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1. Introduction
This document is to collect companies’ views for the email discussion [98-NR-08]:

Email discussion till next meeting on HARQ-ACK related issue for msg B (e.g., to come up with a list of options, etc.)

In RAN1#98, various options related to HARQ-ACK feedback of MsgB were discussed in R1-1909775 [1]:

Further study HARQ-ACK options in response to MsgB for users in IDLE/INACTIVE Mode, and when MsgB contains at least a SuccessRAR including:
· Option 1: No HARQ-ACK response for MsgB when containing SuccessRAR.
· Option 2: HARQ-ACK response is supported for MsgB when MsgB only contains the successRAR of one UE
· If MsgB contains the successRAR of more than one UE there is no HARQ-ACK response for MsgB
· FFS: If MsgB contains a successRAR for one UE only and fallback for other UEs.
· Option 3: HARQ-ACK response is supported for MsgB when MsgB contains the successRAR of one or multiple UEs
· FFS: HARQ-ACK response can include:
· Alt 1: ACK only
· Alt 2: ACK or NACK.


Furthermore, RAN2 sent LS R2-1911776 [2] to RAN1, informing that:
· 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.

RAN2 is requesting RAN1 to provide feedback on RAN1 mechanisms for sending HARQ feedback in UL for msgB in case successRARs of multiple UEs are multiplexed.

2. Discussion
Based on the RAN2 agreements and the RAN2 LS, RAN2 is requesting support of HARQ feedback in response to MsgB that contains successRAR of multiple UEs. This section explores various options for:
· HARQ-ACK response.
· Indication of PUCCH resource for HARQ-ACK feedback.
· Soft combining of MsgB retransmission.

2.1 MsgB scenarios

According to the RAN2 agreements, the following scenarios for MsgB are possible
· Case 1: MsgB only includes the successRAR of one or more UEs.
· Case 2: MsgB includes the successRAR of one or more UEs along with fallbackRAR and/or backoff indication.
· Case 3: MsgB includes the fallbackRAR and/or backoff indication.
· Case 4: msgB includes a RAR for one UE, and may include an SRB carrying an RRC message.

When does the UE provide HARQ-ACK feedback for MsgB?

	Company
	View

	Nokia
	According to the RAN2 agreements and the RAN2 LS, the UE can provide HARQ-ACK feedback if it receives a MsgB that contains the successRAR of one or more UEs with or without the fallbackRAR and/or backoff indication, and the UE finds its contention resolution ID. This is covered by case 1 and case 2 above.
If a UE finds its contention resolution ID in MsgB it should provide HARQ-ACK feedback. Otherwise the UE should not send any HARQ-ACK feedback.
Comment on 25-Sep-19: Based on our understanding of the RAN2 agreements for CCCH, when there are one or more successRARs in MsgB, one of these successRARs can also have its RRC message included in MsgB. Our preference is not to add case 4, as this is a special case of case 1. Before the gNB decodes MsgB, it will not know if the MsgB is addressed to one UE or more UEs with successRAR, and which UE it is if the same RNTI is used for any MsgB.

	Samsung
	Similar to 4step RACH, when UE can confirm the contention resolution is successful, the UE needs to provide the HARQ-ACK feedback to gNB, i.e., for 2step RACH case, which is when UE detects a matched contention resolution ID in the successRAR.

	ZTE
	For msgB only including the successRAR of one or more UEs, it is nature to feedback the successful reception of successRAR just like the msg4 feedback, the feedback will make the msgB transmission more efficient and save the overhead of msgB retransmission.
For msgB including the fallbackRAR only, if UE successfully receives its fallback indication, the next PUSCH transmission based on the UL grant in fallbackRAR will implicitly indicated the ACK of fallbackRAR.
For msgB including the successRAR with fallbackRAR and/or backoff indication, the msgB format design should guarantee the UEs can distinguish the successRAR, fallbackRAR and backoff indication, there is no obstacle for UEs to feedback the reception on successRARs.
UE should provide HARQ-ACK feedback for the reception of successRAR if msgB contains the successRAR addressed to this UE even if the msgB also contains other UEs’ successRAR or fallbackRAR or backoff indication.

	Sharp
	When UE considers its contention resolution successful.

	Panasonic
	According to the RAN2 LS (R2-1911776), the current successRAR has no UL grant in the message. RAN2 design allows multiplexing successRARs of multiple UEs in Msg.B. We discuss two cases. 
Case A. Msg.B PDCCH is addressed by some common-RNTI, Msg.B can contain multiple successRARs of multiple UEs.
HARQ feedback for the Msg.B is needed for this multiplexed case to confirm contention resolution for the success UEs. Therefore, from contention resolution reason perspective, in order to indicate “no need to retransmit Msg.B for me, UE should provide HARQ-ACK feedback in Case 1 and 2. Note that this feedback is not “HARQ” feedback but rather “successful reception indication”.
Case B. Msg.B PDCCH is addressed by C-RNTI (i.e. scrambled by C-RNTI), Msg.B contains single successRAR.
In this case, our reply is described in Section 2.4.

	Intel
	For Case 1 and 2, for UE who receives successRAR in MsgB with matched contention resolution ID, it needs to provide HARQ-ACK feedback. But this does not apply for UE who receives fallbackRAR in MsgB given that UL grant in fallbackRAR can be used to provide response to MsgB.
For Case 3, UE does not need to provide HARQ-ACK feedback for MsgB.

	vivo
	If UE detects a DCI scrambled by C-RNTI scheduling a msgB and UE decodes the msgB that include its successRAR, the UE should feedback a corresponding HARQ-ACK.
If UE detects a DCI scrambled by e.g. RA-RNTI (FFS whether it is a new RNTI) scheduling a msgB and UE decodes the msgB that include its successRAR, the UE should feedback a corresponding HARQ-ACK.
If UE detects a DCI scrambled by e.g. RA-RNTI (FFS whether it is a new RNTI) scheduling a msgB and UE decodes the msgB that include an associated fallbackRAR, the UE does not need to feedback HARQ-ACK.
This requires UE needs to be able to distinguish successRAR and fallbackRAR in msgB.

	CATT
	UE provides HARQ-ACK feedback for successRAR only similar as in 4-step RACH.

	Huawei
	According to RAN2 agreements, for MsgA with C-RNTI, the UE shall monitor the PDCCH addressed to C-RNTI for success response. 
This discussion should focus on the case of MsgA with CCCH, i.e., successRAR and/or fallbackRAR in MsgB. In this case, the UE shall provide HARQ-ACK feedback if its contention resolution ID is detected in MsgB.

	Sony
	Since HARQ-ACK feedback corresponding to response message which is equivalent to Msg4 in 4-step RACH is necessary, for case 1 and case 2, HARQ-ACK feedback should be done by each UE that detects a successRARs addressed to it.

