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Introduction
In RAN1#110bis-e [1], the assumptions of NCR-MT for receiving side control signaling and maintaining backhaul link were discussed. In this paper, we discuss the following remaining issues:
· Whether HARQ-ACK feedback for PDCCH carrying side control information is supported. 
· BFD /BFR/RLM procedure for NCR 

[bookmark: _Ref127033026]ACK/NACK feedback for PDCCH carrying the side control information 
The following was agreed for the HARQ-ACK and aperiodic indication of side control information in the previous meetings [1][2]:
	Agreement [RAN1#110bis-e]
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 [RAN1#111]
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.


[bookmark: _Ref114518823]The terminology “HARQ-ACK” was changed from ‘HARQ-ACK’ to ‘ACK/NACK’ in the last meeting [2] since there is no retransmission, and there is still no consensus about ACK/NACK for aperiodic indication by DCI. In our view, ACK for DCI is redundant due to the following three reasons: 
· The backhaul link is of high quality, the PDCCH error detection probability is very low. 
· ACK/NACK leads to extra control delay and overhead, but without limited benefits 
· ACK/NACK link is of much lower reliability than PDCCH link, and incorrect, or missed, detection of ACK/NACK at gNB leads to further problems
Firstly, the link quality from gNB to NCR is expected to be above 10s of dB such as to support 16QAM or higher modulations which are required by UE (E.g., the minimum required SNR = 14.14 dB for PDSCH with 16QAM and code rate of 0.48 [4]). And such a link quality is expected to achieve quite a low error probability for PDCCH. 
[bookmark: _Ref117847215]Observation 1: The link between gNB and NCR is expected to provide quite a low error probability for PDCCH of C-link. 
ACK/NACK of PDCCH leads to negative impacts on the network performance with NCR but without any performance benefits. If the PDCCH is correctly received, the ACK leads to transmission delay, increased PUCCH overhead, and increased gNB/NCR complexity. Else if PDCCH detection is missed/incorrect, NCR-Fwd will be OFF over the indicated time resources. In the latter case, the SNR of backhaul link is expected to be very low (e.g., around the minimum required SNR = 0.1 dB [4]), and the end-to-end SNR at UE is much lower (). With such a low end-to-end SNR, the NCR forwarding link is impossible to support normal data transmission and OFF is the best option. 
[bookmark: _Ref118401039]Observation 2: ACK/NACK feedback of PDCCH doesn’t provide performance benefit. Rather, it leads to transmission delay, increased PUCCH overhead, and increased gNB/NCR complexity for the network. 
Moreover, NCR-MT ACK/NACK message may be incorrectly received or missed by gNB, as shown by Figure 1. And the ACK/NACK message transmission failure probability is expected to be much higher than the PDCCH error probability, due to the fact that the uplink performance is much worse than downlink (e.g., PDCCH is with MPL 143.09 dB and PUCCH Format 1 is with MPL 127.85, the coverage gap is ~15 dB) in FR2 [3]. The mismatch between gNB and NCR causes interference. For example, in Figure 2, a target gNB transmits a PDCCH carrying side control information to an NCR, and NCR-MT succeeded in decoding the PDDCH but its ACK/NACK is missed at gNB. In this case, NCR forwards signal while gNB assumes there is no forwarding at the PDCCH indicated time. As a result, NCR-Fwd will forwards unexpected signal and noise at the indicated time slot, which causes interference for gNB reception or transmission for another UE. 
[bookmark: _Ref117847219]Observation 3: The error or miss detection probability of ACK/NACK for PDCCH is expected to be higher than the error probability of PDCCH. If the ACK/NACK is failed, NCR may forward unexpected signal and noise for gNB, which causes interference for the network. 
[image: ]
[bookmark: _Ref117796585]Figure 1 NCR-MT’s HARQ feedback failed 

[image: ]
[bookmark: _Ref117799865]Figure 2 NCR-Fwd forwards unexpected signal for gNB due to ACK/NACK failure 
Base on the above discussions, we propose:
[bookmark: _Ref117847239]Proposal 1: ACK/NACK feedback for PDCCH carrying side control information is not supported by NCR-MT.

