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1. INTRODUCTION
In RAN1 #98b meeting [1], the discussion progressed on 2-step RACH procedures. One of the topics discussed concerned msgB HARQ issues and the following related agreements were made:
	· [bookmark: _Hlk21597930]A UE shall provide HARQ-ACK feedback if it receives a MsgB that contains a successRAR addressed to this UE.
· For a MsgB downlink transmission with PDCCH addressed to a MsgB-RNTI, the HARQ-ACK response to the downlink transmission can include at least ACK.
· MsgB RNTI is at least group based
· FFS: whether MsgB-RNTI can be UE specific, pending RAN2’s decision
· FFS: Whether NACK should be transmitted and under what conditions.
· The UE is not expected to transmit the HARQ-ACK before the TA is applied.
· For a downlink PDSCH transmission with the corresponding PDCCH addressed to C-RNTI in response to a MsgA with C-RNTI, the HARQ-ACK response to the downlink transmission can include at least ACK.
· FFS: Whether NACK should be transmitted and under what conditions.

The above agreements are updated as follows:
· For a downlink PDSCH transmission with the corresponding PDCCH addressed to C-RNTI in response to a MsgA with C-RNTI, the HARQ-ACK response to the downlink transmission can include ACK or NACK.
· In case of ACK, if downlink PDSCH includes TA MAC CE and the time alignment timer is not running, the UE is not expected to transmit the PUCCH before for the TA is applied.
· A UE can send a NACK only if it time alignment timer is running.
· 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
For 2-step RACH, down-select from the two alternatives for PUCCH resource set for the MsgB HARQ-ACK
Alt1: For 2-step RACH uses the PUCCH resource set indicated by pucch-ResourceCommon.
· FFS: Whether and how to increase the number of resources in a PUCCH resource set.
Alt2: For 2-step RACH, a separate configuration indicates the PUCCH resource set, if absent use pucch-ResourceCommon.
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.
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.


 
[bookmark: _Hlk521410680]
2. HARQ-ACK FOR MSGB
At the RAN2 #107 meeting, there were some discussions on procedures for 2-step RACH. The progress was summarized and communicated to RAN1 in an LS [2]. In the LS, RAN2 made the following statements related to HARQ feedback for msgB, 
· HARQ feedback for msgB would be needed from RAN2 point of view 
· the current successRAR has no UL grant in the message 
· RAN2 design allows multiplexing successRARs of multiple UEs in msgB. 
· HARQ feedback for the msgB is needed for this multiplexed case to confirm contention resolution for the success UEs.

At RAN1 #98b meeting, it was agreed that a UE shall provide HARQ-ACK feedback if it receives a msgB with a PDCCH addressed to a msgB-RNTI that contains a successRAR addressed to this UE. The PDCCH scrambled with the msgB-RNTI carries the DCI which contains a single PRI and PDSCH-to-HARQ_feedback timing indicator. These parameters are used by a UE to determine the PUCCH resources where the HARQ-ACK is sent. With a single UE multiplexed in msgB, a UE can determine its PUCCH resources similarly to Rel. 15 using the PRI and PDSCH-to-HARQ_feedback timing indicator. There is no ambiguity since the DCI schedules one UE and the PUCCH resources are specifically assigned only to one UE. 

However, based on the RAN2 agreement, one msgB can multiplex the successRAR of multiple UEs in the PDSCH payload part. If PUCCH resource determination is reused from Rel. 15, this could lead to collisions because all UEs transmit their HARQ-ACK on the same resources determined using the same PRI and PDSCH-to-HARQ_feedback timing indicator from the DCI. Therefore, the PUCCH resource determination needs to be enhanced when multiple UEs are multiplexed to avoid collision of HARQ-ACK feedback. 

For the PRI, three alternatives are under discussion:
· In Alt. 1, the PRI is only signalled explicitly in the successRAR. The msgB PDSCH payload is enlarged to accommodate a UE specific PRI for each user where the number of bits to represent each PRI is FFS between 3 or 4 bits. Therefore, each UE can uniquely determine the PUCCH resources after decoding its own successRAR. This solution is flexible because the association to PUCCH resources can be dynamically adjusted and signalled to UEs. However, this solution generates an increased msgB payload size solely for the signaling overhead. The payload size could be reduced if either the PRI or PDSCH-to-HARQ feedback timing indicator is defined as a common value for all multiplexed UE while the other parameter remains UE-specific.
· In Alt. 2, the PUCCH resource index is determined implicitly based on a reference PUCCH resource index derived from the DCI as in Rel. 15 and UE-based implicit rule. This solution relies on a configured mapping that links UEs to their resources. This option does not need additional overhead since the PRIs are not sent in msgB but rather derived from the preconfigured linking rule. It is FFS how to define the linking rule. 
· In Alt. 3, the PUCCH resource index is determined based on a reference PUCCH resource index derived from DCI as in release 15 and a UE-based offset value indicated in the successRAR. Each UE is assigned an offset relative to the PRI value indicated in the DCI and the offset is indicated in the successRAR payload. Similar to Alt. 1, the msgB payload size increases to include the resource offset per UE. 

