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Introduction
In RAN1#111 [1], the side control information to enable NR network-controlled repeaters and the L1/L2 signaling including its configurations were discussed. In this contribution, we discuss the remaining issues on beam information and ON-OFF information.

[bookmark: _Ref114232515]Beam information 
[bookmark: _Ref126138929]Maximum number of used access link beams
For FR2, NCR is expected to cover a target area with a number of access link beams. To support beamform sweeping in a more efficient manner, the maximum number of SSB beams and CSI-RS beams at NCR-Fwd access link should be limited, otherwise this will either lead to high gNB resource and signaling overhead, or reduced NCR coverage as explained below. 
To enable beam sweeping at NCR-Fwd access link, gNB needs to allocate some additional resources, e.g. SSBs, to the NCR so that each time NCR can forward the signal using a dedicated access beam. Assuming  and , the total number of required gNB SSBs and the overhead is shown in Figure 1. The overhead of SSB, and SSB + SIB1 are considered, and the average overhead per SSB beam is around 1%. The overhead for gNB considering SIB1 is even higher, and it is nearly 60% for only 1 NCR, which is unacceptable for a practical network. 
As another example, an NCR is used for a target area with horizontal coverage range  and vertical coverage range , as shown in Figure 2. NCR can use different sets of access beams to forward the SSB signals, the number of beam sets and the number of beams in each set are up to NCR implementation. However, if there is no limitation on the maximum number, an NCR may only generate a set of 16 narrowest beams ({AC#5~AC#20}), gNB (or OAM) has to allocate 16 SSBs for NCR so as to cover the hole and high overhead is introduced, or gNB allocates less than 16 SSB beams and only part of the area can be covered. On the other hand, if the maximum number is limited, the NCR will provide more beam sets with different beam widths, e.g., beam set {AC#0}, beam set {AC#1~AC#4}. Then, gNB has more flexibility to cover the hole by configuring either AC#0 or {AC#1~AC#4} for NCR to forward the SSBs. As we can see, there is tradeoff between gNB overhead and coverage range if NCR only generates the set of narrowest beams at access link. 
[image: ]
[bookmark: _Ref114151198]Figure 1 SSB and SIB1 overhead in different number of NCRs (16 beams per NCR) 
[image: ]
[bookmark: _Ref126089524]Figure 2 NCR-Fwd access beams with different coverage
To guarantee gNB ’s configuration flexibility and overhead, it is better to limit the maximum number of used SSB and used CSI-RS beams at the access link. If the maximum number of NCR used SSB beams is 4, the increased SSB and SIB1 overhead per NCR is around 4%. For the used CSI-RS beams, a number of 16 is proposed, which leads to a bitwidth of 4 in DCI per beam index. 
From the above analysis, we have the following observations and proposals: 
[bookmark: _Ref126268619]Observation 1: To enable beam sweeping for NCR-Fwd access link, gNB has to allocate additional backhaul beams for the NCR-Fwd, leading to an increase of resource and signaling overhead. And the overhead increases with number of used access beams, e.g., 4 SSB beams leads to SSB and SIB1 overhead per NCR is around 4%.
[bookmark: _Ref101943952][bookmark: _Ref109548480][bookmark: _Ref100828284]Observation 2: If the maximum number of used SSB beams and used CSI-RS beams are not limited, an NCR may only generate a large number of narrowest beams on access link. As a result, a high gNB overhead is introduced by configuring a large number of beams for NCR to ensure a target coverage, or the NCR coverage has to be reduced by only configuring a subset of beams for NCR.
[bookmark: _Ref126268707]Proposal 1: For NCR-Fwd access link, the maximum number of used SSB beams and used CSI-RS beams are 4 and 16, respectively. 

