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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution discusses the remaining issues for NCR and provides the draft TPs.

Aperiodic beam indication
The NCR-MT can be configured to monitor DCI format 2_8 for aperiodic beam indication of the access link. A time resource and a corresponding beam index are indicated by corresponding fields in DCI format 2_8. However, the number of codepoints of the time resource indication field and beam index field may not always match the number of configured time resources and the number of configured beams for NCR access link. This can lead to unspecified NCR behaviors for some codepoints. For example, in Table 1, there are two possible NCR behaviors when an indicated beam index  or an indicated time resource  is larger than the maximum configured value of beams or time resources for NCR-Fwd. The maximum configured value is derived from network configurations, i.e.,  is the number of OAM configured access link beams for NCR-Fwd, and  is the number of time resources in RRC configured list [1][2]. 
[bookmark: _Ref146047757]Observation 1: The NCR behaviors are unspecified when the beam index field or time resource indication field in DCI format 2_8 indicates a larger value than the maximum number of used/configured beams or time resources for NCR-Fwd. 
[bookmark: _Ref146044717][bookmark: _Ref126268739]Table 1 Beam index and time resource indications in DCI format 2_8 and corresponding NCR behaviours
	Cases 
	beam index 
	time resource 
	NCR behaviors 

	1
	
	
	Option 1: The indications are valid; NCR-Fwd forwards signal according to the indication 

	2
	
	
	Option 1: the indications are valid; the indicated beam is remapped and NCR-Fwd forwards signal according to the indication.
Option 2: the indications are invalid; NCR-MT ignores the indication.

	3
	
	
	Option 1: the indications are valid; the indicated beam is remapped and NCR-Fwd forwards signal according to the indication.
Option 2: the indications are invalid. NCR-MT ignores the indication.

	4
	
	
	Option 1: the indications are valid; the indicated beam and time resource are remapped, and NCR-Fwd forwards signal according to the indication.
Option 2: the indications are invalid. NCR-MT ignores the indication.



In the above two options, option 1 is simpler and more efficient since the same rule can be applied for both beam index and time resource indications. The indicated beam  can be remapped to a valid beam, i.e.,  and the indicated time resource can be remapped to a valid time resource, i.e., . On the other hand, if the indications are taken as invalid, there is at least one issue which requires further discussion. For example, if the invalid aperiodic indication overlaps in time with the periodic/semi-persistent beam indication without priority flag, which one has higher priority? There is no compelling reason to choose one over the other but NCR behavior needs to be clarified in any case. To keep a minimum impact to the current specification, we propose to adopt option 1.
[bookmark: _Ref146047777]Proposal 1: The indicated values of beam index and time resource indication are defined as follows
· The indicated beam  is cyclically mapped to the used  access beams, i.e., ; 
· The indicated time resource  is cyclically mapped to the  configured time domain resources, i.e., . 
[bookmark: _Ref146047783]Proposal 2: Adopt the following TP on NCR aperiodic indication for clause 7.3.1.3.9 of TS 38.212.
	[bookmark: _Toc146106283]7.3.1.3.9	Format 2_8
DCI format 2_8 is used for notifying the aperiodic beam indication and associated time resources 
The following information is transmitted by means of the DCI format 2_8 with CRC scrambled by NCR-RNTI:
-	Beam index 1, Beam index 2, …, Beam index N
	The bitwidth of each beam index field is determined by the higher layer parameter ncr-AperiodicBeamFieldWidth. An indicated beam index is cyclically mapped to the used access beams.
-	Time resource indication 1, Time resource indication 2, …, Time resource indication N
[bookmark: OLE_LINK66]	The bitwidth of each time resource indication field is determined by max, where  is the number of time domain resources configured by ncr-AperiodicFwdConfig. The bit field indexes of a time resource indication field are cyclically mapped to the time domain resources configured by ncr-AperiodicFwdConfig according to an ascending order of a resource identity configured by ncr-AperiodicFwdTimeResourceId, with the bit field index 0 mapped to the time resource with the smallest resource identity.
[bookmark: OLE_LINK3]The N beam indexes are sequentially associated with the N time resource indications with one to one mapping. N is configured by the higher layer parameter numberOfFields. The size of DCI format 2_8 is up to 128 bits.



