[bookmark: _Ref133120545]3GPP TSG RAN WG1 #112					R1-2300781
Athens, Greece, February 27th – March 3rd, 2023

Source:	Sharp
Title:	NCR side control information for NCR operations
Item:	9.8.1
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In RAN1#111 [1], many agreements were made on the NCR backhaul link beam indication, access link beam characteristics and access beam indication for periodic and aperiodic transmissions. It was also agreed that the NCR ON state is implicitly indicated via the beam indication. 
In this contribution, we present our views on the synchronization signal transmission at the NCR for access link beam configuration and management, and the remaining details on access link periodic and aperiodic beam indication. Especially, to complete the NCR operation, the NCR should determine the corresponding time resources on the backhaul link for forwarding between the NCR and the gNB. 
Access link SSB transmissions 
Due to different locations of the gNB and the connected UEs of an NCR, the control/backhaul link beam between the gNB and NCR are very different from the access beams between NCR and connected UEs. 
In RAN1 #111, it was agreed that the information on the supported physical beam of NCR-Fwd for access link is informed to gNB and NCR via OAM [1]. A beam index can be associated with a synchronization signal block (SSB) index in a SSB burst. To perform access link beam management, the NCR SSB transmissions with beam sweeping should be configured first. 
For NCR-Fwd SSB transmissions on access link, the NCR should not forward the received SSBs from the gNB since the NCR may only receive a few beams with different received signal quality. Instead, the NCR should regenerate the SSBs with separately configured beams in an NCR SSB burst. The local NCR SSB and PBCH information can be the same as detected by NCR in the SSBs and PBCHs transmitted by the gNB. 
Based on the maximum number of beams supported by the NCR, the gNB can configured a separate synchronization signal structure by side information to NCR-MT on the control channel. If a new SSB configuration is used, when forwarding the DL signals on the access link, the NCR-Fwd should empty out the resources used for SSB transmissions from the backhaul/control link. 
Alternatively, the NCR may reuse the gNB SSB structure by replacing the SSBs with its own regenerated SSBs on the access link with access link beams. In this case, a side information on the SSB forwarding delay should be indicated to the NCR. Since a SSB burst occupies a 5 ms period, to avoid overlapping of SSBs from gNB and SSBs from NCR, the forwarding delay should be a factor of 5 ms, and the SSBs from NCR should occupy a different 5 ms period from the SSB burst from the gNB. 
Furthermore, if the number of NCR beams M on access link is smaller than the number of beams N at the gNB, the NCR should decide how the access link SSBs is mapped in the gNB SSB structure, e.g. only the first M out of the N SSB indexes are used. 
Proposal 1: Separate SSB configuration can be configured for NCR-Fwd SSB transmissions on the access link.
Side information for periodic beam indication 
In RAN1#111, the following agreement was made for periodic beam indication for access link.Agreement

For each periodic beam indication for access link, one RRC signalling is used including the information defined by the following:
· A list of X () forwarding resource, each is defined as {Beam index, time resource}
· FFS: The value of , other details

Each time resource is defined by {Starting slot defined as the slot offset in one period, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols} with dedicated field.
· The periodicity is configured as part of the RRC signaling for periodic beam indication
· The same periodicity is assumed for all time resource(s) in one periodic beam indication.
· The reference SCS is configured as part of the RRC signaling for periodic beam indication
· The same reference SCS is assumed for all time resource(s) in one periodic beam indication.