[bookmark: _Ref127007637]Beam indication: periodic, semi-persistent, and aperiodic
In the previous meetings, the required parameters and signaling design have been discussed for periodic, semi-persistent, and aperiodic beam indication for both backhaul and access link. As summarized in Table 1, some aspects have already been agreed (i.e., highlighted in green), while some more details remain to be discussed. Given that there is a set of parameters which are required by all periodic, semi-persistent, and aperiodic beam indications, a unified framework for RRC configuration is preferred. Specifically, the RRC signaling design of beam indication for NCR-Fwd can be similar to the RRC configurations for CSI-RS/SRS resources in NR, and an example is shown by Figure 3. 
[bookmark: _Ref127029263]Observation 3: The RRC configuration of time resources and beam information are required by periodic, semi-persistent, and aperiodic beam indications for access link, and it can be configured in a similar way to CSI-RS/SRS resource configurations for NR.
[bookmark: _Ref127029291]Proposal 2: RRC configures the time resources and beam information for periodic, semi-persistent, aperiodic beam indications for access link as follows: 
· A list of forwarding resource sets, each forwarding resource set includes 
· Index of the resource set
· 	Time-domain behavior of indications: periodic, semi-persistent, aperiodic
· Periodicity for periodic and semi-persistent indications 
· A list of forwarding resources, each includes
· Starting slot defined as the slot offset in one period 
· Access link beam index for periodic indications
· Backhaul link beam (TCI state ID or SRI for C-link)
· Starting symbol and duration within the slot for periodic and semi-persistent indications or NR signal/resource index (e.g., SSB time index, CRI, SRI)

[bookmark: _Ref126953128]Table 1 Required parameters and candidate signaling for periodic, semi-persistent, and aperiodic indications
	Required parameters 
	Candidate signaling 

	
	Periodic 
	Semi-persistent
	Aperiodic

	Time resource information 
	Periodicity 
	RRC
	RRC
	-

	
	Reference SCS
	RRC
	RRC
	RRC

	
	Slot offset 
	RRC
	RRC, MAC-CE
	RRC, DCI

	
	Starting symbol within the slot
	RRC
	RRC, MAC-CE
	RRC, DCI

	
	Duration
	RRC
	RRC, MAC CE
	RRC, DCI

	Beam information 
	Backhaul link beam
	RRC, MAC CE
	RRC, MAC CE
	RRC, MAC CE

	
	Access link beam
	RRC
	RRC, MAC CE
	RRC, DCI
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[bookmark: _Ref126957332]Figure 3 RRC configuration for periodic, semi-persistent, aperiodic indications 

Periodic indication 
In RAN1#111, the following were agreed for periodic beam indication, and the remaining issue is the value of :
	Agreement
For each periodic beam indication for access link, one RRC signalling is used including the information defined by the following:
· [bookmark: _Hlk125799414]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.


[bookmark: _Ref115126163][bookmark: _Ref100490212]Typically, periodic indication can be used for forwarding broadcast/cell-specific signals and periodic UE specific signals, such as SSB, SIB1, PRACH, CSI-RS, SRS, SPS PDSCH and configured grant PUSCH. For different signals/channels, the periodicities are expected to be different, e.g., SSB and SIB1 are with periodicity of 20 ms, PRACH is with periodicity of 40 ms, and CSI-RS is with periodicity 80 ms. Thus, the forwarding indication of different signals can be configured by different forwarding resource set and the maximum number of forwarding resources in each set is determined by the used access beams. 
[bookmark: _Ref126268627]Observation 4: Different signals/channels are expected to have different periodicities, and they can be configured by different forwarding resource sets, such as SSB, SIB1, PRACH, CSI-RS, SRS. Thus, the maximum number (i.e., ) of forwarding resources in each resource set can be limited by the number of access beams for forwarding each signal/channel.
Considering the signaling overhead, periodic beam indication is an efficient way for configuring the forwarding of the cell-specific signals, but it is inefficient for the UE specific signals. For the former case, the NCR should be always ON such as to provide coverage, and the indication is rarely changed. However, the forwarding of the UE specific periodic signals may be frequently changed, e.g., the UE enters IDLE mode or leaves the NCR coverage area. The signaling delay and overhead caused by RRC reconfigurations for periodic indication is high compared to semi-persistent indication. 
[bookmark: _Ref126268654][bookmark: _Ref101450854][bookmark: _Ref114518788]Observation 5: Periodic indication for broadcast and cell-specific signals forwarding is efficient in terms of signaling overhead. However, periodic indication for UE specific signals may lead to higher signaling delay and overhead than semi-persistent indication.
Base on the above discussions and the number of SSB beams proposed in section 2.1, we propose: 
[bookmark: _Ref126268703]Proposal 3: Periodic beam indication is used to configure the forwarding of cell-specific signals, and the maximum number of forwarding resources  in a forwarding resource set is 4. 