[bookmark: _Ref127368003]Priority rules for conflicted indications
[bookmark: OLE_LINK1]According to [2], NCR-Fwd follows the prioritized beam indication over conflicted symbols, while the lower priority indication is invalid in the conflicted symbols and valid in the remaining indicated time resources. However, the forwarding of non-overlapped symbols for a lower priority indication in a time slot with overlapping may lead to inter-UE interference. An example for two conflicted indications is shown in Figure 1. As shown in (a), two indications are overlapped in OFDM symbol {#2, #3, #4, #5} of slot 1. For UE1 and UE2 which can receive signals from the gNB and NCR at the same time, the signal component forwarded by the NCR in {#0, #1, #6~#13} and in {#2~#5} of slot 1 are different due to NCR beam switching, thus the channel estimated in {#0, #1, #6~#13} may not be usable for {#2~#5}, as shown in Figure 1(b). Even worse, this may lead to inter-UE interference (e.g., MU-MIMO) due to different observed channels over the symbols. 
	[image: ]
(a) conflicted indications

	[image: ]
(b) If only the overlapped symbols are invalid, the UE signal will experience different channels over different OFDM symbols in slot 1
	[image: ]
(c) If the time resource in overlapped slots are invalid, UE received signal will experience the same channel in slot 1


[bookmark: _Ref135070431]Figure 1 Indication conflicts and impacts of different alternatives 
[bookmark: _Ref131087196]Observation 2: For conflicted forwarding resources of different indications, the forwarding of non-overlapped symbols for a lower priority indication in a time slot with overlapping may lead to inter-UE interference. 
[bookmark: _Ref131087207][bookmark: _Ref114518807]To solve the above problem, the beam indication with low priority should be invalid based on slot. In a slot with conflict, only the beam and the associated time resource of the high-priority indication is valid. As a result, the UE reception in slot 1 is possible since the experienced channel in the whole time slot is consecutive, as shown in Figure 1(c). 
[bookmark: _Ref131087384]Proposal 3: For conflicted forwarding resources of different indications, the indicated time in a slot by a lower priority indication is valid if there is no overlapping in the slot, otherwise it is invalid. 
[bookmark: _Ref146047792]Proposal 4: Adopt the following TP on NCR for clause 20 of TS 38.213.
	[bookmark: _Toc146214498]20	Network controlled repeater
< Unchanged parts are omitted >
If 
-	a first time resource provided by NCR-SemiPersistentFwdResourceSet is indicated by a MAC CE command and is associated with a first beam index, and 
-	a second time resource is provided by NCR-PeriodicFwdResourceSet and is associated with a second beam index, and 
-    the first time resource overlaps with the second time resource in a set of symbolstime slots, and
the NCR applies the first beam index and the associated time resource for transmissions or receptions on the access link in the set of symbolstime slots. 
If 
-	a first time resource is provided by NCR-PeriodicFwdResourceSet or NCR-SemiPersistentFwdResourceSet and is associated with a first beam index, and 
-	a second time resource is indicated by DCI format 2_8 and is associated with a second beam index provided by the DCI format 2_8, and
-    the first time resource overlaps with the second time resource in a set of symbolstime slots,
the NCR applies, for transmissions or receptions on the access link in the set of symbolstime slots, 
-	the first beam index and the associated time resource if NCR-PeriodicFwdResourceSet or NCR-SemiPersistentFwdResourceSet includes priorityFlag, and
-	the second beam index and the associated time resource if NCR-PeriodicFwdResourceSet or NCR-SemiPersistentFwdResourceSet does not include priorityFlag.
< Unchanged parts are omitted >



Multiplexing between C-link and backhaul link
TDMed UL transmission
TDMed UL transmission of C-link and backhaul link is agreed as a default capability for NCR, but the behavior of NCR with this default capability under simultaneous UL transmissions is unspecified. In this case, one of UL transmissions will be discarded, which may lead to coverage holes. For example, if the backhaul link is discarded, i.e., NCR-Fwd stops forwarding of UL cell-specific signals (e.g., it is expected that typically NCR is provided by periodic indication with priority flag for cell-specific signals), the PRACH of the UEs served via NCR may be impacted. To solve the above problem, the priority between the UL transmissions of C-link and backhaul link should be defined, with periodic indication with priority flag having a higher priority than the UL of C-link. For other cases, the C-link has a higher priority than the backhaul link.
[bookmark: _Ref114518732]Observation 3: For an NCR supporting TDMed UL transmission of C-link and backhaul link, discarding the forwarding of cell-specific signals on the backhaul link may lead to coverage holes if simultaneous UL transmissions are indicated. 
[bookmark: _Ref114518810]Proposal 5: In case of simultaneous UL transmissions of C-link and backhaul link, the following priority rule is defined for NCR supporting TDMed UL transmission: UL of backhaul link indicated by periodic indication with priority flag > UL transmissions of C-link > other UL of backhaul link. 
[bookmark: _Ref146536787]Proposal 6: Adopt the following TP on NCR for clause 20 of TS 38.213.
	20	Network controlled repeater
< Unchanged parts are omitted>
When the NCR does not simultaneously transmit on the control link and the backhaul link
-	if a time slot is indicated for simultaneous transmissions on the control link and on the backhaul link, 
-	if the indication for the backhaul link is provided by NCR-PeriodicFwdResourceSet and priorityFlag is included, the NCR transmits on the backhaul link.  
-	else, the NCR transmits on the control link.
-	if the NCR does not support determination of a spatial filter for transmissions on the backhaul link based on an indication of a unified TCI state or SRI by the serving cell, or if the NCR-MT does not receive an indication of a unified TCI state or SRI for determining a spatial filter, for transmissions on the backhaul link
-	if the NCR does not receive an indication of a unified TCI state for transmissions by the NCR-MT, transmissions on the backhaul link use a same spatial filter as the one associated with the PUCCH resource with the smallest pucch-ResourceId in PUCCH-ResourceSet 
-	else, transmissions on the backhaul link use a spatial filter corresponding to an indicated unified TCI state for transmissions by the NCR-MT. 
-	else transmissions on the backhaul link use a spatial filter corresponding to a unified TCI state or SRI provided by a MAC CE [11, TS 38.321].
< Unchanged parts are omitted >



