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[bookmark: _Ref506539118]Introduction
In the last meeting, RAN2 briefly discussed the need of RAPID and as baseline, agreed that it will go without RAPID. However, we think that without this, UE will unnecessarily waste UE power and increase the latency in the case the network is not going to respond to it.
This contribution discusses the additional field needed for the HARQ feedback for MsgB and the impact of MsgB reception which is perceived to be similar duration as ra-ContentionResolution to accommodate retransmission. Lastly we also propose a new RNTI for differentiation between 4-step RACH RAR PDU and 2-step one in the case of shared RO.
Additional fields needed for HARQ feedback
RAN1 sends RAN2 a reply LS on this with the following agreements:
Agreements:
· For each UE, the TPC command of the PUCCH resource containing HARQ feedback for MsgB is indicated by PDSCH of MsgB when the corresponding PDCCH is scrambled by MsgB-RNTI.
· The TPC command is 2-bits
· FFS whether or not to have special handling for the first UE or when there is only one UE in the Msg B PDSCH
Agreements:
For the PUCCH Resource index used for the HARQ-ACK feedback of a user that finds its contention resolution ID in the successRAR with a PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI, down-select the following alternatives:
· Alt1: PUCCH Resource Index is only signalled explicitly in the successRAR
· Number of bits used to indicate PUCCH resource index is [FFS 3 or 4] bits.
Alt2: PUCCH Resource Index is determined implicitly based on a reference PUCCH resource index derived from the DCI as in release 15 and UE-based implicit rule.
· FFS: Use 1-bit of reserved DAI instead of CCE start index.
· Alt3: PUCCH resource index is determined based on a reference PUCCH resource index derived from DCI as in release 15 and UE-based offset value indicated in the successRAR.
Agreements:
The PUCCH Time resource “PDSCH-to-HARQ_feedback timing indicator”, in unit of slot, used for the HARQ-ACK feedback of a user that finds its contention resolution ID in the successRAR with a PDSCH scheduled by a PDCCH that has a CRC scrambled with the MsgB-RNTI down-select from the following alternatives:
· Alt1: PDSCH-to-HARQ_feedback timing indicator is only signalled in the successRAR
· Number of bits used to indicate the PDSCH-to-HARQ_feedback timing indicator is 3 bits.
· Alt2: A single PDSCH-to-HARQ_feedback timing indicator is used as indicated in the MsgB DCI
· Alt3: The PDSCH-to-HARQ_feedback timing indicator is determined implicitly
· FFS: Implicit determination rule.
· Alt4: PDSCH-to-HARQ_feedback timing indicator is signalled by the DCI and UE-based offset value indicated in the successRAR.

Other than the 2-bit TPC command which is agreed, RAN1 is still discussing the detailed signaling mechanisms for the PUCCH resource index and the “PDSCH-to-HARQ feedback timing indicator”.  If both Alt1s are agreed, this would indicate that the field in the SuccessRAR is 8-9bits to accommodate the TPC Command, PUSCCH resource index and the “PDSCH-to-HARQ feedback timing indicator”. This field is per UE and is similar to the UL grant in the legacy RAR.
[bookmark: _GoBack]Proposal#1: Introduce a new field in the SuccessRAR to include all the HARQ feedback parameters (e.g. TPC command). Wait for RAN1 to conclude the number of bits (if required) for the PUCCH resource index and “PDSCH-to-HARQ feedback timing indicator”.
Need of RAPID
In existing 4-step RACH procedure, RAPID will affect whether the UE continues to monitor for PDCCH within the RAR window. The reason for doing so is to allow network the flexibility to split the MAC PDU for a RA-RNTI within the RAR window. 
For 2-step RACH, it may also be possible for the network to split the successRARs of the same MsgB_RNTI into 2 or more MsgB within the MsgB reception window. This means that receiving the MsgB_RNTI does not stop MsgB reception window and the UE continues monitoring until it receives its contention resolution ID or the MsgB reception window expires.
Without the RAPID in the successRAR and only using the contention resolution ID (CRID), even if the network responded with successRAR for a UE using the same RAPID as another UE, the other UE using the same RAPID will not know whether its RAPID has been responded and thus will continue to monitor the RAR window.  With the RAR window for MsgB much extended in time than the RAR window for Msg2 (i.e. it is more like the ra-ContentionResolutionTimer), it will be good to include the RAPID in the SuccessRAR for the case the CCCH SDU is included in the MsgA in order to save UE’s power consumption.  It will also reduce the latency for the case where UE’s preamble has been received but the contention resolution ID does not match, as it can reattempt again without waiting for the end of the RAR window. Furthermore, it also reduces the UE complexity without the need to parse the subPDU if the RAPID is included in the subheader and align with the decoding of the RAPID. Hence, in our view, RAPID should also be provided for the successRAR when CCCH SDU is included in MsgA.
Observation#1: RAPID is needed to allow the UE to know that the network has responded to its RAPID and thus save on the UE having to monitor the whole RAR window which would reduce unnecessary UE power consumption and latency. It also reduces the UE complexity to parse the subPDU and decode differently to the fallback RAR.
Proposal#2: RAPID is included in SuccessRAR when CCCH SDU is included in MsgA.
RNTI design and MsgB Reception window
RAN2 agreed to the following for the MsgB reception window:
· 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).