	Ericsson
	According to RAN2 agreements, there are two possibilities: 1) where RAR for one UE is carried in a msgB, possibly with an RRC message and 2) where RAR for multiple UEs is carried without an RRC message.   We think in possibility 1) that UE provides HARQ-ACK when scheduled with a msgB, while in possibility 2) the UE provides HARQ-ACK after successfully decoding successRAR.  Please see more details on the difference between HARQ-ACK operation for these two types of msgB transmission in section 2.2

	Motorola Mobility, Lenovo
	Note: 
· A unicast MsgB PDSCH is scheduled by a PDCCH addressed to C-RNTI
· A broadcast MsgB PDSCH is scheduled by a PDCCH addressed to MsgB-RNTI
UE can provide HARQ-ACK feedback for a unicast MsgB PDSCH (if MsgA includes C-RNTI) and for a broadcast MsgB PDSCH including one or more successRARs, one or more fallbackRARs, backoff indication, and/or a RRC message with one successRAR (if MsgA includes CCCH SDU)

	Google
	When UE successfully receives a successRAR and finds its contention resolution ID.

	Qualcomm
	UE will provide HARQ-ACK to BS under the following conditions: (1) UE has obtained a contention resolution ID that matches its identity; (2) UE has a valid timing advance; (3) UE has been assigned a PUCCH resource to transmit HARQ-ACK.
Note: For a random access procedure starting with msgA transmission, the contention resolution information may be provided in msgB or msg4 (if fallback to four-step RACH happens). In addition, when the contention resolution information is provided in msgB, it can be indicated in the SuccessRAR (msgB PDSCH) for RRC IDLE/INACTIVE UE, or be obtained from the CRC masking of msgB PDCCH.

	OPPO
	When UE can confirm the contention resolution is successful, i.e., the UE receive its successRAR in a MsgB, the UE feedback ACK.
The bebefit of ACK feedback is that the gNB could re-transmit the successRAR(s) in the RAR window that the gNB doesn’t receive the ACK feedback. 

	Apple
	If UE detect the MsgB with C-RNTI, UE provide the HARA-ACK feedback, if UE detect the contention resolution ID in msgB with MsgB-RNTI, UE only provides ACK feedback.



Email discussion proposal 2.1.1
[bookmark: _Hlk21597930]A UE shall provide HARQ-ACK feedback if it receives a MsgB that contains a successRAR addressed to this UE.


	Company
	View

	Ericsson
	In general: While I understand that the RAN2 procedures for where msgA contains CCCH vs. C-RNTI can be different, it seems better to state the proposals from a RAN1 perspective to avoid dependency on RAN2.  Also,, I interpret the cases here as information useful to understand the issues, but since they don’t address e.g. RRC, they are not an exhaustive list.  I personally think case 4 would help further clarify, but it’s probably not worth debating 😊.
For the first bullet (on msgA with CCCH): it’s a bit confusing to me why we list content other than successRAR in the proposed agreement, especially in the FFS bullet.  Is the proposal that UE would not send HARQ-ACK if it detects an RRC message, or is it simply to say that UE transmits HARQ-ACK if the UE finds a successRAR intended for it?  
For the second bullet, RAN2 is still sorting out UE specific msgB RNTIs (for example I believe this has been raised in the context of the ongoing email discussions in RAN2).  Perhaps one RAN1 related question is then how multiple single UE successRARs can be transmitted in one slot for an RO if a UE specific RNTI is *not* used.  If a group RNTI like RA-RNTI is the only one available, then we can’t transmit multiple successRARs with RRC for an RO in one slot, which can then mean the latency goes up such that we really don’t have 2 step operation anymore. This issue is in fact why RAN2 allow RRC to be included in my understanding.
Furthermore, how the UE transmits HARQ-ACK should be as the same for C-RNTI as for any UE specific RNTI.  So we don’t have to depend on RAN2 agreements, and when they sort out msgB RNTI, we can see if that has RAN1 impact for HARQ-ACK transmission.
So, can we go with a bit simpler proposal here, i.e.:
· A UE shall provide HARQ-ACK feedback if it receives a MsgB that contains a successRAR addressed to this UE.
· For a PDSCH scheduled by a PDCCH addressed to a UE specific RNTI, a UE shall provide HARQ-ACK feedback if it receives the corresponding PDCCH scrambled with its RNTI.
Feature lead comment:
I think that we should take the RAN2 agreements already made, into account when making new RAN1 agreements to avoid misalignment between RAN1 and RAN2.
When the MsgA has CCCH SDU, the response to MsgA is MsgB (either fallbackRAR or successRAR). 
When MsgA has C-RNTI, the response to MsgA can be a MsgB (fallbackRAR) or a downlink transmission addressed to the C-RNTI (I don’t think we strictly speaking call this MsgB as it doesn’t have the content of MsgB).
I think we should distinguish these two cases, as the second case could be treated like a normal downlink PDSCH transmission.
I am fine to remove the other content of MsgB, as long as it is understood that MsgB can contain other content in addition to the successRAR.
I have modified the proposed to be more inline with your suggestion.
Response to feature lead comment:
I think the differences in our proposals are that your proposal excludes UE specific RNTI other than C-RNTI, while ours leaves it open what UE specific RNTIs are supported.  I don’t think RAN2 agreements limit this at all, and again it is my understanding that this is still being discussed.  
Furthermore, can you explain why it is necessary to mention CCCH SDU in the first bullet?  If a UE receives a successRAR intended for the UE, it will provide HARQ-ACK regardless of whether msgA contains CCCH SDU or C-RNTI.  
Not to push our exact wording, but can you explain what is incorrect in our proposal?
Feature lead comment:
This proposal should be orthogonal to what RAN2 decides on RNTI. This proposal is just saying that when the UE finds its successRAR in MsgB, it provides HARQ-ACK feedback. The RNTI used should be transparent to this proposal.
Maybe we can go with a simplified proposal here saying: 
A UE shall provide HARQ-ACK feedback if it receives a MsgB that contains a successRAR addressed to this UE.
We keep the discussion on the RNTI separate from this proposal.

	ZTE
	Just clarify the case of SRB data in msgB. From my understanding from RAN2 agreement and common sense, in case of SRB data, there will be no multiplexing of multiple UEs. So case 4 in this section can be kept in the scenarios list and HARQ-ACK feedback is sure needed.

	Samsung
	We think the current proposal “A UE shall provide HARQ-ACK feedback if it receives a MsgB that contains a successRAR addressed to this UE” make sense with the understanding that the “address to this UE” meaning UE find the matched contention resolution ID in the successRAR.
Regarding the comments from E///, actually we have some questions:
Does the “UE-specific RNTI” has the same functionality as C-RNTI, i.e., can it be used for contention resolution? E.g., RAN2 has agreed that if msgA contains the C-RNTI, UE will monitor the PDCCH addressed to C-RNTI for RACH success and monitor a msgB-RNTI for fallbackRAR, so it means, UE will consider the 2step RACH is successful as long as it detects the PDCCH addressed to C-RNTI, even it is possible that such PDCCH scheduled a PDSCH but UE fails to decode, which will follow a normal HARQ procedure. Does the mentioned “UE-specific RNTI” have same function (that UE can regard the 2step RACH is successful once it detects a PDCCH address to such “UE-specific RNTI”)? If no, I don't think the “UE-specific RNTI” has the same level of “C-RNTI”; and BTW can E/// elaborate what is the “UE-specific RNTI”, especially in idle/inactive state?


