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Introduction
During the RAN1#110b-e meeting, RAN1 agreed on the following [1]–[3]:

Agreement: For NCR-MT which can support adaptive beams in C link, 
· Rel-15 beam indication framework can be reused.
· Rel-17 beam indication framework (i.e., the unified TCI) can be reused as well, if the NCR supports. The gNB can configure the unified TCI for the NCR-MT, if the NCR-MT supports.

Agreement: To support CSI measurement/reporting mechanisms for NCR-MT in C-link
· The necessary legacy mechanism for receiving CSI-RS is reused for NCR-MT.
· The necessary legacy mechanism for reporting CSI is reused for NCR-MT.
· FFS: The details of the necessary mechanisms will be further discussed and decided.
· Note: this does not mean all the legacy procedures for receiving CSI-RS and reporting CSI will be supported. 

Agreement: HARQ-ACK feedback for PDSCH carrying the side control information from higher layer (e.g., MAC-CE, RRC) is supported. The legacy HARQ-ACK feedback mechanism is reused.
· FFS: Whether HARQ-ACK feedback for PDCCH carrying side control information is supported
· Note: This does not mean all legacy HARQ-ACK feedback mechanism will be supported.

Agreement: PUCCH and PUSCH are supported for NCR-MT.

Agreement: The TA adjustment mechanism of legacy UEs is supported for NCR-MT in C link.

Agreement: To support the sounding procedure for NCR-MT in C link, the necessary mechanism of legacy UE sounding procedure is supported.
· FFS: The details of the necessary mechanism of legacy UE sounding procedure.
· Note: This does not mean all legacy UE sounding procedure will be supported.

In this contribution, we focus on the RAN1-related aspects. In particular, we discuss adopting HARQ-ACK feedback for PDCCH carrying side control information. 


Discussion
HARQ-ACK feedback mechanism for PDCCH
Companies discussed acknowledgment mechanisms for side control information (SCI) signaling in RAN1#110b-e. More concretely, companies agreed to use HARQ-ACK feedback for PDSCH carrying SCI from higher layers (i.e., MAC-CE, RRC). However, HARQ-ACK feedback for PDCCH carrying SCI from layer 1 (i.e., DCI):
Agreement: HARQ-ACK feedback for PDSCH carrying the side control information from higher layer (e.g., MAC-CE, RRC) is supported. The legacy HARQ-ACK feedback mechanism is reused.
· FFS: Whether HARQ-ACK feedback for PDCCH carrying side control information is supported
· Note: This does not mean all legacy HARQ-ACK feedback mechanism will be supported.

HARQ-ACK feedback of PDCCH is not a new feature, it appears. As pointed out by some companies, this mechanism is part of Rel17. In particular, a UE generate one HARQ-ACK information bit if it receives a PDCCH indicating an SPS PDSCH release [6]:
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Although said mechanism exists in Rel17, it is not generally applied but only to a specific use case. 
Observation 1. [bookmark: _Ref118655131] The HARQ-ACK feedback for PDCCH of Rel17 applies only to a particular use case.
In more detail, the HARQ-ACK feedback for PDCCH mechanism of Rel17 applies to the release of semi-persistently scheduled (SPS) resources. In this case, the network needs to ensure that the UE has released said SPS resources before allocating them to another UE. This is not necessarily the case for the NCR. For example, SCI signaling carrier on PDCCH, i.e.., via DCI, may be used to indicate beam information or time-domain (TD) resource information, e.g., for forwarding UE-specific traffic in one or more slots. Now, per agreement [1] –[3], the default behavior of the NCR is to not forward traffic. Thus, if the DCI packet is lost, then the NCR-Fwd does not forward any packet during the slot(s) indicated in the lost DCI packet. The gNB (or the UE) eventually detects this loss: no traffic PDSCH or PUSCH was forwarded, and the associated HARQ information is missing. A retransmission follows. In the NCR case, the effect of the missing DCI is restricted to a single gNB-UE link, and there is no risk of collision with traffic from other gNB-UE links. 
Observation 2. [bookmark: _Ref118655165] The use cases envisioned for HARQ-ACK feedback for PDCCH might not apply to NCRs. In particular, the HARQ processes on top of the forwarded traffic eventually detect the loss of a DCI indicating beam information of TD resource information. It does not affect other traffic.  

Suppose now that HARQ-ACK feedback for PDCCH indicating beam information or TD resource information for the NCR-Fwd access link is adopted. Some questions arise:
· What shall the network do when a HARQ-ACK is missing? First, the network can retransmit the DCI, but this strategy seems only useful if the HARQ-ACK is scheduled to arrive back at the gNB before the DCI takes effect at the NCR-Fwd. (Otherwise, the network needs to schedule resources anew, and the ordinary HARQ process would likely detect the missing PDSCH or PUSCH packet, anyway.) Second, the presence of the ACK appears to increase the latency of the NCR-Fwd links, at least on two accounts: 
· as explained above, the DCI needs to be sent well in advance so that the gNB may have a chance at resending the DCI should it be lost;
· the NCR must wait until UL slots/symbols are available to send the HARQ-ACK feedback.
· Is the NCR-MT allowed to transmit HARQ-ACK feedback after the NCR-Fwd has applied the DCI to the access link? For example, the DCI may relate to some DL slots occurring before the UL slots/symbols scheduled for transmitting the HARQ-ACK feedback.