FDMed UL transmission
FDMed UL transmissions of C-link and backhaul link is agreed as an optional capability for NCR. However, the power allocation between C-link and backhaul link is unspecified. If the total power of C-link  and backhaul link  is larger than the configured maximum power  in a slot , i.e., , one of the transmit powers should be reduced. Similar to NR, the power allocation can be based on the signal priorities of C-link and backhaul link. The priority rule has been discussed in section 4.1 and the same rule can be applied here. Specifically, if the C-link has higher priority, the transmit power for C-link is set as  and the transmit power for the backhaul link is set as , otherwise, the transmit power for the backhaul link is set as  and the transmit power for the C-link is set as .  
[bookmark: _Ref127375715]Observation 4: For an NCR supporting simultaneous UL transmissions of C-link and backhaul link, the power allocation is unspecified when the total power of C-link  and backhaul link  is larger than the configured maximum power  in a slot , i.e., . 
[bookmark: _Ref127375733]Proposal 7: For an NCR supporting simultaneous UL transmissions of C-link and backhaul link, the transmit power for the C-link  and backhaul link  in slot  are determined as follows: 
· If the UL of backhaul link is indicated by periodic indication with priority flag, the transmit power for the C-link is set as  and the transmit power for the backhaul link is set as  
· Otherwise, the transmit power for the  C-link is set as  and the transmit power for the backhaul link is set as .
[bookmark: _Ref146047805]Proposal 8: Adopt the following TP on NCR for clause 20 of TS 38.213.
	20	Network controlled repeater
< Unchanged parts are omitted>
When the NCR simultaneously receives via both the control link and the backhaul link in a set of symbols, a TCI state for receptions on the backhaul link is same as a TCI state for receptions on the control link in the set of symbols. When the NCR simultaneously transmits via both the control link and the backhaul link in a set of symbols, a spatial filter for transmissions on the backhaul link is same as a spatial filter for transmissions on the control link in the set of symbols.
When the NCR simultaneously transmits via the control link and the backhaul link in slot and  is the linear value of the configured maximum total transmission power, if the indication for the backhaul link is provided by NCR-PeriodicFwdResourceSet and priorityFlag, the transmit power for the control link is set as  and the transmit power for the backhaul link is set as, otherwise, the transmit power for the control link is set as and the transmit power for the backhaul link is set as  .
< Unchanged parts are omitted >