In NR, different types of periodic transmissions are supported at the UE, e.g. type 1 and type 2 configured grant (CG) for UL, and SPS for DL. Different types of periodic transmissions can be activated/deactivation with different methods, e.g. Type 1 CG is activated by RRC; Type 2 CG or SPS is activated by DCI, and some semi-persistent signals are activated by MAC CE. 
To support different types of periodic transmissions at NCR, different types of periodic transmissions should be supported based on different activation methods, such as RRC, DCI and MAC CE. The activation/deactivation method may be defined in the RRC configured periodic beam indication.
Proposal 2: Support different types of periodic beam indications with different activation and deactivation methods, including RRC, PDCCH and MAC CE.
For a periodic UL beam indication on access link, the NCR receives and buffers the UL signal from a UE on the indicated time resource. The gNB should also indicate an UL time resource after the access link time resource for UL forwarding on the backhaul link. The NCR then forwards the buffered UL signal on the indicated backhaul link time resource to the gNB. 
Similarly, for a periodic DL beam indication on access link, the gNB should also indicate a DL time resource on the backhaul link before the access link time resource for DL reception and buffering. The buffered signal is then forwarded on the access link time resource with the indicated access beam. 
Especially, for a periodic DL transmission of a SPS with HARQ-ACK feedback, the gNB should indicate a periodic access link DL beam indication for the DL transmission and a corresponding periodic UL beam indication for the SPS PUCCH reception, as shown in Figure 1. The gNB should make sure that the time resource and timing between the periodic DL and UL transmissions on the access link is the same as the SPS PDSCH to HARQ-ACK timing.
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Figure 1. Periodic DL and UL beam indications for a SPS transmission with NCR
For the access link DL and UL time resource, corresponding backhaul DL and UL time resources should be determined for NCR forwarding operation. To reduce the signal overhead, the gNB can indicate a paired UL and DL beam indications to NCT for a periodic SPS transmission. And the paired DL and UL beam indications can be activated/deactivated by a single activation/deactivation message.
Proposal 3: For SPS type periodic DL transmissions, a periodic DL beam indication can be paired with a periodic UL beam indication to support the corresponding SPS HARQ-ACK feedback. 
An NCR is a repeater and forwards the buffered signal on the indicated access link time resource, the backhaul link time resource should have the same starting symbol and duration in the backhaul link slot as the configured time resource in the access link beam indication. In case of multiple beams and time resources are included in a periodic access link beam indication, the backhaul link time resources should be the aggregated time resources of all beams. 
Proposal 4: A corresponding backhaul link time resource has the same starting symbol and duration in a slot as the aggregated time resources in an access link beam indication.
The backhaul link beam is separately configured and indicated from the access link beams, and the same backhaul link beam should be applied for transmissions between gNB and NCR regardless of the indicated access link beams. Thus, there is no need to separately configure a backhaul link time resource with a backhaul link beam. 
Instead, a timing relationship can determine the corresponding time resource on the backhaul link for a periodic NCR transmission. For example, a forwarding delay can be configured for a periodic beam indication, as illustrated in Figure 1. 
· For a periodic DL beam on access link, the backhaul link time resource is before the access link time resource. A DL forwarding delay defines the distance between the DL backhaul link time resource for NCR reception and the DL access link time resource for NCR forwarding. 
· For a periodic UL beam on access link, the backhaul link time resource is after the access link time resource. A UL forwarding delay defines the distance between the UL access link time resource for NCR reception and the UL backhaul link time resource for NCR forwarding. 
Since the network may have different allocations for DL and UL transmissions, the DL forwarding delay and UL forwarding delay may have different values and should be configured separately. The forwarding delay can be defined as a number of slots, and configured semi-statically by higher layer signalling to the NCR. A separate forwarding delay can be configured for each periodic beam indication. Or a single forwarding delay can be configured for all periodic beam indications. 
Proposal 5: A timing relationship is used to determine the backhaul link time resource for an access link beam indication. Separate DL forwarding delay and UL forwarding delay can be configured for periodic DL and UL beam indications.
Side information for aperiodic beam indication DCI
In RAN1#111, it was agreed that an aperiodic beam indication is performed by DCI with beam and time resource fields, as given below. Agreement
For each aperiodic beam indication for access link, one DCI is used with the information defined by
Option-1: 
·  fields are used to indicate the beam information and each field refers to one beam index ; 
· Note: The bitwidth of this field is determined by the number of beams used for access link. 
·  fields to indicate the time resource;
· Note: A list of time resource is pre-defined by RRC signalling. The bitwidth of this field for time resource indication is determined by the length of list. 
· FFS: The value of  
· Down-select between or .
· FFS: How to define the association between time indication and beam indication

Each time resource is defined by {Starting slot defined as the slot offset, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols} with dedicated field.