	
	




2.2 HARQ-ACK Response
During the RAN1 discussion in RAN1#98 [1], the following was discussed:
· FFS: HARQ-ACK response can include:
· Alt 1: ACK only
· Alt 2: ACK or NACK
What is the company’s view on the HARQ-ACK response, whether only Ack is allowed or both Ack and Nack are allowed? And under which condition(s) to send HARQ-ACK feedback.

	Company
	Alternative
	Comments

	Nokia
	Alt1
	Similar to 4-step RACH in release 15, if a UE receives MsgB and finds its contention resolution ID, it sends the ACK for MsgB, otherwise no message is sent back to the gNB.
[bookmark: _Hlk18487692]In case there is no information in the MsgB DCI indicating presence of a successRAR addressed to the UE, and the UE fails decoding MsgB, sending NACK might not be feasible if the UE is not able to determine the PUCCH resource to use. Even if the UE can determine the PUCCH resource, sending a NACK increases the UL interference.

	Samsung
	Alt1
	Only ACK(positive acknowledgement) is needed for 2step RACH in Rel-16.

	ZTE
	Alt1
	NACK response will increase the unnecessary uplink signalling overhead as there may be multiple occasions of msgB for UE searching within the monitor window. 

	Sharp
	Alt1
	From our standing, UE could provide NACK only when the successRAR addressed to the UE.
According to RAN2 agreement, 
“2.successRAR cannot be split into more than one message (i.e.Contention resolution ID will also be included in successRAR).   ”
So if CRID is decoded correctly, the successRAR could be assumed received correctly, the UE could provide ACK. Otherwise, UE could not determine if the successRAR is addressed to it. 
Consequently, Ack only is reasonable.

	Panasonic
	Alt.1
	The successful decoding of TB is necessary to identify which preamble is intended for this Msg.B. In addition, the mechanism to differentiate PUCCH resource for ACK among multiple Ues is necessary. If indication of PUCCH resource is based on parameters in MAC PDU such as order of UE within MAC PDU, preamble ID, and so on, to derive PUCCH resource is impossible for NACK. Therefore, ACK only is reasonable.

	Intel
	Alt1
	This is similar to 4-step RACH procedure for the HARQ-ACK response of Msg4. For 2-step RACH, UE only needs to send ACK only if UE successfully decodes MsgB and finds the matched contention resolution ID. Otherwise, UE sends nothing. 

	Vivo
	Alt.1
	Only ACK is included in HARQ-ACK feedback.

	CATT
	Alt 1
	Only ACK is allowed.

	Huawei
	Alt1
	If a UE receives a MsgB and find its contention resolution ID, the UE can send ACK for MsgB. 
If a UE receives a MsgB and does not find its contention resolution ID, the UE should not send NACK, as there is no available PUCCH resource and it may receive another MsgB during the MsgB time window. 
If a UE detects the PDCCH for MsgB, but cannot decode the MsgB, the UE should not send NACK, as there is no available PUCCH resource. 

	Sony
	
	For the case that MsgB contains SuccessRAR of single UE (e.g. MsgB contains successRAR with SRB RRC message), Alt 2 would be beneficial because gNB can be aware of DTX in addition to ACK or NACK.
For the case that MsgB contains SuccessRAR of multiple Ues, this discussion is related to question 2.3. Alt 2 is applicable only if indication of PUCCH resource is derived only based on PDCCH.

	Ericsson
	Alt 1 and Alt. 2
	Agree with other companies that when multiple Ues’ RARs are multiplexed in msgB that only ACK or DTX should be used.
When a single UE is multiplexed in msgB and the UE is identifiable by the RNTI of the PDCCH, this is essentially the same as ‘normal’ PDSCH transmission. In this case transmitting both ACK and NACK is beneficial, particularly to cope with the larger sizes when RRC is carried in msgB.  In the single multiplexed case for idle/inactive, the UE ID in the CCCH SDU carried in msgA can be used to determine the RNTI for the UE, while C-RNTI can be used in RRC connected.

	Motorola Mobility, Lenovo
	Alt 1 & 2
	For a unicast MsgB PDSCH, transmits ACK or NACK.
For a broadcast MsgB PDSCH, transmits ACK only if both decoding and contention-resolution are successful. Otherwise no HARQ-ACK feedback transmission.

	Google
	Alt 1
	Only ACK is allowed

	Qualcomm
	Alt 1 
	FFS necessity/condition for Alt2.

	OPPO
	Alt 1
	Only ACK is enough.
For unicast msgB PDSCH, if ACK is not received by the gNB, the gNB could retransmit the msgB.

	Apple 
	Alt 1
	Considering the PUCCH resource is only available when UE find its conetnion resolution ID in msgB. So only ACK is allowed.



Email discussion proposal 2.2.1
[bookmark: _Hlk21598020][bookmark: _Hlk20325389]In case a UE receives a MsgB containing at least two successRARs, and one of these successRARs is addressed to this UE, the HARQ-ACK feedback can include ACK only. 
· FFS: if MsgB contains only one successRAR

Email discussion proposal 2.2.2
In case the response to MsgA is addressed to the C-RNTI,
· If response to MsgA has downlink data. UE can send ACK or NACK. 
· Valid TA required to send NACK.
· If response to MsgA is scheduling uplink data. There is no HARQ-ACK in this case.
· Note: Transmission of data on PUSCH is indication that UE completed contention resolution.

