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At the RAN1#110b-e meeting, the following agreements were made for NCR configuration, signaling and procedures [1]: 
	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. 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
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. 
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.


In this contribution, we present our views on remaining issues of RAN1 aspects of control plane signaling and procedures. The discussion on side control information and NCR behavior is provided in our companion contribution [2]. 
Discussion on RAN4 LS
RAN1 received a LS from RAN4, which includes the following questions [3]:
	Question 1: whether NCR-MT part support any UL transmission? if there is any UL transmission, please show some information of UL transmission, e.g. is it PUCCH, PUSCH or SRS or some feedback for the PDSCH or control information?
Question 2:  RAN4 would like to check with RAN1 whether there is any concern to support the FR1 NCR beamforming? 


For question 1, based on the agreement in RAN1#110b-e meeting, PUSCH, PUCCH and SRS is supported for NCR-MT. HARQ-ACK feedback at least for PDSCH carrying the side control information from higher layer is supported, while HARQ-ACK feedback for PDCCH carrying the side control information is FFS (discussed in section 5). Besides, since NCR-MT supports CSI reporting, PUCCH for CSI can be supported. RAN1 did not achieve consensus on SR or other UCI for PUCCH yet. Furthermore, RAN1 discussed NCR-MT can access the network by legacy RACH procedure in RAN1#110b-e meeting. Though RAN1 did not make any agreement considering overlapping with RAN2’s scope, it is common understanding that PRACH can be transmitted by NCR-MT at least for initial access procedure.  Therefore, RAN1 can provide response to RAN4’s question 1 accordingly. The discussion for question 2 is provided in [2].  In short, for question 2, RAN1 can confirm beamforming in FR1 supported by RAN1. Whether beam correspondence can be held in FR1 and potential impact on beam information indication (if any) should be further discussed in RAN4 and RAN1.
Proposal 1: RAN1 provides response to RAN4 that NCR-MT supports UL transmission, including PRACH, PUSCH, PUCCH and SRS. HARQ-ACK and CSI feedback is supported. RAN1 confirms beamforming in FR1 supported by RAN1. Whether beam correspondence can be held in FR1 and potential impact on beam information indication (if any) should be further discussed in RAN4 and RAN1.
PDCCH for side control information 
Configuration of PDCCH
Both dynamic and semi-static indication for side control information is supported for NCR. For dynamic indication, PDCCH carrying side control information should be supported. For semi-persistent indication, PDCCH as activation can be supported.  Considering totally different bit field in PDCCH carrying side control information and existing UL grant or DL assignment, introducing a new DCI format is reasonable. The payload of new DCI format can be configurable, and the maximum payload size no larger than existing DCI format is preferred to ensure robust performance for new DCI format, e.g., no larger than 128 bits. The new DCI format at least includes bit field for side control information and bit field for HARQ-ACK feedback (as discussed in section 4, HARQ-ACK feedback is needed), e.g., HARQ-ACK timing bit field and PUCCH resource indication (PRI) bit field, if more than one K1 timing value and PUCCH resource is configured.  
Proposal 2: Support new DCI format for side control information for NCR. 

If NCR can be configured with multiple side control information, e.g., dynamic on/off information and dynamic beamforming information, single side control information type or multiple side control information types can be carried by a PDCCH. In case of single side control information type per PDCCH, with single new DCI format for all side control information types, mechanism to differentiate side control information type is needed, e.g., a flag bit field in DCI. In case of multiple side control information types per PDCCH, gNB can configure each bit field for each side control information type, similar to existing DCI format 2_0 wherein one or more of SFI, PDCCH switching indication, RB set indication and COT information can be configured in the DCI format 2_0. 
Proposal 3: If NCR can be configured with multiple side control information types, support single side control information type or multiple side control information types in a PDCCH per gNB configuration. 