[bookmark: _Ref114516985]Semi-persistent indication
As discussed in the beginning of section 2.2, the time resource of semi-persistent indication can be defined similar to that of periodic indication, such as definition of time resource, periodicity, and reference SCS. Firstly, 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} and is configured with dedicated field. Secondly, a same periodicity and a same reference SCS are assumed for all time resource(s) in one semi-persistent indication. 
[bookmark: _Ref126268649]Observation 6: Time resource for semi-persistent indication can follow that of periodic indication, such as definition of time resource, periodicity, and reference SCS.
For the access beam of semi-persistent indication, the following four options can be considered as shown in Figure 4:
· Option 1: RRC configures  forwarding resource sets, set  is with  forwarding resources, and each forwarding resource is defined by {beam, time resource}. MAC-CE selects a forwarding resource set , and all the  forwarding resources in it are selected. 
· Option 2: RRC configures a single semi-persistent forwarding resource set defined by  forwarding resources, and each forwarding resource is defined by {beam, time resource}. MAC-CE is used to select  out of the  forwarding resources configured by RRC. 
· Option 3: RRC configures  forwarding resource sets, set  is with  forwarding resources, and each forwarding resource is defined by {time resource}. MAC-CE indicates a forwarding resource set  and a list of   beam for the list of  forwarding resources in set . 
· Option 4: RRC configures  forwarding resource sets, set  is with  forwarding resources, and each forwarding resource is defined by {time resource}. MAC-CE indicates a forwarding resource set , a list of   {forwarding resource index, beam index}, and the forwarding resource index are among the  forwarding resources in set . 
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(a) option 1
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(b) option 2
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(c) option 3
	 [image: ]
(d) option 4


[bookmark: _Ref127018924]Figure 4 Options for semi-persistent indication by RRC + MAC-CE
First of all, option 3 follows a similar design as activation/deactivation of NR semi-persistent CSI-RS and SRS. Option 4 is an enhancement to option 3 with higher indication overhead. 
Compared to option 1 and option 2, option 3 and option 4 are more flexible and have shorter controlling delay than the other two options, since the beams are indicated using MAC-CE rather than RRC. For example, as shown in Figure 5, there are different UE traffic demands (e.g., SP CSI-RS/SRS/SPS DL/configured UL transmissions) for different beams at different time, and different beams are with different coverage. Specifically, {UE1, UE2, …} are served by beams {#0, #1, …, #7}at slot {, , , …}, and {UE4, UE5, …} are served by beams {#8, #9, …, #15}at slot {, , , …}. By option 3 or option 4, MAC-CE can be used to update the time allocation for each beam according to the traffic requirements in time. By option 1 or option 2, the RRC pre-configured {beam, time resource}, and the time allocation for different beams are fixed and frequent RRC reconfiguration is required such as to match the traffic requirements, which leads to longer delay and less flexibility. 
[bookmark: _Ref126268663]Observation 7: In semi-persistent indication, indicating the beam for access link via MAC-CE(option 3 and option 4) is more flexible than configuring the beam for access link via RRC(option 1 and option 2), and indicating only the beam index (option 3) is of lower overhead than indicating both the forwarding resource index and beam index via MAC-CE (option 4).
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(a) at time {, ,, …}, {UE1, UE2, …} are served by beams {#0, #1, …, #7} 
	[image: ]
(b) at time , ,, …}, {UE4, UE5, …} are served by beam {#8, #9, …, #15}