BFD/BFR/RLM for NCR
The following was agreed for NCR-MT BFD/BFR/RLM [2]:
	Agreement
As optional functionalities for NCR-MT, at least Rel-15 legacy BFD/BFR/RLM mechanisms are supported
•	FFS: The behavior of NCR-Fwd when BFR/RLF happen in C link. 


In NR, a UE can be provided with RS set  for beam failure detection (BFD), and a RS set  for new beam selection, and both the RS sets include CSI-RS and/or SSB. The UE evaluates the hypothetic BLER of PDCCH based on the measurements in set  and compares it with a configured out-of-sync BLER, e.g., 10%, for periodically determining whether a beam failure instance (BFI) occurs. After BFI counter achieves a configured number (ranging from 1 to 10), the UE can determine the beam failure is detected. If beam failure is detected, the UE can measure the L1-RSRP of RSs in set  and RS  with RSRP larger than Qin,LR threshold is selected as the new beam for beam failure recovery (BFR) and reporting.
For NCR-MT, the same methods can be reused for the BFD and BFR of the C-link. However, for NCR-Fwd, the link quality requirement for NCR-MT and NCR-Fwd is quite different, considering that the UE received signal quality is much worse than that of NCR-MT in C-link (i.e., ), as mentioned in section 2. For example, assume there is a blockage in backhaul link and pathloss is increasing over time. The RSRP corresponding to a C-link/forwarding link beam are shown in Figure 3. Due to the lower RSRP (or SNR) at UE, the UE would detect the beam failure at t1 or the target data rate cannot be satisfied, which can be considered as beam failure due to NCR-Fwd backhaul link. Meanwhile, NCR-MT would not detect the beam failure until t2. Therefore, during the time [t1, t2], the C-link/backhaul beam is still qualified for NCR-MT but unable to meet the beam quality requirement for the forwarding link between gNB and UE.
[bookmark: _Ref127035492]Observation 4: The required link quality thresholds for the forwarding of NCR-Fwd are much larger than that of NCR-MT.
[image: ]
[bookmark: _Ref127034028]Figure 3 Beam failure detection of NCR and UE 
[bookmark: _Ref126317665]To ensure that the signal forwarding is beneficial for the network, additional threshold Qout,Fwd for beam failure detection of NCR-Fwd can be configured, and QOut,Fwd of NCR-Fwd should be  higher than QOut,LR of NCR-MT. When the beam failure is detected for NCR-Fwd, i.e., RSRP is lower than Qout,Fwd, NCR-MT can report NCR-Fwd beam failure indication to gNB via an MAC CE. Then, gNB can trigger a CSI-reporting procedure to NCR-MT for searching a better backhaul link beam. 
Alternatively, NCR-MT can find a qualified backhaul link beam qnew with RSRP higher than Qin,Fwd if beam failure is detected for NCR-Fwd, and Qin,Fwd is configured for the NCR-Fwd beam failure recovery, which should be much higher than Qin,LR of the NCR-MT. 
[bookmark: _Ref126317671]Proposal 2: For NCR-Fwd, two additional RSRP thresholds Qout,Fwd and Qin,Fwd are configured for NCR-Fwd beam failure and recovery: 
· The backhaul link beam is not used for signal forwarding if the link quality falls down Qout,Fwd 
· A backhaul link beam can be used for signal forwarding if the link quality is above Qin,Fwd.
[bookmark: _Ref127391136]Proposal 3: If the beam failure is detected for NCR-Fwd, NCR-MT can report an NCR-Fwd failure and a qualified backhaul link beam qnew to the gNB.
Besides, NCR-MT applies the new beam of  to CORESET 0 and PUCCH in C-link after 28 symbols from PDCCH reception in a search space set provided by recoverySearchSpaceId. In NR BFR procedures, there is also a time interval between beam failure detection and the application time of the new founded beam , which may include beam measurement, PRACH transmissions, and the RAR reception. As a result, the time interval due to beam failure detection and recovery can be up to 10s ms + 28 OFDM symbols for NCR-MT, and so does for NCR-Fwd (since it has been agreed that the backhaul link beam is predefined to be C-link beam if no dedicated indication). This has an undesirable impact on the UEs served by NCR.
[bookmark: _Ref127391117]Observation 5: If there is BFD/BFR for NCR-MT, the time interval between beam failure detection and the application time of the new candidate beam can be up to 10s ms. 
To reduce the time for a new beam applied for NCR-Fwd, the new beam can be directly applied to backhaul link after a pre-defined duration from PRACH transmission, e.g. 28 OFDM symbols. In such case, the new beam application time in backhaul link is referred to the PRACH timing rather than the PDCCH reception timing, and the earlier beam application time can at most reduce the beam failure time in BH link by the length of the RAR window (at most 10ms). By doing this, the beam failure time for the UE served via NCR can be reduced.  
[bookmark: _Ref126317677]Proposal 4: If beam failure is detected by NCR-MT, the new candidate beam can be directly applied to backhaul link after a pre-defined duration from the PRACH transmission.
When the beam failure is detected for either NCR-MT or NCR-Fwd, the backhaul link quality is expected to be with low SNR. Such a lower SNR makes the forwarding useless and even increase the noise at gNB and UE. Thus, NCR-Fwd should be OFF during the time interval between the beam failure detected time and beam failure recovered time.
[bookmark: _Ref127391123]Observation 6: If there is BFR/RLF at C-link, the backhaul link quality is expected to be with low SNR, and NCR-Fwd is not able to help the data transmission between gNB and UE. 
[bookmark: _Ref127391141]Proposal 5: During the time interval between the beam failure detected time and beam failure recovered time, NCR-Fwd should be OFF or not forwarding.