· The UE will monitor for response message using the single msgB agreed window
The MsgB reception window is the time window where the UE will monitor for (1) PDCCH addressed to MsgB-RNTI in the case CCCH SDU is included in MsgA or the fallback case and (2) for PDCCH addressed to C-RNTI in the case C-RNTI MAC CE is included in MsgA. It was also agreed in the last RAN2 meeting that HARQ feedback for msgB would be needed from RAN2 point of view. This means that MsgB reception window will have length similar to the ra-ContentionResolutionTimer which takes into consideration the retransmission of the Msg4. In legacy 4-step RACH, the ra-ContentionResolutionTimer can be up to sf64 (ra-ContentionResolutionTimer    ENUMERATED { sf8, sf16, sf24, sf32, sf40, sf48, sf56, sf64}).
Observation#2: The length of the MsgB reception window is more similar to ra-ContentionResolutionTimer than RAR window.
For the case PDCCH is addressed to MsgB-RNTI, if the MsgB reception window is longer than 10ms, the MsgB reception window of a RO may overlap with the MsgB reception window of subsequent RO. In this case, the UE in the subsequent RO may decode the MsgB-RNTI PDCCH intended for the previous RO and vice versa.  This was also discussed in the NR-u and the following has been agreed:
· Include LSBs of SFN in Msg2
Similar agreement can be made for Msg B reception:
Proposal#3: Include LSBs of SFN in MsgB to differentiate the ROs while UE is monitoring the PDCCH addressed to MsgB-RNTI in the MsgB reception window (note that this behaviour aligns with the one in NR-u).
In Rel-15, there are 16 reserved bits for DCI format 1_0 scrambled with RA-RNTI. These reserved bits can be used to convey the SFN info where 1-bit allows 20ms maximum RAR window, 2-bit allows 40ms max RAR window and so on.  
As for including SFN info in RAR, there is only 1 R-bit left in the RAR format and this may not provide sufficient extension for the maximum RAR window if RAN1 requires more than 20ms. In order to increase it beyond 20ms, there will be a need to introduce new RAR format for NR-u even for 4-step RACH to include the additional bits for RAR window size greater than 20ms, which is not desirable from UE implementation point of view to support NR-u. 
One advantage of including the SFN info in the RAR (payload or subheader) is that RARs of different SFN info can be multiplexed in a RAR PDU. However, this will complicate the random access procedure further as the UE not only has to check the RAPID and/or CRID (in the case of 2-step RACH) but also the SFN Info and the behavior if it does not match will have to be provided. Furthermore, having SFN info in the DCI will save the UE complexity and power consumption without having to decode the MAC PDU if the SFN info does not match. 
For NR-u, it is agreed that the SFN info is included in the DCI pending RAN1 confirmation. Hence it is proposed that 2-Step RACH is aligned with NR-u on this.
Proposal#4: RAN2 assumes that SFN info is included in the DCI to resolve the ambiguity of the MsgB-RNTI, pending RAN1 confirmation (note that this behaviour aligns with the one in NR-u).
In last RAN2 meeting, it is agreed to introduce a new MsgB-RNTI to differentiate legacy Msg2 and MsgB when the ROs are shared between legacy 4-step RACH and 2-step RACH.  One simple approach is to introduce an offset for the MsgB-RNTI.  This can be done by the following MsgB-RNTI formula:
MsgB-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 2 × 14 × 80 × 8 × 2-StepRA
Where 2-StepRA is 1 if 2-Step RACH is used and 0 if 4-step RACH is used. The network knows whether it is 2-step RACH or 4-step RACH from the preamble partitioning/separation between 2-step RACH and 4-step RACH.
Proposal#5: RAN2 applies the following RNTI formula for MsgB-RNTI, where 2-StepRA is 1 if 2-Step RACH is used and 0 if 4-step RACH is used:
MsgB-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 2 × 14 × 80 × 8 × 2-StepRA
Conclusions
In this contribution, we discussed the MsgB design and summarize the proposals as follows:
Proposal#1: Introduce a new field in the SuccessRAR to include all the HARQ feedback parameters (e.g. TPC command). Wait for RAN1 to conclude the number of bits (if required) for the PUCCH resource index and “PDSCH-to-HARQ feedback timing indicator”
Observation#1: RAPID is needed to allow the UE to know that the network has responded to its RAPID and thus save on the UE having to monitor the whole RAR window and hence reduce unnecessary UE power consumption and latency. It also reduces the UE complexity to parse the subPDU and decode differently to the fallback RAR.
Proposal#2: RAPID is included in SuccessRAR when CCCH SDU is included in MsgA.
Observation#2: The length of the MsgB reception window is more similar to ra-ContentionResolutionTimer than RAR window.
Proposal#3: Include LSBs of SFN in MsgB to differentiate the ROs while UE is monitoring the PDCCH addressed to MsgB-RNTI in the MsgB reception window (note that this behaviour aligns with the one in NR-u).
Proposal#4: RAN2 assumes that SFN info is included in the DCI to resolve the ambiguity of the MsgB-RNTI, pending RAN1 confirmation (note that this behaviour aligns with the one in NR-u).
Proposal#5: RAN2 applies the following RNTI formula for MsgB-RNTI, where 2-StepRA is 1 if 2-Step RACH is used and 0 if 4-step RACH is used:
MsgB-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 2 × 14 × 80 × 8 × 2-StepRA
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