Beam information carried by PDCCH 
As discussed in our companion contribution [3], beam information for access link can be carried by PDCCH. The PDCCH indicates time domain resources and beam indices. For indicated time domain resources and beam indices, following signaling options can be considered, 
· Option 1: Joint configuration for time domain resources and beam indices by higher-layer signaling, and gNB indicates one set of time domain resources and beam indices by set index in a PDCCH. As shown in table 1 below, gNB configures 64 sets of time domain resources and beam indices, wherein each set consists of Ni time domain resources and Ni beam indices, the value of Ni can be same or different for different set i.  gNB indicates one of 64 sets by 8 bits in a PDCCH.  

Table 1 Joint indication of time domain resources and beam indices
	Sets of time domain resources and beam indices
	Time domain resources & beam indices

	1st set (bit value = 00000000)
	A list of N1 time domain resources & beam indices

	2nd set (bit value = 00000001)
	A list of N2 time domain resources & beam indices

	… 
		…

	64th set (bit value = 11111111)
	A list of N64 time domain resources & beam indices














· Option 2: Separate configuration for time domain resources and beam indices by higher-layer signaling, and gNB indicates time domain resources and beam indices by different bit fields in a PDCCH. Table 2 provides an example. 
gNB configures X1=16 sets of time domain resources and X2=64 sets of beam indices, wherein each set of time domain resources consists of Ni time domain resources and each set of beam indices consists of Mj beam indices.  gNB indicates one of X1 sets by log2 (X1) bits and one of X2 sets by log2 (X2) bits in a PDCCH. For better flexibility, the value of Ni and Mi can be different, and the minimum of Ni and Mj is the number of time domain resources and beam indices to be used, e.g., if Ni=5 and Mj=4, 4 beam indices are applied to the first 4 time domain resources for NCR. Alternatively, the time domain resource and beam index per time domain resource is separately indicated as shown in Figure 1. Assuming up to L beams can be indicated per PDCCH, the number of bits for a time domain resource is Nt and the beam index value is from 0~Ng-1, then, the payload for beam indication and time domain resource bit fields in the PDCCH is totally L*(log2 (Ng)+Nt) bits.  

Table 2-1 & Table 2-2 Separate configuration and indication for time domain resources and beam indices
	Table 2-1 for time domain resources
	Table 2-2 for beam indices

		Sets of time domain resources (X1 =16) 
	Time domain resources

	1st set (bit value = 0000)
	A list of N1 time domain resources  

	2nd set (bit value = 0001)
	A list of N2 time domain resources

	… 
		…

	16th set (bit value = 1111)
	A list of N16 time domain resources



		Sets of beam indices
(X2=64)
	Beam indices

	1st set (bit value = 00000000)
	A list of M1 beam indices 

	2nd set (bit value = 00000001)
	A list of M2 beam indices

	…
	…

	16th set (bit value = 00001111)
	A list of M16 beam indices

	…
	…

	64th set (bit value = 11111111)
	A list of M64 beam indices
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Figure 1  Separate bit field for beam index and time domain resource per resource 

Proposal 4: Study whether joint configuration and indication for time domain resources and beam indices or separate configuration and separate indication for time domain resources and beam indices by different bit field in a PDCCH. 
On/off information carried by PDCCH 
For explicit on/off indication by PDCCH [2], similar to time domain resources indicated for beam operation shown above, time domain resources is indicated by PDCCH for on/off operation. The on or off state for the indicated time domain resources can be pre-defined so no bit field for on/off state is needed, as shown in Figure 2-1. Alternatively,  ‘on’ or ‘off’ state should be indicated together with the set of time domain resources, as shown in Figure 2-2. 
Proposal 5: For explicit on/off by PDCCH, a set of time domain resources is indicated for a pre-defined on or off state or together with on/off states indication for the time domain resources. 