	Company
	View

	Ericsson
	On the comments that additional PUCCH resource or interference may be caused by NACK: our understanding is that PUCCH resource must be UE specific, and so once a resource is reserved for ACK, it can carry NACK.  Furthermore, if we assume 10% BLER, a UE would transmit NACK 9 times less than ACK, so additional interference from NACK does not seem significant.
Whether UE transmits NACK is dependent on whether the UE can determine its PUCCH resource without decoding PDSCH.  So, similar to section 2.1, we would prefer to avoid RAN2 issues and focus on RAN1 behavior.  Can we simplify to the following?
· A UE can transmit NACK if it determines its HARQ-ACK resource prior to decoding PDSCH.
· Otherwise, a UE transmits ACK when it successfully decodes successRAR intended for the UE
Feature lead comment:
The case that the UE can determine HARQ-ACK resource before PDSCH decoding is when there is a successRAR in the MsgB.
Even if the UE can determine PUCCH resource, it is not clear that it should send a NACK, what is the benefit of sending a NACK. In 4-step RACH Msg4 can determine the PUCCH resource before decoding the PDSCH but doesn’t send a NACK. What is the reason to change this for 2-step RACH?
I would like to distinguish between MsgB and PDSCH transmission addressed to the C-RNTI, the latter could be treated as a normal downlink PDSCH transmission.
Response to feature lead comment:
Sorry but I don’t understand your first comment.  If the UE’s HARQ-ACK resource is in successRAR in PDSCH it is not available before decoding PDSCH, but if the resource can be determined from DCI then the UE could use it for HARQ-ACK.  Perhaps you can clarify.
Regarding the second comment + question: msg4 is transmitted to UEs’ TC-RNTI, which is not strictly a UE specific RNTI, since UEs colliding on the same preamble have the same TC-RNTI.  Then when they transmit HARQ-ACK, they would both send it on the same PUCCH resource.  So sending NACK for msg4 does not seem particularly clean.
However, if we have a UE specific RNTI (such as one derived from the contention resolution ID in msgA), then we can uniquely determine HARQ-ACK resource from DCI.  In that case, the gains from having both NACK and ACK are the same as ‘normal’ PDSCH.  
Perhaps you are concerned that the UEs in idle/inactive may not have an accurate timing advance for NACK transmission, since the TA is also in the PDSCH.  Since msgA PUSCH may not have a good timing advance, we don’t see why PUCCH not having a good timing advance is really any different.  In fact, since gNB dynamically controls which PUCCH resources are used, it can select PUCCH resources to avoid mutual interference whereas this is not possible for POs.  Also, given the 1 bit payloads of HARQ-ACK, PUCCH is quite robust in 2-step scenarios.  The imperfect TA issue is also not a problem for sufficiently small cells, which in our understanding is the primary use case for 2-step RACH.
Overall, it doesn’t seem appropriate to narrow down what UE specific RNTIs are at this initial stage, and we would suggest a more general, RAN1-centric, proposal similar to what we have above.
Feature lead comment:
This proposal can be made orthogonal to the RAN2 discussion whether there is a UE specific RNTI or not. The fact that there is a UE specific RNTI should not be a driving factor to have NACK feedback. In RAN1 there are other consideration to consider, e.g. what the benefit in sending NACK compared to DTX in case the UE can’t decode the PDSCH and find its successRAR. As you mentioned, even when the UE has a PUCCH resource for sending NACK before decoding the PDSCH, it might not have a valid TA. Sending a PUCCH without a valid TA could cause interference to other time-aligned PUCCH transmissions sharing the same PRB (non-valid TA leads to loss of PUCC sequence orthogonality).
For a MsgB with 2 or more successRARs, I think that there is unanimous agreement to only send the ACK. I think that we can agree on that.
For the case of MsgB with a single successRAR, we need more discussions during the meeting to converge on a RAN1 solution.
I have updated the proposal accordingly.

	Samsung
	First of all, the current proposal doesn’t look reasonable to me, why we need to separate the cases based on # of successRARs? Does the msgB includes only one successRAR but multiple fallbackRAR, UE shall send NACK?

The key point to send HARQ-ACK is that whether UE could finish contention resolution or not, if it can, ACK is necessary; if it cannot, NACK is not necessary. Similar to msg.4, which is scheduled by PDCCH addressed to TC-RNTI (this is also UE-specific RNTI to me), it can also identify the PUCCH resource, but we did not ask to send NACK for msg.4, because the contention resolution is not done. If we talk about the C-RNTI  in msgA case, as RAN2 agreed, gNB could schedule UL grant (then ACK/NACK is not needed), or DL grant (which will follow normal HARQ procedure), due to in this case, the UE could regard the contention resolution is successful or not based on the PDCCH addressed to C-RNTI;

Besides, clearly there is a majority view that ACK only is needed. So the proposal could combine with the one in section 2.1 and become:
“A UE shall provide positive HARQ-ACK feedback if it receives a MsgB that contains a successRAR addressed to this UE.”


	Motorola Mobility, Lenovo
	We think UE behaviour should be same irrespective of the number of successRARs in MsgB. That is, a UE shall provide ACK as HARQ-ACK feedback information if it receives a MsgB that contains a successRAR addressed to this UE. If the UE does not receive a MsgB that contains a successRAR addressed to this UE and if the UE does not receive a PDCCH addressed to the C-RNTI as a response to MsgA, the UE does not provide HARQ-ACK feedback information.  

	
	




2.3 Indication of PUCCH resource for HARQ-ACK feedback

In the release 15 4-step RACH procedure, a UE transmits HARQ ACK feedback for Msg4 on a PUCCH resource from the PUCCH resource set provided by pucch-ResourceCommon signaled in the RMSI through an index to a row of Table 9.2.1-1 in TS 38.213 [3] in an initial UL BWP of  PRBs. The UE determines a PUCCH resource within the PUCCH resource set based on the PUCCH resource indicator (PRI) field in the DCI scheduling Msg4, and the starting CCE index of the corresponding PDCCH. The DCI provides additional timing information through parameter PDSCH-to-HARQ_feedback timing indicator, which determines the slot of the PUCCH resource.
When MsgB contains the successRAR of multiple UEs, each UE should have its own PUCCH resource to allow the gNB to uniquely distinguish the HARQ-ACK feedback of each UE.

How to indicate a unique PUCCH resource for each UE with a successRAR in MsgB?
· Option 1/1a: Explicit PUCCH resource signaling in the DCI based on:
· Option 1: DCI start CCE
· Option 1a:Reuse 1bit-“DAI” indication
· First UE: PRI and PDSCH-to-HARQ_feedback timing indicator in PDCCH scheduling MsgB
· Other UEs: UE PRI and/or PDSCH-to-HARQ_feedback timing indicator in PDCCH scheduling MsgB
· Alt1: PRI and PDSCH-to-HARQ_feedback timing indicator are unique to each UE
· Alt2: PRI is unique to each UE and PDSCH-to-HARQ_feedback timing indicator is common to all UEs.
· Alt3: PDSCH-to-HARQ_feedback timing indicator is unique to each UE and PRI is common to all UEs.
· Option 2/2a: Explicit PUCCH resource signaling in the MsgB PDSCH based on:
· Option 2: DCI start CCE
· Option 2a:Reuse 1bit-“DAI” indication
· Option 2b: PUCCH resource index, 
· First UE: PRI or  and PDSCH-to-HARQ_feedback timing indicator in PDCCH scheduling MsgB
· Other UEs: UE PRI or  and/or PDSCH-to-HARQ_feedback timing indicator in PDSCH of MsgB
· Alt1: PRI or  and PDSCH-to-HARQ_feedback timing indicator are unique to each UE
· Alt2: PRI or  is unique to each UE and PDSCH-to-HARQ_feedback timing indicator is common to all UEs.
· Alt3: PDSCH-to-HARQ_feedback timing indicator is unique to each UE and PRI or  is common to all UEs.
· Option 3/3a: Implicit PUCCH resource signaling based on:
· Option 3: DCI start CCE
· Option 3a:Reuse 1bit-“DAI” indication
· Option 3b: PUCCH resource index, 
· First UE: PRI or and PDSCH-to-HARQ_feedback timing indicator in PDCCH
· Other UEs implicit derivation based on position order of UE within MAC PDU.
The difference between option N and Na (N ∈ {1,2,3}) is whether to use 1-bit implicit indication based on the start CCE as in release 15 or use 1-bit DAI indication. The other resource signalling parameters remain the same,
Other options ….
· Option 4: Implicit PUCCH resource signaling in the MsgB PDSCH based on:
· DCI start CCE
PDSCH-to-HARQ_feedback timing indicator and PRI are common to all UEs
PUCCH resource index,  , is unique to each UE,  is calculated based on the PRI, index of a first CCE(DCI start CCE) and the C-RNTI included in the successRAR.  Multiple UEs’ PUCCH resource indices are randomized by C-RNTI.
· Option 5: Explicit PUCCH resource signaling in the MsgB PDSCH based on:
· DCI start CCE
· PRI and PDSCH-to-HARQ_feedback timing indicator are indicated separately for each UE in PDSCH of MsgB.