Our preference is to reduce the signalling overhead, therefore we believe that a solution based on Alt. 2 will be more efficient. 

[bookmark: proposal1]Proposal 1: Support a solution based on Alt. 2, where the PUCCH resource index is determined implicitly based on a reference PUCCH resource index derived from the DCI as in Rel. 15.

Similarly for the slot timing, a PDSCH-to-HARQ_feedback timing indicator is needed to determine the timing slot offset for the UE transmission. There are four different alternatives to be considered:
· For Alt.1, the indicator is signaled in the successRAR which explicitly indicates a value for each UE. This is a similar solution to Alt. 1 for the PRI where additional overhead is required to support.
· For Alt.2, a single value is included in the msgB DCI and all UEs use the same value. This solution avoids additional overhead but loses some flexibility since all UE transmissions are in the same slot. 
· For Alt.3, the indicator is implicitly determined per UE. This is similar to Alt. 2 for the PRI where the timing slot offset value per UE is determined based on a mapping rule. The mapping rule determines the indicator for each UE and the mapping rule could be based on the PDSCH-to-HARQ_feedback timing indicator value included in the msgB DCI.   
· For Alt.4, a single value is included in the msgB DCI and an offset is included in the successRAR. This option is similar to Alt. 3 for the PRI. 

We prefer enabling each UE to determine its own PDSCH-to-HARQ_feedback timing indicator rather than restricting all multiplexed UEs to a single value. The 3 bits of PRI and the 3 bits of PDSCH-to-HARQ_feedback timing indicator yield 64 total possible resource configurations which can be used to support multiple UEs without collisions. Similar to the PRI derivation, we support the implicit linking rule to minimize the overhead cost in the payload. 

Proposal 2: The PDSCH-to-HARQ_feedback timing indicator is determined implicitly (Alt. 3). 

An implicit rule needs to be defined to map UEs to PUCCH resources and the rule remains FFS. To align with the PRI derivation, the PDSCH-to-HARQ_feedback timing indicator can be determined implicitly as well through a joint configuration with the PRI mapping rule. According to 38.213 Section 9.2.1, in Rel. 15 the PUCCH resource index   is determined as follows:



where  is a number of CCEs in CORESET of the PDCCH reception for the DCI format 1_0 or DCI format 1_1,  is the index of a first CCE for the PDCCH reception, and  is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1. 

One possible solution relies on the RAPID to determine the PUCCH resource index. The reception of a successRAR indicates to the UE that its preamble was successfully received without collisions from other UEs on the same RAPID. Therefore, the RAPID can be used to determine the PUCCH resource index and PDSCH-to-HARQ_feedback indicator for each successful UE without scheduling the HARQ-ACK on the same resources. One such example of a mapping rule is 


Based on this formula, there are some cases where different RAPIDs could map to the same resource. Then, the RAPID can also be mapped to multiple PDSCH-to-HARQ_feedback timing indicators such that the same resource can be used in different timing slots to avoid overlaps. The configuration can ensure that the UE determines a UE-specific PUCCH resource without collisions such as in Figure 1. 

[image: ]
Figure 1

Proposal 3: Support implicit linking rule based on the RAPID for PUCCH resource index determination. 

3. Conclusion
[bookmark: _GoBack]In this contribution, we discussed the remaining open issue regarding HARQ-ACK feedback for msgB. We make the following proposals:

Proposal 1: Support a solution based on Alt. 2, where the PUCCH resource index is determined implicitly based on a reference PUCCH resource index derived from the DCI as in Rel. 15.
Proposal 2: The PDSCH-to-HARQ_feedback timing indicator is determined implicitly (Alt. 3).
Proposal 3: Support implicit linking rule based on the RAPID for PUCCH resource index determination. 
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