[image: ]
Figure 2-1 Time domain resources without on/off state indication
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Figure 2-2 Time domain resources with on/off state indication

For multi-passband on/off operation, a PDCCH can indicate on/off states for multiple carriers by a single side control information. The PDCCH can indicate separate time domain resources for different carrier group by separate bit field respectively in the PDCCH.  
Proposal 6: Support on/off indication for multiple carrier groups within a PDCCH. Separate time domain resources for different carrier groups can be indicated by the PDCCH. 
PDSCH for side control information 
For semi-static indication, PDSCH carrying side control information by MAC-CE or RRC signaling should be supported. In general, RRC signaling is sufficient for control of NCR behaviour at slow time scale, e.g., for semi-static TDD configuration, periodic beam pattern at least for broadcast channel and also on/off operation, while MAC CE can support relatively faster time scale control (but still much slower than dynamic control by PDCCH), e.g., activation of a subset of beams for access link or indication of a beam for backhaul link. 
Proposal 7: Support semi-static indication for side control information by MAC-CE or RRC signaling by a PDSCH.   
HARQ-ACK feedback for side control information 
It is important for gNB to know whether NCR correctly receives side control information, for both PDCCH and PDSCH case. RAN1 agreed to support HARQ-ACK feedback for PDSCH while FFS for PDCCH case. 
There was some concern on latency for HARQ-ACK feedback for PDCCH. However, it is noted that, the side control information carried by PDCCH may be used for quite long duration, e.g., if PDCCH is to activate semi-persistent side control information, or the PDCCH carriers a side control information which is valid until a new indication is received. And even for one-shot side control information by PDCCH, it may consist of information for multiple slots, e.g., a PDCCH indicates multiple beam indices for multiple slots. For all these cases, the latency of HARQ-ACK feedback is relatively small while it improves reliability of side control information. Furthermore, HARQ-AKC feedback for PDCCH can also help gNB to derive the reason of the failure of UE reception or gNB transmission, e.g., whether the failure is caused by NCR beamforming or other reasons. Therefore, HARQ-ACK feedback for PDCCH should be supported.  
Considering limited side control information PDCCH or PDSCH within a time period, single HARQ-ACK bit in a PUCCH would be sufficient, thus no need of legacy HARQ-ACK codebook (e.g., Type-1 or Type-2 HARQ-ACK codebook). 
Proposal 8: Support HARQ-ACK feedback for PDCCH carrying side control information. Support single bit HARQ-ACK feedback in a PUCCH.
For other UCI type, RAN1 agreed to support CSI feedback, while FFS SR. Considering NCR-MT may not have its own UL traffic, no motivation is observed for SR. 
BFR/BFD/RLM
In RAN1#110b-e meeting, the necessity of BFR/BFD/RLM was discussed without consensus. On one hand, the radio link between gNB and NCR (including backhaul link and control link) would be quite stable considering NCR is stationary, especially when NCR is deployed with sufficient height with LOS channel. On the other hand, considering potential moving blockage, NCR may encounter radio link problem. Then, RLM/BFD/BFR mechanism would be useful to identify the problem and recover timely, which may also reduce impact of NCR-Fwd too. 
When RLF/BF is detected by NCR-MT, the impact on NCR-Fwd and UEs served by the NCR is analysed as below. 
· In case of single carrier for NCR-Fwd, NCR-MT and NCR-Fwd is in the same carrier. 
If RLF is detected by NCR-MT, radio link quality for NCR-Fwd is also poor. If BF is detected by NCR-MT, it may be possible that the beams for NCR-Fwd is still available, considering BFD reference signal (a subset of NCR-MT beams) would be different from the beams for NCR-Fwd. On the other hand, it is very likely that a blockage would block all beams configured for NCR-MT including the beams for NCR-Fwd. 
· In case of multiple carriers for NCR-Fwd, NCR-MT carrier(s) is a sub-set of NCR-Fwd carriers. 