	Company
	Option
	Comments

	Nokia
	Option 3
	Option 3 has the least overhead, but it requires a rule for implicit derivation of the PUCCH resource.
Some RAN2 contributions [3] have indicated up to 19 successRARs in MsgB are possible. Using options 1 and 2, might increase the size of MsgB PDCCH and/or MsgB PDSCH, and/or limit the number of successRARs that can be multiplexed in MsgB.

	Samsung
	Modified
Option 2 or 3
[Option 2a or 3a]
	1. We modify the solutions by adding “reuse 1bit-‘DAI’ indication”, it can combine with 3-bits PRI indication to have full flexibility indication of PUCCH resource. While using “DCI start CCE” as part of the PUCCH resource indication could suffer from the PDCCH blocking issue due to limitation of the possible PDCCH positions in a given search space. This issue will become much severer since it is possible that 2step RACH msgB will may share the CORESET/search space for PDCCH(s) of 4step RACH msg.2 or msg.4, or even RMSI. Thus, re-using one bit in the DCI format (together with the 3bit PRI) could enjoy the full flexibility of PUCCH resource indication and will not have impact (especially limits) for PDCCH position. Thus, we prefer to reuse 1bit-‘DAI’ indication instead of DCI start CCE.
2. For option 2 and 3, indeed option 3 could save overhead, but since the successRAR will not include the UL grant, thus it is also possible to include the PUCCH resource indication in the successRAR which could enjoy the full flexibility for each UE, e.g., 4-bit indication. And option 3 needs to define an implicit derivation rule while option 2 needs MAC sPDU content change (addition)

	ZTE
	Option 4
	Option 4 reuses the Rel-15 common PUCCH resource indication and the common PUCCH resource indication combines with the C-RNTI in the successRAR to randomize the PUCCH resource of multiple UEs.
There is no additional overhead, only has some slight restriction on the C-RNTI generation to avoid the PUCCH resources collision. The C-RNTI generation is gNB implementation issue.

	Sharp
	Option 2 

	We prefer explicit PUCCH resource signalling for each UE to make sure gNB has flexibility to allocate the PUCCH resource for each UE. Option 1 could bring overhead in DCI



	Panasonic
	Option 3
	We think either Option 1, 2 or 3 can work, but we agree with Nokia that Option 3 is less overhead.

	Intel
	Option 2b
	As mentioned in Section 2.1, only for UE who receives successRAR in MsgB with matched contention resolution ID, it needs to provide ACK feedback of MsgB. For UE who receives fallbackRAR in MsgB, UE does not need to provide HARQ-ACK feedback. In this regard, this is more desirable to indicate PUCCH resource explicitly in the successRAR only, which is similar to UL grant in fallbackRAR which can be used for MsgB response. 
In RAN2, it is currently under Email discussion on the size of successRAR. When msgA contains CCCH, most likely 12 bits TA command, 48 bits UE contention resolution ID will be included in MsgB. In our view, including 4 bits PUCCH resource ID would not substantially increase payload size of successRAR with/without RRC message. Meanwhile, it can provide full flexibility on the PUCCH resource indication from system perspective. 
Option 1 may not be appropriate given the fact that the size of fallback DCI is limited. Further, if the number of successRAR multiplexed in msgB is large, the size of DCI format due to explicit indication for all UE with successRAR may be increased substantially. This may lead to potential DCI size match issue and extra PDCCH blind decoding. 
For Option 3, although it may help save signalling overhead, implicit rule may need to be carefully designed in order to avoid PUCCH resource collision, especially when considering the HARQ-ACK feedback for msg4 in 4-step RACH. The negative impact on latency system needs to be avoided for the design. 

	vivo
	Option 5
	We propose to support option 5. PUCCH resource information including PRI and PDSCH-to-HARQ_feedback timing indicator are indicated by PDSCH of MsgB.
Since msgB may include successRAR of multiple UEs, it is not feasible to indicate individual PUCCH resource in the DCI scheduling msgB. 
PUCCH resource can be indicated by PDSCH of msgB for each UE with successRAR. If successRAR include PUCCH resource for a UE, there is no need for DCI to indicate a PUCCH resource individually for the first UE. Besides, explicitly indication of PUCCH resource in msgB can provide full flexibility than defining implicit rule.
On the other hand, it should be decided whether the DCI format scheduling msgB with RAR (successRAR or fallbackRAR) of multiple UEs includes PRI and/or PDSCH-to-HARQ_feedback timing indicator or not. In Rel.15, DCI format 1_0 scrambled with RA-RNTI scheduling msg2 does not include PRI and/or PDSCH-to-HARQ_feedback timing indicator field in the DCI, while DCI format 1_0 scrambled with TC-RNTI scheduling msg4 does include PRI and/or PDSCH-to-HARQ_feedback timing indicator fields in the DCI. For msgB, it is more like msg2 transmission which is carrying RAR of one or multiple UEs. Therefore, a DCI format similar to msg2 PDSCH scheduling DCI with RA-RNTI is more appropriate for msgB PDSCH scheduling. 

	CATT
	Option 3
	We prefer option 3 which requires less overhead in PDCCH and/or PDSCH. Compared with option 4, it has no restriction on C-RNTI allocation which is more flexible and simpler at gNB side.

	Huawei
	Option 5
	We support Option 5.
The PUCCH resource indication, i.e., PRI, and PDSCH-to-HARQ_feedback timing indicator, can be indicated in PDSCH of MsgB. The MAC SubPDU format should be the same for all the UEs, and there is no need to distinguish whether the UE is the first UE or not. The overhead reduction can be limited by indicating the PUCCH information of first UE in DCI, compared with the length of other fields, i.e., contention resolution ID, TA command, and TC-RNTI.

	Sony
	Option 3 or 4
	Option 1 should be avoided due to a large amount of DCI overhead. Although option 2 has the benefit to indicate PUCCH resource flexibly, signalling overhead is still increased. In addition, option 2 would never apply soft combining to MsgB because payload is always different due to the field indicating PUCCH resource.
Therefore, we support implicit PUCCH resource signalling. It can be further studied which of option 3 or 4 will be supported.

	Ericsson
	Option 2 (FFS details such as 2/2a/2b)
	We prefer to avoid defining new DCI in Rel-16 unless shown necessary and find the flexibility/overhead tradeoff of signalling the PUCCH resources in msgB to be desirable.  Carrying the PUCCH resource allocation in DCI is needed when one UE is multiplexed in msgB.

	Motorola Mobility, Lenovo
	Option 2/5 or 4 
	We propose to discuss further details and pros/cons based on explicit/implicit PUCCH resource signaling in a broadcast MsgB PDSCH. 