Observation 3. [bookmark: _Ref118655181] Adopting HARQ-ACK feedback for PDCCHs carrying SCI might increase the NCR-Fwd access link’s latency. For example, to send the HARQ-ACK feedback, a UE must wait until UL slots/symbols are available.

We note, however, that there may be cases where the advantages of introducing HARQ-ACK for SCI-carrying PDCCHs may outweigh the disadvantages. One such case is when the DCI packet carries an indication that has a permanent effect. For example, the network might use a dynamic DCI indication to permanently (or, at least, until further notice) switch off a periodic beam configuration, e.g., for forwarding SSBs. In such a case, the network must know that the DCI was received correctly.
Proposal 1. [bookmark: _Ref118655196] HARQ-ACK feedback for PDCCHs carrying SCI should only be adopted for DCI having a permanent effect on the NCR-Fwd access link, such as DCIs switching ON or OFF a periodic beam indication until further notice.

[bookmark: _Hlk47387515]

Conclusions
We made the following observations and proposals:
Observation 1. The HARQ-ACK feedback for PDCCH of Rel17 applies only to a particular use case.
Observation 2. The use cases envisioned for HARQ-ACK feedback for PDCCH might not apply to NCRs. In particular, the HARQ processes on top of the forwarded traffic eventually detect the loss of a DCI indicating beam information of TD resource information. It does not affect other traffic.
Observation 3. Adopting HARQ-ACK feedback for PDCCHs carrying SCI might increase the NCR-Fwd access link’s latency. For example, to send the HARQ-ACK feedback, a UE must wait until UL slots/symbols are available.
Proposal 1. HARQ-ACK feedback for PDCCHs carrying SCI should only be adopted for DCI having a permanent effect on the NCR-Fwd access link, such as DCIs switching ON or OFF a periodic beam indication until further notice.
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9.1 HARQ-ACK codebook determination

If a UE is provided pdsch-HARQ-ACK-CodebookList, the UE can be indicated by pdsch-HARQ-ACK-CodebookList to
generate one or two HARQ-ACK codebooks. If the UE is indicated to generate one HARQ-ACK codebook, the HARQ-
ACK codebook is associated with a PUCCH of priority index 0. If a UE is provided pdsch-HARQ-ACK-CodebookList,
the UE multiplexes in a same HARQ-ACK codebook only HARQ-ACK information associated with a same priority
index. If the UE is indicated to generate two HARQ-ACK codebooks

- afirst HARQ-ACK codebook is associated with a PUCCH of priority index 0 and a second HARQ-ACK
codebook is associated with a PUCCH of priority index 1

- the UE is provided first and second for cach of {PUCCH-Config, UCI-OnPUSCH, PDSCH-
codeBlockGroupTransmission} by {PUCCH-ConfigurationList, UCI-OnPUSCH-ListDCI-0-1, PDSCH-
CodeBlockGroupTransmissionList} or {PUCCH-ConfigurationList, UCI-OnPUSCH-ListDCI-0-2, PDSCH-
CodeBlockGroupTransmissionList}., respectively, for use with the first and second HARQ-ACK codebooks,
respectively

If a UE receives a PDSCH without receiving a corresponding PDCCH, or if the UE receives a PDCCH indicating a SPS

PDSCH releasc, [iEIUB/gEREHIES GREIGORESPORGINE HARQ-ACK information bit. If the UE generates two HARQ-
ACK codebooks, the UE is indicated by harg-CodebookID, per SPS PDSCH configuration, a HARQ-ACK codebook

index for multiplexing the corresponding HARQ-ACK information bit.

If a UE is provided pdsch-HARQ-ACK-OneShotFeedback and the UE detects a DCI format in any PDCCH monitoring
occasion that includes a One-shot HARQ-ACK request field with value |

- the UE includes the HARQ-ACK information in a Type-3 HARQ-ACK codebook, as described in clause 9.1.4

- the UE does not expect that the PDSCH-to-HARQ_feedback timing indicator field of the DCI format provides
an inapplicable value from d/-DataToUL-ACK-rl§

In the remaining of this clause, reference is to one HARQ-ACK codebook and to DCI formats that schedule PDSCH
reception, or have associated HARQ-ACK information without scheduling a PDSCH reception and are associated with
the HARQ-ACK codebook.

If a UE is required to receive SPS PDSCHs in a slot according to Clause 5.1 of [6] and Clause 11.1 for SPS
configurations that are indicated to be released by a DCI format, the UE is not expected to receive the DCI format in the
slot if the end of the last symbol of the PDCCH reception is afier the end of a last symbol of any of the SPS PDSCH
receptions. For a SPS configuration subject to pdsch-AggregationFactor or pdsch-AggregationFactor-r16, the UE is not
expected to receive the DCI format in a slot containing 2 SPS PDSCH transmission occasion other than the first
transmission occasion required to be received by the UE for a TB.