Since NCR-Fwd has carriers other than the carrier for NCR-MT, the radio link quality for these carriers may be acceptable when RLF is detected for NCR-MT carrier. For BFD, similarly, NCR-Fwd may still have available beams. 
For both cases, if a UE’s Pcell is different from NCR-MT carrier, e.g., UE directly accesses gNB in FR1 and UE’s Scell in FR2 is forwarded by NCR, RLF/BF by NCR-MT does not necessarily lead to RLF/BF at UE side, but it has impact on UE’s Scell links. If a UE’s Pcell is forwarded by NCR, the UE may also detect itself experiencing RLF/BF due to NCR backhaul link’s unavailability. Moreover, due to RLF/BF, NCR-MT cannot receive side control information from gNB. If gNB intends to change NCR-Fwd access link or backhaul link operation during RLF/BF at NCR-MT, e.g., dynamically change beams for access link, NCR-Fwd cannot use the up-to-date side control, which may lead to a service interruption to the NCR served UEs as well as increased interference. 
Proposal 9: Existing BFR/BFD/RLM can be supported for NCR-MT.
· FFS NCR-Fwd behaviour, when RLF/BF is detected by NCR-MT. 
Others
As the function of NCR-MT is to communicate with gNB to enable the information change, it is clear that the NCR-MT does not have to support all of the mandatory functionality of a UE.  For example, HO is not supported for the NCR. Thus, only a subset of existing mandatory UE feature needs to be supported by NCR.  Details can be discussed in a later phase of the WI. 
Proposal 10: It is not essential to support of all mandatory features for an NCR-MT.  This can be discussed in a later phase of the WI.   
To enable efficient control for NCR by gNB, some kinds of NCR report is helpful, which includes capability report for both NCR-MT and NCR-Fwd. For NCR-Fwd capability, as discussed in [2], NCR can at least report beam characteristics for access link so that gNB can decide a proper beam configuration for NCR. For multi-passband case, NCR can report supported operating band(s) and passband(s) information so that gNB can decide the carrier groups for independent on/off operation. 
Proposal 11: Support NCR capability report for both NCR-MT and NCR-Fwd, such beam relevant information and passband information. 
[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on RAN1 aspects for control plane signaling and procedures. Further, we summarize the proposals as follows:
Proposal 1: RAN1 provides response to RAN4 that NCR-MT supports UL transmission, including PRACH, PUSCH, PUCCH and SRS. HARQ-ACK and CSI feedback is supported. RAN1 confirms beamforming in FR1 supported by RAN1. Whether beam correspondence can be held in FR1 and potential impact on beam information indication (if any) should be further discussed in RAN4 and RAN1.
Proposal 2: Support new DCI format for side control information for NCR. 
Proposal 3: If NCR can be configured with multiple side control information types, support single side control information type or multiple side control information types in a PDCCH per gNB configuration. 
Proposal 4: Study whether joint configuration and indication for time domain resources and beam indices or separate configuration and separate indication for time domain resources and beam indices by different bit field in a PDCCH. 
Proposal 5: For explicit on/off by PDCCH, a set of time domain resources is indicated for a pre-defined on or off state or together with on/off states indication for the time domain resources. 
Proposal 6: Support on/off indication for multiple carrier groups within a PDCCH. Separate time domain resources for different carrier groups can be indicated by the PDCCH. 
Proposal 7: Support semi-static indication for side control information by MAC-CE or RRC signaling by a PDSCH. FFS details for each side control information by MAC-CE and/or RRC signaling.  
Proposal 8: Support HARQ-ACK feedback for PDCCH carrying side control information. Support single bit HARQ-ACK feedback in a PUCCH.
Proposal 9: Existing BFR/BFD/RLM can be supported for NCR-MT.
· Study NCR-Fwd behaviour, when RLF/BF is detected by NCR-MT. 
Proposal 10: It is not essential to support of all mandatory features for an NCR-MT.  This can be discussed in a later phase of the WI.   
Proposal 11: Support NCR capability report for both NCR-MT and NCR-Fwd, such beam relevant information and passband information. 
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