	Google
	Option 3/3a Option 2/2a

	We prefer Option-3/3a or Option-2/2a.
We prefer Option-3/3a which is simple and without increasing much overhead. The implicit rule for identifying the PUCCH resource indicator would be needed in this case.
On the other hand, we also prefer Option-2/2a due to the advantage of explicit indication and more flexibility for PUCCH assignments.  RAN1 needs to check with RAN2 if there is a concern to include the 4 bits in the successful RAR.

	Qualcomm
	Option 2
	We don’t think it is necessary to introduce new DCI format for PUCCH resource allocation. Depending on the RRC state of UE and the status of fall-back, the PUCCH resource indication can be provided by: (1) PDCCH (re-using DCI format 1_0, with CRC masked by C-RNTI or TC-RNTI)  (2) msgB PDSCH 

	OPPO
	Option 2/option 3
	The PUCCH resource could be indicated in msgB PDSCH and the total overhead shall be as less as possible.
Option 3 also can be considered if the resource overhead is one issue depending on the MAC PDU format design by RAN2.

	Apple
	Option 5
	We prefer option 5, it’s simple solution and provide the full flexibility to allocate the PUCCH resource.



This is the vote for each option:
· Option 1: 0 – This option is eliminated
· Option 1a: 0 – This option is eliminated
· Option 2: 2.91
· Option 2a: 1.08
· Option 2b: 1.33
· Option 3:  3.75
· Option 3a: 0.75
· Option 3b: 0 – This option is eliminated
· Option 4: 1.83
· Option 5: 2.33

Based on the views expressed, including the PUCCH resource of each UE in the DCI can be eliminated due to overhead. 
The various options can be combined into three decision points:
· Whether a common PUCCH resource can be signaled in the MsgB DCI e.g. to be used for one of the UEs with successRAR (e.g. UE lowest MAC subPDU position) and/or as a reference for determining the PUCCH resources of the other UEs.
· Whether PUCCH resources can be signaled in MsgB PDSCH or determined implicitly (e.g. based on UE position in MAC PDU or C-RNTI or some other criteria)
· If a common PUCCH resource is signaled in the DCI, how to signal this common resource.

Email Discussion proposal 2.3.1
[bookmark: _Hlk20386506]For CCCH, where MsgB consists of multiple MAC subPDUs carrying, at least one successRAR, zero or more fallbackRAR and zero or more backoff indication:
· For the PUCCH resource used to carry the MsgB HARQ-ACK from UEs with successRAR in MsgB, further study and down select from the following options
· Option 1.1: Common PUCCH resource parameter(s) are signalled in the DCI used to schedule MsgB.   [Option 2/2a/2b, 3/3a/3b, 4]
· The common PUCCH resource parameters can indicate the PUCCH resource of UE X
· FFS UE X. For example, UE X can be the UE with a successRAR that has the lowest position order in the MAC PDU, or the highest position order in the MAC PDU, or that with an RRC message.
· Option 1.2: The PUCCH resource is only signalled in the MsgB PDSCH.    [Option 5]    
· For the PUCCH resources used to carry the MsgB HARQ-ACK from UEs with successRAR in MsgB, further study and down select from the following options
· Option 2.1: The PUCCH resources are signalled in the MsgB PDSCH.    [Option 2/2a/2b, 5]
· Option 2.2: The PUCCH resources are based on parameters signalled in the DCI used to schedule MsgB and implicitly determined based on:
· Option 2.2.1: The position order of the UE within the MAC PDU. [Option 3/3a/3b]
· Option 2.2.2: The C-RNTI included in MsgB   [Option 4]
· Option 2.2.3: Other implicit mapping options. [Option 3/3a/3b]
· For the PUCCH resource signalled in the DCI used to schedule MsgB, if any, further study and down select from the following options:
· Option 3.1: Use the release 15 method, i.e. based on start CCE, 3-bit PRI and 3-bit PDSCH-to-HARQ_feedback timing indicator [Option 2, 3, 4]
· Option 3.2: Based on 1-bit reusing the DAI indication, 3-bit PRI and 3-bit PDSCH-to-HARQ_feedback timing indicator   [Option 2a, 3a]
· Option 3:3 [3]-bit PUCCH resource index and 3-bit PDSCH-to-HARQ_feedback timing indicator. [Option 2b, 3b]


	Company
	View

	Nokia
	Option 1.1, Option 2.2.1 and Option 3.1

	Ericsson
	Option 1.1, FFS on option 2.1 vs. 2.2.1 or 2.2.3, and 3.1
· Option 1.1 makes sense to us.  Option 1.2 is an optimization saving a few bits DCI when we anyway need a large number of bits for PDSCH resource allocation, and precludes the ability to send NACK for the single multiplexed case.
· Option 2.1 maximizes PUCCH resource allocation flexibility at the cost of additional PRI bits in PDSCH.  Option 2.2.1 (or equivalently 2.2.3 with e.g. RAPID determining the order) saves PDSCH overhead and at the cost of PUCCH resource allocation flexibility.  The amount of PUCCH performance lost from 2.2.1 or 2.2.3 is not immediately clear, but on the other hand the amount of PDSCH resource savings is not likely to be large.  So we are considering this issue further.
· Relative to option 3.3, option 3.1 gives slightly better resource allocation for (at least) UE1 due to the use of implicit resource allocation to convey one bit, and its can be a baseline approach since it is used in Rel-15.  Option 3.3 would then be our second choice.

	Qualcomm
	Option 1.1, Option 2.1, Option 2.2.1 or 2.2.3, Option 3.1

	ZTE
	Option 1,1, Option 2.2.2 and Option 3.1

	Apple 
	Option 1.2, Option 2.1

	Samsung
	In a way, the previous listed options seems more clear because each of them is a complete solution, and the newly listed options are more like options for a function module of the solution; so even we made selection based on feature lead newly listed options, but we think during the meeting, it is better to discuss based on each complete solution. 
Option 1.1&1.2, option 2.1&  2.2.1 or 2.2.3, option 3.2

	Motorola Mobility, Lenovo
	For flexible PUCCH resource scheduling, we think that the spec should allow gNB to schedule PUCCHs with different resource indices and different PDSCH-to-HARQ feedback timing values. Thus, we propose the followings:
· 3-bit PRI included in a successRAR of MsgB PDSCH (A PUCCH resource index is determined based on PRI and a starting CCE as in Rel-15)
· 3-bit PDSCH-to-HARQ feedback timing is indicated in DCI, and a feedback timing offset (1 or 2 bits) in terms of a number of slots/sub-slots) can be indicated in each successRAR of MsgB PDSCH. 






2.4 Support of Soft Combining for MsgB retransmissions
If MsgB contains the successRAR of one or more UEs and no HARQ-ACK feedback is received for MsgB, the network can retransmit MsgB with the same payload. In this scenario soft combining of the MsgB retransmission is possible at the UE.
In other scenarios if MsgB contains successRAR of more than one UE, and the HARQ-ACK feedback is received from some UEs only, the network can retransmit MsgB with a different payload including the successRAR of the UEs from which no HARQ-ACK feedback is received. In this scenario soft combining of the MsgB retransmission is not possible at the UE.
Should soft combining of MsgB retransmissions be supported?
If yes, mechanisms to support soft combining.