Timing for backhaul link and access link
The transmission and reception timing were defined for NCR in the SI phase, but it is not captured in [2]. The specification is incomplete compared to IAB, wherein the IAB timing for both the backhaul link and access link are specified in 38.213. 
[bookmark: _Ref146047809]Proposal 9: The timing for NCR backhaul link and access link should be specified in TS 38.213. 
There are two different UL Tx timings for NR, and the backhaul link transmission timing should be determined based on the two timings. In NR, a timing advance  is applied for UL transmissions, wherein  is 0 for PRACH and is the current TA for other UL transmissions. Similarly, it should be clarified which of NCR-MT transmission timings should be applied at a given time for the backhaul link. Given that the PRACH occasion for NCR-MT and the UEs are the same, one straightforward way is to apply NCR-MT PRACH timing for NCR-Fwd backhaul link in NCR-MT PRACH occasions. For other time instances, the “normal” UL Tx timing of NCR-MT for channels/signals other than PRACH is applied.
[bookmark: _Ref146047812]Proposal 10: If the transmission is overlapping with PRACH occasions of NCR-MT, the backhaul link assumes , otherwise  is the same as the NCR-MT timing advance. 
[bookmark: _Ref146047816]Proposal 11: Adopt the following TP on NCR timing for clause 20 of TS 38.213.
	20	Network controlled repeater
< Unchanged parts are omitted>
The NCR-Fwd transmits or receives only after the NCR-MT receives on the control link an indication for one or more beams [20, TS 38.106] for the NCR-Fwd to use for transmissions or receptions over corresponding one or more time resources on the access link. 
The transmission timing on the backhaul link overlapping with a PRACH occasion of NCR-MT is the same as the transmission timing of NCR-MT PRACH on the control link. Otherwise, the transmission timing on the backhaul link is the same as UL transmission timing of NCR-MT other than PRACH on the control link. The reception timing on the backhaul link and on the control link is same. A time for transmissions on the access link incurs an NCR-specific delay relative to a time for receptions on the backhaul link. The NCR-Fwd advances by the NCR-specific delay a time for receptions on the access link relative to a time for transmissions on the backhaul link.
< Unchanged parts are omitted>



[bookmark: _Ref129681832]Conclusion
According to the above discussions, we have the following observations and proposals:
Observation 1: The NCR behaviors are unspecified when the beam index field or time resource indication field in DCI format 2_8 indicates a larger value than the maximum number of used/configured beams or time resources for NCR-Fwd.
Observation 2: For conflicted forwarding resources of different indications, the forwarding of non-overlapped symbols for a lower priority indication in a time slot with overlapping may lead to inter-UE interference.
Observation 3: For an NCR supporting TDMed UL transmission of C-link and backhaul link, discarding the forwarding of cell-specific signals on the backhaul link may lead to coverage holes if simultaneous UL transmissions are indicated.
Observation 4: For an NCR supporting simultaneous UL transmissions of C-link and backhaul link, the power allocation is unspecified when the total power of C-link  and backhaul link  is larger than the configured maximum power  in a slot , i.e., .

Proposal 1: The indicated values of beam index and time resource indication are defined as follows
· The indicated beam  is cyclically mapped to the used  access beams, i.e., ; 
· The indicated time resource  is cyclically mapped to the  configured time domain resources, i.e., .
Proposal 2: Adopt the following TP on NCR aperiodic indication for clause 7.3.1.3.9 of TS 38.212. 
	7.3.1.3.9	Format 2_8
DCI format 2_8 is used for notifying the aperiodic beam indication and associated time resources 
The following information is transmitted by means of the DCI format 2_8 with CRC scrambled by NCR-RNTI:
-	Beam index 1, Beam index 2, …, Beam index N
	The bitwidth of each beam index field is determined by the higher layer parameter ncr-AperiodicBeamFieldWidth. An indicated beam index is cyclically mapped to the used access beams.
-	Time resource indication 1, Time resource indication 2, …, Time resource indication N
	The bitwidth of each time resource indication field is determined by max, where  is the number of time domain resources configured by ncr-AperiodicFwdConfig. The bit field indexes of a time resource indication field are cyclically mapped to the time domain resources configured by ncr-AperiodicFwdConfig according to an ascending order of a resource identity configured by ncr-AperiodicFwdTimeResourceId, with the bit field index 0 mapped to the time resource with the smallest resource identity.
The N beam indexes are sequentially associated with the N time resource indications with one to one mapping. N is configured by the higher layer parameter numberOfFields. The size of DCI format 2_8 is up to 128 bits.


Proposal 3: For conflicted forwarding resources of different indications, the indicated time in a slot by a lower priority indication is valid if there is no overlapping in the slot, otherwise it is invalid.
Proposal 4: Adopt the following TP on NCR for clause 20 of TS 38.213. 
	20	Network controlled repeater
< Unchanged parts are omitted >
If 
-	a first time resource provided by NCR-SemiPersistentFwdResourceSet is indicated by a MAC CE command and is associated with a first beam index, and 
-	a second time resource is provided by NCR-PeriodicFwdResourceSet and is associated with a second beam index, and 
-    the first time resource overlaps with the second time resource in a set of symbolstime slots, and
the NCR applies the first beam index and the associated time resource for transmissions or receptions on the access link in the set of symbolstime slots. 
If 
-	a first time resource is provided by NCR-PeriodicFwdResourceSet or NCR-SemiPersistentFwdResourceSet and is associated with a first beam index, and 
-	a second time resource is indicated by DCI format 2_8 and is associated with a second beam index provided by the DCI format 2_8, and
-    the first time resource overlaps with the second time resource in a set of symbolstime slots,
the NCR applies, for transmissions or receptions on the access link in the set of symbolstime slots, 
-	the first beam index and the associated time resource if NCR-PeriodicFwdResourceSet or NCR-SemiPersistentFwdResourceSet includes priorityFlag, and
-	the second beam index and the associated time resource if NCR-PeriodicFwdResourceSet or NCR-SemiPersistentFwdResourceSet does not include priorityFlag.
< Unchanged parts are omitted >