[bookmark: _Ref126264302]Figure 5 Different required traffics for different NCR beams
Moreover, the semi-persistent indication can be used for configuring forwarding of UE specific signals, such as the periodic or semi-persistent CSI-RS/SRS, SPS DL/configured UL transmissions. The gNB-UE transmissions of these signals are not needed if the UE moves away, or the signals are released or deactivated. Thus, the forwarding is not required and the forwarding resources should be deactivated as well, e.g., based on MAC-CE. 
[bookmark: _Ref127549820]Observation 8: In semi-persistent indication, deactivation for the activated forwarding resource(s) is required, e.g., deactivated by MAC-CE when the forwarding is not needed.
For the forwarding CSI-RS and SRS, the maximum  can be the maximum number of used beams for the access link, i.e. . For the forwarding of SPS DL/ configured UL transmissions, each UE can be configured with up to 8 DL SPS configurations and 12 configure UL transmission, thus  is enough. 
Based on the above discussions, we have following proposals for semi-persistent beam indication: 
[bookmark: _Ref126268714]Proposal 4: For each semi-persistent beam indication for access link, one RRC signaling is used including the following information: 
· A list of  forwarding resource, each is defined as {time resource}
· 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 and reference SCS
· The same periodicity is assumed for all time resource(s) in one semi-persistent beam indication
· The same reference SCS is assumed for all time resource(s) in one semi-persistent beam indication
[bookmark: _Ref126268724]Proposal 5: For each semi-persistent beam indication for access link, one MAC-CE is used including the following information: 
· Index of the resource set 
· Usage of the MAC-CE, e.g., activation or deactivation 
· A list of backhaul link beams (TCI state ID or SRI for C-link)
· A list of  beams 
[bookmark: _Ref126268727]Proposal 6: Semi-persistent beam indication is used to configure the forwarding of UE-specific signals, the value of  is 16. 

Aperiodic indication
In the last meeting, the following agreement was made for the aperiodic indication:
	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.


The remaining issues are: the time resource indication, association between time resource and beam, the value of , and the contents of DCI. 
For the time resource indication, the potential schemes and payload for time indication in DCI are summarized in Table 2 and illustrated by Figure 6. In options 1/2/3, the slot offsets are configured by RRC and no dedicated indication in DCI is required, which is similar to aperiodic CSI-RS/SRS configurations. 
The overhead and indication flexibility for the options are different. In terms of signaling overhead, option 1 is of less DCI payload and option 3 is of moderate DCI payload. Considering the indication flexibility, option 1 has a same symbol allocation across all slots, option 2 has a RRC configured time resources, while option 3 is able to supports different symbol allocations for the slots by DCI indication, thus option 3 is with higher flexibility. Moreover, the {slot offset, starting symbol, duration} are pre-defined by RRC and then indicated via DCI in options 2 and 4. To achieve a same indication flexibility as option 3, a much larger  and  are required, e.g., . In this case, the NCR-MT requires to store a large table (e.g.,  and ,  items) which may lead to unaffordable implementation complexity and cost. Overall, option 3 provides a good trade-off between overhead, configuration and indication flexibility. 
[bookmark: _Ref126268670]Observation 9: In each aperiodic beam indication, option 3 is of moderate DCI payload and with high flexibility: RRC configures  {slot offset} and   {starting symbol, duration}, DCI indicates  {starting symbol, duration}.
[bookmark: _Ref126268731]Proposal 7: For each aperiodic beam indication, RRC configures a list of  {slot offset} and a list of   {starting symbol, duration}, DCI indicates  {starting symbol, duration}. 
[bookmark: _Ref118032160]Table 2 Potential aperiodic signaling schemes 
	Signaling 
	RRC configuration 
	DCI indication 
	Payload of time and beam indication in DCI ( is the number of used beams)

	Option 1
	 {slot offset},   {starting symbol, duration}
	 {starting symbol, duration} 
	

	Option 2
	 lists of time resource, each list is defined by { {slot offset, starting symbol, duration}}
	 list of time resource with { {slot offset, starting symbol, duration}}
	

	Option 3
	 {slot offset},   {starting symbol, duration} 
	 {starting symbol, duration} 
	

	Option 4
	 {slot offset, starting symbol, duration}
	 {slot offset, starting symbol, duration} 
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(a) option 1
	 [image: ]
(b) option 2

	 [image: ]
(c) option 3
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(d) option 4