	Company
	Comments

	ZTE
	Not supporting the soft combination of MsgB retransmissions or let it be the UE implementation issue. 
In Rel-15, the msg2 content is decided by the gNB itself, and gNB has the flexibility to determine the msg2 how to multiplex multiple UEs.
The same gNB flexibility should be allowed to how to multiplex multiple UEs in msgB. 
If msgA contains CCCH, UE can’t expect the second MsgB transmission payload is same with the first transmission as the msgB content depends on the gNB implementation. The first msgB may include only UE1 successRAR, and the second MsgB may include UE2 successRAR, although the msgB PDCCH of two UEs are both scrambled by the same RA-RNTI. 
UE can not soft combine the msgB PDSCH after the UE distinguishes its successRAR.
If msgB PDCCH is addressed by C-RNTI, it is obvious that the msgB is UE specific signalling and the retransmission could be soft combined by the UE, but it is a UE implementation issue.

	Sharp
	Not supporting soft combining. Soft combining makes sense only when the MSGB addressed to the UE. However, before decoding the MSGB correctly, UE could not identify that. 

	Panasonic
	It is up to UE implementation.
If Msg.B PDCCH is addressed by C-RNTI (i.e. scrambled by C-RNTI), Msg.B is UE-specific signalling and retransmission could be soft combined by the UE. For this case, it is possibility that UE also send NACK to gNB. On the other hand, not to send NACK to gNB also work. If no ACK is received, gNB think UE is NACK. Such design can be more commonality with the case that CCCH SDU was included in Msg.A.

	Nokia
	Soft combining of MsgB retransmissions, if possible, at the UE can provide improved reception performance. 
As a MsgB retransmission can have different payload from the previous MsgB transmission, in such cases it is not possible to soft combine the new MsgB transmission with the previous MsgB transmission(s).
However, if MsgB retransmission has the same payload as the previous MsgB transmission (for example MsgB contains the successRAR of a single UE), in this case the UE can perform soft combining.
After receiving the DCI of a MsgB retransmission, the UE can determine whether the payload of the MsgB retransmission is the same as that of the previous MsgB transmission based on an indication in the DCI. If the DCI indicator point to the same payload, it is up to UE implementation to perform or to not perform soft combining.

	Intel
	It is up to UE implementation on whether/how to perform soft-combining. 
When MsgA includes CCCH, gNB may choose same or different payload/contents for msgB retransmission. In case when gNB selects the same payload, it seems more appropriate to indicate this to UE, so as to allow UE to perform the soft-combining and thus improve the performance. 
When MsgA includes C-RNTI, MsgB is scheduled by PDCCH scrambled with C-RNTI. In this case, soft-combining is always possible given that it is UE specific scheduling. 

	vivo
	Soft combining of msgB is not supported. 
If msgB soft combining would be used, same payload in msgB needs to be retransmit even gNB receives ACK from part of targeted UEs. This results in inefficient resource utilization.
From UE perspective, UE is not able to distinguish a msgB content until msgB is successful decoded. Thus, UE does not know whether the received msgB is the same as the previous one or not. Therefore, soft combining of msgB is not feasible.

	CATT
	It is up to UE implementation to determine whether to do soft combining if MsgB is addressed by C-RNTI. For other cases, soft combining is not supported.

	Huawei
	Up to UE implementation

	Sony
	Soft combining of MsgB is beneficial for improving received signal quality.
Although it is up to UE implementation whether MsgB is soft-combined, mechanism to distinguish whether payload in the MsgB is the same or different is needed. NDI could indicate whether payload in the MsgB is the same or different from previous MsgB.

	Ericsson
	UE should soft combine when it can transmit NACK (i.e. for the single multiplexed UE case).  Soft combining seems less likely to be beneficial when multiple UEs are multiplexed in msgB, since this may require retransmission of successfully as well as unsuccessfully received RARs. 

	Motorola Mobility, Lenovo
	Support soft-combining only for a unicast MsgB PDSCH.

	Google
	For MsgB addressed by C-RNTI and MsgB addressed by msgB-RNTI, the soft combining should be supported. It would be inefficient if soft combining is not supported. gNB should have freedom to decide if a new transmission or a retransmission is used. gNB can indicate a HARQ transmission is a new transmission or retransmission in NDI in the DCI scheduling a msgB.  

	Qualcomm
	It is up to UE implementation.

	OPPO
	It is up to UE implementation. 

	Apple
	Soft combing is only valid for UE that msgB is addressed by C-RNTI, otherwise the soft combing is not supported.



Four companies don’t support soft combining of MsgB. Three companies supports soft combining only if MsgB is addressed to the C-RNTI. One company supports soft combining if UE can transmit a NACK in response to MsgB. Seven companies support leaving soft combining up to UE implementation if the gNB re-transmits MsgB with the same payload, with a mechanism to indicate to the UE if the MsgB payload is the same.
Email offline proposal 2.4.1
· [bookmark: _Hlk21598140][bookmark: _Hlk20386700]For a MsgB re-transmission associated with a MsgA with CCCH, the network can indicate to the UE if the payload of the re-transmitted MsgB is the same as that of the previous MsgB transmission. If the retransmitted MsgB has the same payload, it is up to the UE implementation whether or not to can perform soft combining.
· FFS: Indication of same payload in re-transmitted MsgB.
· For a downlink re-transmission with PDDCH addressed to C-RNTI associated with a MsgA with C-RNTI, it is up to UE implementation whether or not to perform soft combining.

	Company
	View

	Nokia
	For a MsgB re-transmission associated with a MsgA with CCCH, the “new data indicator” field of the DCI can be used indicate if the payload is the same as that of the previous MsgB transmission or not. Furthermore, other parameters such as the “HARQ process number” and transport size derived from DCI parameters should be consistent between the two transmissions of MsgB

	Ericsson
	Regarding whether soft combining can be UE implementation: won’t the gNB scheduler then have to assume UE does not use soft combining and schedule a greater amount of msgB PDSCH resource needed than for when soft combining is required?  Note that MAC requires the UE to store soft bits for ‘normal’ UE specific PDSCH scheduling, and so specifying soft combining was found necessary in Rel-15 for that case.
Similarly, when NACK is not transmitted for msgB (in UE specific case), the gNB will not know that the UE received the PDCCH, nor if the UE has stored msgB soft bits.  This artificially limits the knowledge gNB can use for PDCCH and PDSCH resource allocation compared to ‘normal’ UE PDSCH scheduling with UE specific RNTIs.  
We’d therefore suggest the following (following the same RAN1-centric approach):
· NDI can be indicated in DCI that schedules PDSCH carrying msgB
· If the UE transmits NACK in response to msgB, it stores msgB soft bits.