Proposal 5: In case of simultaneous UL transmissions of C-link and backhaul link, the following priority rule is defined for NCR supporting TDMed UL transmission: UL of backhaul link indicated by periodic indication with priority flag > UL transmissions of C-link > other UL of backhaul link.
Proposal 6: Adopt the following TP on NCR for clause 20 of TS 38.213.
	20	Network controlled repeater
< Unchanged parts are omitted>
When the NCR does not simultaneously transmit on the control link and the backhaul link
-	if a time slot is indicated for simultaneous transmissions on the control link and on the backhaul link, 
-	if the indication for the backhaul link is provided by NCR-PeriodicFwdResourceSet and priorityFlag is included, the NCR applies the transmission on the backhaul link.  
-	Else the NCR applies the transmission on the control link.
-	if the NCR does not support determination of a spatial filter for transmissions on the backhaul link based on an indication of a unified TCI state or SRI by the serving cell, or if the NCR-MT does not receive an indication of a unified TCI state or SRI for determining a spatial filter, for transmissions on the backhaul link
-	if the NCR does not receive an indication of a unified TCI state for transmissions by the NCR-MT, transmissions on the backhaul link use a same spatial filter as the one associated with the PUCCH resource with the smallest pucch-ResourceId in PUCCH-ResourceSet 
-	else, transmissions on the backhaul link use a spatial filter corresponding to an indicated unified TCI state for transmissions by the NCR-MT. 
-	else transmissions on the backhaul link use a spatial filter corresponding to a unified TCI state or SRI provided by a MAC CE [11, TS 38.321].
< Unchanged parts are omitted >


Proposal 7: For an NCR supporting simultaneous UL transmissions of C-link and backhaul link, the transmit power for the C-link  and backhaul  in slot 𝑖 are determined as follows:
· If the UL of backhaul link is indicated by periodic indication with priority flag, the transmit power for the C-link is set as  and the transmit power for the backhaul link is set as  
· Otherwise, the transmit power for the  C-link is set as  and the transmit power for the backhaul link is set as .
Proposal 8: Adopt the following TP on NCR for clause 20 of TS 38.213. 
	20	Network controlled repeater
< Unchanged parts are omitted>
When the NCR simultaneously receives via both the control link and the backhaul link in a set of symbols, a TCI state for receptions on the backhaul link is same as a TCI state for receptions on the control link in the set of symbols. When the NCR simultaneously transmits via both the control link and the backhaul link in a set of symbols, a spatial filter for transmissions on the backhaul link is same as a spatial filter for transmissions on the control link in the set of symbols.
When the NCR simultaneously transmits via the control link and the backhaul link in slot and  is the linear value of the configured maximum total transmission power, if the indication for the backhaul link is provided by NCR-PeriodicFwdResourceSet and priorityFlag, the transmit power for the control link is set as  and the transmit power for the backhaul link is set as, otherwise, the transmit power for the control link is set as and the transmit power for the backhaul link is set as  .
< Unchanged parts are omitted >


Proposal 9: The timing for NCR backhaul link and access link should be specified in TS 38.213.
Proposal 10: If the transmission is overlapping with PRACH occasions of NCR-MT, the backhaul link assumes , otherwise  is the same as the NCR-MT timing advance.
Proposal 11: Adopt the following TP on NCR timing for clause 20 of TS 38.213.
	20	Network controlled repeater
< Unchanged parts are omitted>
The NCR-Fwd transmits or receives only after the NCR-MT receives on the control link an indication for one or more beams [20, TS 38.106] for the NCR-Fwd to use for transmissions or receptions over corresponding one or more time resources on the access link. 
The transmission timing on the backhaul link overlapping with a PRACH occasion of NCR-MT is the same as the transmission timing of NCR-MT PRACH on the control link. Otherwise, the transmission timing on the backhaul link is the same as UL transmission timing of NCR-MT other than PRACH on the control link. The reception timing on the backhaul link and on the control link is same. A time for transmissions on the access link incurs an NCR-specific delay relative to a time for receptions on the backhaul link. The NCR-Fwd advances by the NCR-specific delay a time for receptions on the access link relative to a time for transmissions on the backhaul link.
< Unchanged parts are omitted>
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