[bookmark: _Ref127025431]Figure 6 Options for aperiodic indication by RRC + DCI
In RRC and DCI signaling, the time resources (or forwarding resources) and beams are indicated with order, an example is shown in Figure 7. The association can be based on the indication order, e.g., the first configured/indicated time resource is associated with the first indicated beam, the second configured/indicated time resource is associated with the second indicated beam, and so on. 
[bookmark: _Ref126268736][bookmark: _GoBack]Proposal 8: For each aperiodic beam indication, the beams are associated with the time resources according to the indication order in RRC/DCI, and first configured/indicated time resource is associated with the first indicated beam, the second configured/indicated time resource is associated with the second indicated beam, and so on. 
[image: ]
[bookmark: _Ref126179232]Figure 7 association between time indication and beam indication
The maximum value of  should be limited so as to make the DCI payload acceptable, e.g., not larger than 128 bits (i.e., the same maximum DCI payload size as SFI). If the total number of used access beams is  and , the total number of required bits for beam and time resource indication is  for option 3, and the allowed maximum  values is 16 for option 3. If , then the allowed maximum  value is 12 for option 3. Based on the analysis, a maximum value of   value of 16 is preferred. 
[bookmark: _Ref126268677]Observation 10: If the maximum DCI payload size is 128 and the total used number of access beams is 16, the maximum value of  is 16 for option 3.
[bookmark: _Ref126268739]Proposal 9: The maximum value of   is 16 for aperiodic beam indication by DCI, i.e., . 
gNB may configure multiple set of aperiodic forwarding configurations for NCR. For example, one aperiodic forwarding resource set is used for CSI-RS/SRS and one aperiodic forwarding resource set is used for PDSCH/PDCCH/PUSCH/PUCCH. Without the resource set information (e.g., resource set identity) in DCI, the NCR cannot determine the correct resource set. 
[bookmark: _Ref126268680]Observation 11: Only the beam and time resource information in DCI is not enough for aperiodic beam indication since multiple aperiodic forwarding configurations may be indicated for different signals/channels.
[bookmark: _Ref126268742]Proposal 10: For each aperiodic beam indication, the resource set information should be indicated in DCI. 
For aperiodic indication, the monitoring periodicity of PDCCH can be up to 2560 slots, and the indicated slots may be very large. However, the indicated beams / time resources for each DCI is quite limited, e.g., 16. Thus, much more DCIs are required and the PDCCH overhead will be increased greatly. To improve signaling efficiency, a DCI indication can repeat within the PDCCH monitoring periodicity until the next PDCCH monitoring occasion. An example is shown by Figure 8. A single DCI is used to indicate 2 beams in a time duration of 5 slots, and the indication repeats until the next PDCCH monitoring occasion. 
[bookmark: _Ref127550185]Observation 12: The maximum number of indicated beams and slots in DCI is can be far less than the PDCCH monitoring periodicity (i.e., up to 2560 slots). Many DCIs are required and the PDCCH overhead will be increased greatly such as to cover the PDCCH monitoring periodicity.
[bookmark: _Ref114518799]Proposal 11: For each aperiodic beam indication by DCI, the indication is repeated within a PDCCH monitoring periodicity. 
[image: ]
[bookmark: _Ref115120402]Figure 8 DCI indication repeats until the next PDCCH monitoring occasion
[bookmark: _Ref127368003]Priority rules for conflicted indications