Conclusions
The contribution provides our considerations on NCR-MT, and the observations are listed as following:
Observation 1: The link between gNB and NCR is expected to provide quite a low error probability for PDCCH of C-link.
Observation 2: ACK/NACK feedback of PDCCH doesn’t provide performance benefit. Rather, it leads to transmission delay, increased PUCCH overhead, and increased gNB/NCR complexity for the network.
Observation 3: The error or miss detection probability of ACK/NACK for PDCCH is expected to be higher than the error probability of PDCCH. If the ACK/NACK is failed, NCR may forward unexpected signal and noise for gNB, which causes interference for the network.
Observation 4: The required link quality thresholds for the forwarding of NCR-Fwd are much larger than that of NCR-MT. 
Observation 5: If there is BFD/BFR for NCR-MT, the time interval between beam failure detection and the application time of the new candidate beam can be up to 10s ms.
[bookmark: _GoBack]Observation 6: If there is BFR/RLF at C-link, the backhaul link quality is expected to be with low SNR, and NCR-Fwd is not able to help the data transmission between gNB and UE.

The proposals are:
Proposal 1: ACK/NACK feedback for PDCCH carrying side control information is not supported by NCR-MT.
Proposal 2: For NCR-Fwd, two additional RSRP thresholds Qout,Fwd and Qin,Fwd are configured for NCR-Fwd beam failure and recovery:
· The backhaul link beam is not used for signal forwarding if the link quality falls down Qout,Fwd 
· A backhaul link beam can be used for signal forwarding if the link quality is above Qin,Fwd.
Proposal 3: If the beam failure is detected for NCR-Fwd, NCR-MT can report an NCR-Fwd failure and a qualified backhaul link beam qnew to the gNB.
Proposal 4: If beam failure is detected by NCR-MT, the new candidate beam can be directly applied to backhaul link after a pre-defined duration from the PRACH transmission. 
Proposal 5: During the time interval between the beam failure detected time and beam failure recovered time, NCR-Fwd should be OFF or not forwarding.
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