Each time resource is defined by {Starting slot defined as the slot offset, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols} with dedicated field. Unlike a periodic beam indication where a periodicity field is included in a time resource, the aperiodic time resource incudes a slot offset but no periodicity as shown in the agreement. However, a slot offset cannot be determined without a reference slot or a periodicity. 
Therefore, a default periodicity should be clarified on the agreement to determine the slot offset value. As a natural way, the default periodicity can be determined based on the TDD UL/DL configurations if configured. Thus, the periodicity of the TDD UL/DL pattern will be the default periodicity. In case of two patterns in the TDD UL/DL configuration, the periodicity is given the sum of the periodicity of the two patterns. If there is no TDD UL/DL configuration, a default value should be defined or configured, e.g. 10 or 20 slots. 
Proposal 6: A default periodicity for an aperiodic time resource should be determined by the TDD UL/DL configurations. 
A typical aperiodic transmission with dynamic scheduling of a PDSCH and/or a PUSCH needs a pair of DL access link resource and an UL access link resource, as well as the corresponding time resrouces on the backhaul link, as shown in Figure 2. 
[image: ]Figure 2. Illustration of dynamic scheduled aperiodic DL or UL transmission with NCR
For a dynamically scheduled PDSCH, the DL access link beam indication determines the PDCCH/PDSCH reception at the UE, and the UL access link beam indication determines the PUCCH HARQ-ACK report at the UE. The gNB should make sure that the time resource and timing between the DL and UL transmissions on the access link is the same as the PDSCH to HARQ-ACK timing k1 indicated to the UE.
For a dynamically scheduled PUSCH, the DL access link beam indication determines the UL grant PDCCH reception at the UE, and the UL access link beam indication determines the PUSCH transmission at the UE. The gNB should make sure that the time resource and timing between the DL and UL transmissions on the access link is the same as the UL scheduling timing k2 indicated to the UE.
Note in some cases, only a DL scheduling and forwarding is necessary at the NCR, e.g. a broadcast or group-cast PDCCH/PDSCH without UL feedback. Thus, to signal the beam and time resource on the access link, at least Tmax=1 should be supported. 
In case of Tmax =1, only one time resource can be indicated in an aperiodic beam indication DCI. Conventionally, the DL scheduling and UL scheduling are specified with separate sets of DCI formats, e.g. PUSCH with DCI format 0_0/0_1/0_2 and PDSCH with DCI format 1_0/1_1/1_2. Thus, it is better to specify two DCI formats for aperiodic DL beam indication and aperiodic UL beam indication respectively. For a complete aperiodic dynamic scheduled transmission, two DCIs can be signalled to the NCR to indicate DL beam and the corresponding UL beam separately.
Proposal 7: At least Tmax=1 is supported, and separate DCI formats can be specified for aperiodic DL beam indication and aperiodic UL indication respectively.
If a DCI supports Tmax > 1 in a DL beam indication or an UL beam indication, the DCI payload and decoding complexity may be greatly increased. Thus, the Tmax should be limited to a small value, e.g. 2 or 3.
To reduce control overheard, Tmax = 2 can be additionally supported to schedule DL and UL together in a single DCI. In this case, a DCI format can indicate two access link time resources, one for DL beam and time resource and one for UL beam and time resource. A single DCI can signal the transmission for both DL and UL. The gNB should ensure that the time relationship between the DL and UL access time resource is the same as the scheduling timing indicated to the UE, i.e. k1 for PDSCH or k2 for PUSCH.
Proposal 8: A DCI format with Tmax=2 can be additionally supported to indicated paired DL and UL beams and time resources on the access link.
Figure 2 also shows that corresponding backhaul link time resources should be determined for the indicated access link time resources. Again, the backhaul link time resource should have the same starting symbol and duration in the determined backhaul link slot as the indicated time resource in the access link aperiodic beam indication. If multiple beams and time resources are supported in an aperiodic DL beam indication or an aperiodic UL beam indication, the corresponding backhaul time resource is the aggregated time resource of all indicated access beams.
Since a DCI is used for dynamic indication of a DL or UL transmission on the access link, the forwarding timing can be included in the scheduling DCI with great flexibility. 
· A backhaul link time indication field can be indicated in a DL aperiodic beam indication DCI to derive the backhaul link slot and time resource and the DL forwarding timing. The backhaul link DL resource should be in or after the slot that signals the aperiodic beam indication DCI, and before the slot of the access link DL resource. 
· A backhaul link time indication field can be indicated in an UL aperiodic beam indication DCI to derive the backhaul link slot and time resource and the UL forwarding timing. The backhaul link UL resource is after the access link UL resource.
Proposal 9: A backhaul link time indication field can be included in an aperiodic beam indication DCI to determine the corresponding backhaul link time resource for the access link time resource.
Conclusion
In this contribution, we discussed the remaining issues on NCR side information and forwarding behavior. For beam sweeping with SSB for beam index determination, we propose
Proposal 1: Separate SSB configuration can be configured for NCR-Fwd SSB transmissions on the access link.
For periodic beam indication on access link, periodic transmission activation/deactivation and side information for corresponding backhaul link resource determination, we propose
Proposal 2: Support different types of periodic beam indications with different activation and deactivation methods.
Proposal 3: For SPS type periodic DL transmissions, a periodic DL beam indication can be paired with a periodic UL beam indication to support the corresponding SPS HARQ-ACK feedback. 
Proposal 4: A corresponding backhaul link time resource has the same starting symbol and duration in a slot as the aggregated time resources in an access link beam indication.
Proposal 5: A timing relationship is used to determine the backhaul link time resource for an access link beam indication. Separate DL forwarding delay and UL forwarding delay can be configured for periodic DL and UL beam indications.
For aperiodic beam indication with DCI, we propose the following:
Proposal 6: A default periodicity for an aperiodic time resource should be determined by the TDD UL/DL configurations. 
Proposal 7: At least Tmax=1 is supported, and separate DCI formats can be specified for aperiodic DL beam indication and aperiodic UL indication respectively.
Proposal 8: A DCI format with Tmax=2 can be additionally supported to indicated paired DL and UL beams and time resources on the access link.
Proposal 9: A backhaul link time indication field can be included in an aperiodic beam indication DCI to determine the corresponding backhaul link time resource for the access link time resource.
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