For the NCR-Fwd, multiple indications may be received by NCR-MT. And the indications may lead to conflicted NCR-Fwd behaviors in the same time domain resources. An example is shown in Figure 9. In (a), an access beam  is indicated for the 3rd~6th  OFDM symbol (i.e., #2~#5) of the 2nd slot in every 20 ms by semi-static indication 1, and in (b), four access beams {} are indicated for slots 0~4 by dynamic indication 2. For slot 1, different beams for NCR-Fwd over OFDM symbol #2~#5 are indicated, the NCR may not know how handle such a situation. In such a case, one or both indications should be invalid over these symbols. However, periodic forwarding resources are used for forwarding broadcast signals as we have discussed in 2.2.2, and coverage hole will be introduced if the broadcast signal is not forwarded due to indication conflicting. 
[bookmark: _Ref114518727]Observation 13: If multiple indications lead to conflicted NCR-Fwd behaviors, discarding the periodic indication for forwarding the broadcast signals may lead to coverage hole. 
To avoid the above problem, priority between indications should be defined. Specifically, the priority decreases with the order of periodic indication, aperiodic indication, semi-persistent indication, dynamic indication, and a higher priority indication can overwrite a lower priority indication. For example, the NCR-Fwd follows the periodic indication over the conflicted symbols in Figure 9 (c), or the NCR-Fwd follows the periodic indication over the conflicted slot in Figure 9 (d). Moreover, gNB  should guarantee that multiple periodic indications are not conflicted. 
[bookmark: _Ref114518807]Proposal 12: If a same time resource is indicated with multiple access link beams, periodic indications have higher priority than semi-persistent and aperiodic indications. 
[image: ]
[bookmark: _Ref114515860]Figure 9 Different indication for the access link
Uplink multiplexing between C-link and backhaul link
The UL of C-link and backhaul link may be indicated simultaneously for an NCR. If an NCR only supports TDM, one signal should be discarded. Similar to the discussion in 2.3, discarding the NCR-Fwd UL forwarding of periodic signals should be avoided. For the C-link, the PRACH transmission should be kept since it is used for UL synchronization, and the other UL transmissions of C-link can be of lowest priority.
[bookmark: _Ref114518732]Observation 14: For an NCR supports UL of C-link and backhaul link in TDM, discarding the periodic indication for forwarding the broadcast signals may lead to coverage hole if simultaneous UL transmissions are indicated. 
[bookmark: _Ref114518810]Proposal 13: For an NCR indicated with simultaneous UL of C-link and backhaul link, the priority rule should be: PRACH of C-link > UL of backhaul link indicated by periodic indication > UL of backhaul link indicated by semi-persistent / aperiodic indications > other UL transmissions of C-link. 
If an NCR is capable of transmitting in C-link and backhaul link simultaneously, the total of C-link power  and backhaul link power  may be larger than the configured maximum power  in a slot , i.e., . In this case, one of the transmission powers should be reduced. Similar to NR, the reduction in power can be based on the signal priorities of C-link and backhaul link. Specifically, if the C-link transmission is with higher priority, the actual backhaul link power is set as , otherwise the actual C-link transmission power is set as .  
[bookmark: _Ref127375715]Observation 15: For an NCR supports simultaneous UL of C-link and backhaul link, the total of C-link power  and backhaul link power  may be larger than the configured maximum power  in a slot , i.e., , and power reduction is required. 
[bookmark: _Ref127375733]Proposal 14:  For an NCR supports simultaneous UL of C-link and backhaul link, if the total of C-link power  and backhaul link power  is larger than the configured maximum power  in a slot , the transmission power is reduced as: 
· if the C-link transmission is with higher priority, the actual backhaul link power is set as , 
· otherwise the actual C-link transmission power is set as .