	ZTE
	Additional clarification: In case of successRAR with SRB (note: this case is included in the first bullet in offline proposal), this can be regarded as unicast msgB PDSCH. UE is possible to soft-combine. It is also up to UE implementation if there is indication of same payload in re-transmitted MsgB. This is the case that we think the soft combing can be supported up to UE implementation. 
In other case which multiple UEs’ successRARs multiplexed in one msgB, from gNB side, we prefer not retransmitting the same payload with the first transmission for gNB scheduling flexibility and  efficient resource utilization as no need to retransmit the successfully received successRARs again. 

	Samsung
	For current 4step RACH case, the PDCCH scheduling msg.4 contains the 1-bit NDI, it is capable for the gNB to send the re-transmission. But we can simplify the wording as:
“the network can indicate the retransmission of msgB by 1-bit NDI to allow soft-combing at UE side.”

	Motorola Mobility, Lenovo
	gNB can enable or disable support of UE’s HARQ combining of MsgB PDSCH via higher-layer signaling, depending on deployment and/or usage scenarios (e.g. a cell size, expected average number of UEs performing 2-step random access procedures per MsgA occasion, a number of active UEs and PDCCH capacity). 
For example, HARQ combining of MsgB PDSCH may be disabled, if an average number of UEs performing 2-step random access procedures per MsgA occasion is high. With a large number of UEs performing 2-step random access procedures per MsgA occasion, the MsgB MAC PDU size is expected to be large. Thus, re-transmission of the same MsgB MAC PDU may not be efficient. Instead, gNB may re-transmit successRARs for which corresponding HARQ-ACK feedback are not successfully received.      
UE can interpret DCI field information of a DCI format differently depending on enabling/disabling of support of HARQ combining of MsgB PDSCH.



2.5 DCI Format of PDCCH scheduling MsgB

In release 15, Msg2 is scheduled by DCI Format 1_0 with CRC scrambled by RA-RNTI. Msg4 is scheduled by DCI Format 1_0 with CRC scrambled by TC-RTNI. The structure of these DCIs is different as described in TS 38.212 section 7.3.1.2.1. MsgB is a combination of Msg2 content and Msg4 content.

What is the format and structure of the DCI used to schedule MsgB
Option 1: The DCI scheduling MsgB is DCI format 1_0, with a structure similar to release 15 DCI format 1_0 with CRC scrambled by RA-RNTI.
Option 2: The DCI scheduling MsgB is DCI format 1_0, with a structure similar to release 15 DCI format 1_0 with CRC scrambled by TC-RNTI.
Option 3: The DCI scheduling MsgB is DCI format 1_0, with the contents identified to be necessary for 2step RACH, which could use the contents in release 15 DCI format 1_0 with CRC scrambled by RA-RNTI/TC-RNTI as starting point.
… (other options)


	Company
	Option
	Comments

	Nokia
	Option 2
	The structure of DCI format 1_0 with CRC scrambled by RA-RNTI doesn’t support PUCCH resource indication, while DCI format 1_0 with CRC scrambled by TC-RNTI has PUCCH resource indication field, which can be used in the determination of the PUCCH resource index of the UEs with successRAR in MsgB
We can discuss further if all the fields of option 2 are needed or some of them can be reserved.

	Ericsson
	
	Starting with fields used with TC-RNTI seems a good direction, but we are not sure that fields (e.g. TB scaling) from RA-RNTI should be excluded.  

	Qualcomm
	Option 1 when msgB PDCCH is transmitted in CSS;
Option 2 when msgB PDCCH is transmitted in USS
	For RRC CONNECTED UE, if its msgA payload can be successfully decoded, BS will transmit a msgB PDCCH in USS.

	OPPO
	Option 2
	DCI format 1_0 with CRC scrambled by TC-RNTI could be the starting point.

	ZTE
	To be discussed after the section 2.3 and 2.4
	Whether the PUCCH and HARQ related fields will be included in the DCI to schedule msgB addressed by msgB-RNTI depends on the discussion result of indication of PUCCH resource in section 2.3 and soft combining in section 2.4. If the PUCCH and HARQ related information are not needed in DCI, the DCI similar to DCI format 1_0 with CRC scrambled by RA-RNTI is enough. If the PUCCH and HARQ related information are needed in DCI, the DCI similar to DCI format 1_0 with CRC scrambled by TC-RNTI should be considered.
While it is clear that the DCI format 1_0 with CRC scrambled by C-RNTI is used when PDCCH addressed to C-RNTI, in this case no new specification work is needed. 

	Apple 
	Option 2
	The DCI format content for MsgB is the similar as the content of CRC scrambling with TC-RNTI.

	Samsung
	Option 3
	Clearly, original option 1 and 2 are using the fallback DCI format 1_0, so the key agreement is that we are still using DCI format 1_0 for the PDCCH of msgB. As to the contents should be in the DCI, we can use these in the msg.2 PDCCH or msg.4 PDCCH as the starting point, to identify which one is necessary or not, and if any new field need to be added.

	Motorola Mobility, Lenovo
	Option 3
	Based on DCI format 1_0 with CRC scrambled by RA-RNTI, a couple of additional fields (PDSCH-to-HARQ_feedback timing indicator, NDI, and RV) can be included. 




2.6 TPC Command for PUCCH

In release 15, the DCI scheduling a downlink transmission to be acknowledged on a PUCCH resource includes a TPC command for controlling the power of the PUCCH resource. In 2-step RACH a single MsgB can include the successRAR of multiple UEs, each of which can send a HARQ-ACK on a different PUCCH resource after successfully receiving its contention resolution ID in the successRAR. These Ues can have different propagation loss, and hence potentially could require different TPC commands.

Whether and how TPC command for a PUCCH resource used to acknowledge a MsgB transmission with a successRAR is signalled to the corresponding UE?

	Company
	Comments

	Ericsson
	Including the TPC bits in DCI for the single multiplexed UE case seems straightforward.  TPC bits would likely be beneficial in the multiple UE case as well, but in that case the PC bits should be in successRAR.

	Qualcomm
	Similar to PUCCH resource indication/allocation, TPC for PUCCH can be carried in DCI (format 1_0, with CRC masked by C-RNTI or TC-RNTI), or in msgB PDSCH.

	ZTE
	We can discuss it based on the PUCCH resource indication agreement. The principle of indication of TPC command may be similar to PUCCH resource indication. 

	Motorola Mobility, Lenovo
	PUCCH TPC command should be UE-specific. Thus, it can be included in each successRAR of MsgB PDSCH.





2.7 Other considerations for MsgB HARQ-ACK feedback

	Company
	Other considerations

	Huawei
	TPC command for PUCCH is also related. We are fine to discuss it either way, within this email thread or to the next meeting.

	Motorola Mobility, Lenovo
	We think RAN1 should discuss whether a common PUCCH resource set is used for both 4-step RACH and 2-step RACH, or separate common PUCCH resource sets can be configured for 4-step RACH and 2-step RACH, respectively. 
We think that gNB should be able to indicate a CSI request in successRAR of MsgB if gNB has DL data for a UE. If requested, the UE can include a CSI report together with HARQ-ACK information in a PUCCH resource. A different PUCCH resource set can be selected, depending on whether the CSI report is requested or not.   




3. Conclusion
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