C-RNTI.
Proposal 6: How to differentiate between msgB for single successRAR and other msgB should be specified.
· Explicit indication using a parameter in the DCI or implicit indication using RNTI scrambling CRC attached to the DCI is an option for the differentiation.
Proposal 7: Dedicated CORESET and PDCCH CSS set configuration for 2-step RACH should not be mandated.
· 2-step RACH uses Type1-PDCCH CSS and 4-step RACH CORESET if dedicated CORESET/PDCCH CSS set configuration for 2-step RACH is not provided.
· For a UE in connected mode, 2-step RACH uses UE-specific search space.
Proposal 8: DCI format 1_0 with CRC scrambled by MsgB-RNTI should be specified in addition to Rel-15 DCI formats.
Proposal 9: The DCI format 1_0 with CRC scrambled by MsgB-RNTI should be the same payload size as the DCI format 1_0 with CRC scrambled by RA-RNTI.
Proposal 10: MsgB-RNTI should be new RNTI which has different value from other RNTI such as RA-RNTI.
Proposal 11: Power ramping counter for preamble should be inherited from 2-step RACH to 4-step RACH in the case of fallback to 4-step Msg1.
Proposal 12: For RRC_INACTIVE/IDLE state, the MsgA PRACH and MsgA PUSCH should use the same or different Tx spatial filter (beam) up to UE implementation.
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