Application timeline
The gaps between indication time and application time defined in NR are summarized in Table 3 and Figure 10, and the same application time can be adopted for NCR-Fwd signaling based on RRC/MAC-CE/DCI. 
[bookmark: _Ref126268753]Proposal 15: The application timeline for NCR periodic / semi-persistent / aperiodic indications follow NR defined timeline, i.e., 10 ms for periodic indication, 3 ms for semi-persistent indication, and 14/28 OFDM symbols for aperiodic indication. 
[bookmark: _Ref126250221]Table 3 Time gap between beam indication and application time in NR 
	Signaling 
	Definition 
	Time duration 
	SRI

	periodic (RRC)
	PDSCH receiving time slot  and application time slot (Mainly for RRC processing delay)
	10 ms
	10 ms

	semi-persistent (MAC-CE)
	HARQ-ACK time slot  and application time slot (Including MAC processing delay and beam switching delay)
	3 ms
	3 ms

	aperiodic (DCI)
	PDCCH receiving time and application time (Including PDCCH processing delay and beam switching delay)
	14 or 28 OFDM symbols depending on capability 
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(a) periodic (RRC)
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(b) semi-persistent (MAC-CE)
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(c) aperiodic (DCI) 
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(d) aperiodic (DCI)


[bookmark: _Ref126260021]Figure 10 Time line for periodic / semi-persistent / aperiodic indications
ON-OFF information 
The NCR-Fwd is always expected to be “OFF” before gNB indication and be “OFF” over flexible symbols based on the semi-static configuration. Moreover, the NCR-Fwd is expected to be indicated as “ON” by aperiodic, semi-persistent, or periodic indications. The behavior of NCR-Fwd corresponding to these signaling are: 
· Aperiodic indication: e.g., dynamic data transmission. NCR-Fwd is only “ON” and in forwarding state during the indicated time, and the indication  takes effect once. 
· Semi-persistent indication: e.g., CSI-RS, SRS, and semi-persistent scheduling. The forwarding can be turned “OFF” by simply deactivating the forwarding resource. 
· [bookmark: _Ref114518752]Periodic indication: e.g., broadcast signals periodically forwarded. It cannot be turned “OFF” over these indicated signals. Otherwise, the coverage will be impacted. Thus, NCR-Fwd is always “ON” in the semi-statically or periodically indicated forwarding resources.
[bookmark: _Ref115165272]Observation 16: When an NCR-Fwd is indicated to be “ON” periodically, it cannot be turned OFF for periodic indication, and can be turned OFF by deactivation signaling for semi-persistent indication. 
[bookmark: _Ref114518823]Proposal 16: Explicit NCR-Fwd “OFF” indication is not required.
Once an NCR is deployed and activated for signal forwarding, long term “OFF” should be avoided. The reason is that the lack of broadcast signals may lead to coverage hole. However, the NCR can be configured to be OFF in long term by OAM or manually, which may be determined based on network optimization. 

Conclusions
The contribution provides our considerations on NCR side control information, and the observations are listed as following:
Observation 1: To enable beam sweeping for NCR-Fwd access link, gNB has to allocate additional backhaul beams for the NCR-Fwd, leading to an increase of resource and signaling overhead. And the overhead increases with number of used access beams, e.g., 4 SSB beams leads to SSB and SIB1 overhead per NCR is around 4%.
Observation 2: If the maximum number of used SSB beams and used CSI-RS beams are not limited, an NCR may only generate a large number of narrowest beams on access link. As a result, a high gNB overhead is introduced by configuring a large number of beams for NCR to ensure a target coverage, or the NCR coverage has to be reduced by only configuring a subset of beams for NCR.
Observation 3: The RRC configuration of time resources and beam information are required by periodic, semi-persistent, and aperiodic beam indications for access link, and it can be configured in a similar way to CSI-RS/SRS resource configurations for NR.
Observation 4: Different signals/channels are expected to have different periodicities, and they can be configured by different forwarding resource sets, such as SSB, SIB1, PRACH, CSI-RS, SRS. Thus, the maximum number (i.e., ) of forwarding resources in each resource set can be limited by the number of access beams for forwarding each signal/channel.
Observation 5: Periodic indication for broadcast and cell-specific signals forwarding is efficient in terms of signaling overhead. However, periodic indication for UE specific signals may lead to higher signaling delay and overhead than semi-persistent indication.
Observation 6: Time resource for semi-persistent indication can follow that of periodic indication, such as definition of time resource, periodicity, and reference SCS.
Observation 7: In semi-persistent indication, indicating the beam for access link via MAC-CE(option 3 and option 4) is more flexible than configuring the beam for access link via RRC(option 1 and option 2), and indicating only the beam index (option 3) is of lower overhead than indicating both the forwarding resource index and beam index via MAC-CE (option 4).
Observation 8: In semi-persistent indication, deactivation for the activated forwarding resource(s) is required, e.g., deactivated by MAC-CE when the forwarding is not needed.
Observation 9: In each aperiodic beam indication, option 3 is of moderate DCI payload and with high flexibility: RRC configures  {slot offset} and   {starting symbol, duration}, DCI indicates  {starting symbol, duration}.
Observation 10: If the maximum DCI payload size is 128 and the total used number of access beams is 16, the maximum value of  is 16 for option 3.
Observation 11: Only the beam and time resource information in DCI is not enough for aperiodic beam indication since multiple aperiodic forwarding configurations may be indicated for different signals/channels.
Observation 12: The maximum number of indicated beams and slots in DCI is can be far less than the PDCCH monitoring periodicity (i.e., up to 2560 slots). Many DCIs are required and the PDCCH overhead will be increased greatly such as to cover the PDCCH monitoring periodicity.
Observation 13: If multiple indications lead to conflicted NCR-Fwd behaviors, discarding the periodic indication for forwarding the broadcast signals may lead to coverage hole.
Observation 14: For an NCR supports UL of C-link and backhaul link in TDM, discarding the periodic indication for forwarding the broadcast signals may lead to coverage hole if simultaneous UL transmissions are indicated.
Observation 15: For an NCR supports simultaneous UL of C-link and backhaul link, the total of C-link power  and backhaul link power  may be larger than the configured maximum power  in a slot , i.e., , and power reduction is required.
Observation 16: When an NCR-Fwd is indicated to be “ON” periodically, it cannot be turned OFF for periodic indication, and can be turned OFF by deactivation signaling for semi-persistent indication.

The proposals are:
Proposal 1: For NCR-Fwd access link, the maximum number of used SSB beams and used CSI-RS beams are 4 and 16, respectively.
Proposal 2: RRC configures the time resources and beam information for periodic, semi-persistent, aperiodic beam indications for access link as follows:
· A list of forwarding resource sets, each forwarding resource set includes 
· Index of the resource set
· 	Time-domain behavior of indications: periodic, semi-persistent, aperiodic
· Periodicity for periodic and semi-persistent indications 
· A list of forwarding resources, each includes
· Starting slot defined as the slot offset in one period 
· Access link beam index for periodic indications
· Backhaul link beam (TCI state ID or SRI for C-link)
· Starting symbol and duration within the slot for periodic and semi-persistent indications or NR signal/resource index (e.g., SSB time index, CRI, SRI)
Proposal 3: Periodic beam indication is used to configure the forwarding of cell-specific signals, and the maximum number of forwarding resources  in a forwarding resource set is 4.
Proposal 4: For each semi-persistent beam indication for access link, one RRC signaling is used including the following information:
· A list of  forwarding resource, each is defined as {time resource}
· 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 and reference SCS
· The same periodicity is assumed for all time resource(s) in one semi-persistent beam indication
· The same reference SCS is assumed for all time resource(s) in one semi-persistent beam indication
Proposal 5: For each semi-persistent beam indication for access link, one MAC-CE is used including the following information: 
· Index of the resource set 
· Usage of the MAC-CE, e.g., activation or deactivation 
· A list of backhaul link beams (TCI state ID or SRI for C-link)
· A list of  beams
Proposal 6: Semi-persistent beam indication is used to configure the forwarding of UE-specific signals, the value of  is 16.
Proposal 7: For each aperiodic beam indication, RRC configures a list of  {slot offset} and a list of   {starting symbol, duration}, DCI indicates  {starting symbol, duration}.
Proposal 8: For each aperiodic beam indication, the beams are associated with the time resources according to the indication order in RRC/DCI, and first configured/indicated time resource is associated with the first indicated beam, the second configured/indicated time resource is associated with the second indicated beam, and so on.
Proposal 9: The maximum value of   is 16 for aperiodic beam indication by DCI, i.e., .
Proposal 10: For each aperiodic beam indication, the resource set information should be indicated in DCI.
Proposal 11: For each aperiodic beam indication by DCI, the indication is repeated within a PDCCH monitoring periodicity.
Proposal 12: If a same time resource is indicated with multiple access link beams, periodic indications have higher priority than semi-persistent and aperiodic indications.
Proposal 13: For an NCR indicated with simultaneous UL of C-link and backhaul link, the priority rule should be: PRACH of C-link > UL of backhaul link indicated by periodic indication > UL of backhaul link indicated by semi-persistent / aperiodic indications > other UL transmissions of C-link.
Proposal 14:  For an NCR supports simultaneous UL of C-link and backhaul link, if the total of C-link power  and backhaul link power  is larger than the configured maximum power  in a slot , the transmission power is reduced as:
· if the C-link transmission is with higher priority, the actual backhaul link power is set as , 
· otherwise the actual C-link transmission power is set as .
Proposal 15: The application timeline for NCR periodic / semi-persistent / aperiodic indications follow NR defined timeline, i.e., 10 ms for periodic indication, 3 ms for semi-persistent indication, and 14/28 OFDM symbols for aperiodic indication.
Proposal 16: Explicit NCR-Fwd “OFF” indication is not required.
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