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In this contribution, the remaining issues for side control information and NCR behavior are discussed.
Discussion
Subcarrier spacing for application of aperiodic beam indication
According to the agreement reached in RAN1#112 and latest draft CR [1] for TS 38.213, additional clarification on the SCSs for slot offset k in FG 43-3 seems necessary. Additionally, further discussion on how to determine the reference slot for time resources is needed when the SCS of the PDCCH and the reference SCS provided by ncr-referenceSCS for the NCR-Fwd forwarding are different.
	Agreement in RAN1#112
For the aperiodic beam indication, the reference of slot offset for each time resource is defined as the slot n+k where n refers to the slot that NCR-MT receive the DCI carrying the indication and:
· Option-2: k refers to the offset value [defined by NCR-MT capability and/or declared by vendor].
· Note: This k is different from the parameter used to define the Slot offset for the time resource.


Regarding the SCS for slot offset k in FG 43-3, in our opinion, the value of offset k reflects the delay required for DCI decoding, beam switching and inter-module operation, wherein the delay for DCI decoding accounts for the majority of offset value k. Thus offset value k should be strongly correlated with the SCS of the PDCCH, rather than the reference SCS for the NCR-Fwd operation. Furthermore, the DCI reception slot n has nothing to do with the reference SCS before the DCI decoding, so both slot n of DCI reception and offset value k should be expressed based on the SCS of the PDCCH. 
Then, similar as legacy behaviour for other DCI based signalling, it’s straightforward to reuse the SCS of the PDCCH, which is used to deliver the DCI format 2_8 carrying the SCI.
Proposal 1: Both slot n of DCI reception and offset value k are expressed based on the SCS of the PDCCH.
Based on latest draft CRs for TS 38.213[1]  and TS 38.331, in the aperiodic configuration for the NCR-Fwd access link, the slot offset, symbol offset and duration of all time resources are expressed based on a reference SCS provided by ncr-referenceSCS. The reference slot, used to determine the application time of the DCI format 2_8, is a reference for each time resource configured in the aperiodic configuration. However, the slot n+k can not be directly used as the reference slot for time resources as the SCS of n and k may be different from the reference SCS of time resources, so it should be converted to a slot based on the reference SCS. 
More specifically, as the example shown in Figure 1, NCR detects the PDCCH that provides the DCI format 2_8 in slot n, then performs DCI decoding and beam switching operation during the delay of slot offset k, and can apply the indicated information in the DCI format 2_8 in slot n+1 if the value of offset k is 1. Obviously, since the reference SCS is 15kHz and the PDCCH SCS is 30kHz, slot n+1 cannot be regarded as the reference slot for time resources. The actual reference slot should be slot  in terms of the reference SCS, where  is the slot of the PDCCH reception that provides the DCI format 2_8,  is the SCS configuration for the reference SCS provided by ncr-referenceSCS,  is the SCS configuration for the PDCCH, and  is a number of slots indicated by FG 43-3. In Figure 1, the reference slot is slot m+1 in in terms of the reference SCS.
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Figure 1: An example of different SCSs adopted for the PDCCH reception and the NCR-Fwd forwarding operation
Observation 1: The slot n+k based on the SCS of the PDCCH should be transferred to the reference slot based on the reference SCS provided by ncr-referenceSCS.
Proposal 2: The reference slot should be slot  in terms of the reference SCS, where  is the slot of a PDCCH reception that provides the DCI format 2_8,  is the SCS configuration for the reference SCS provided by ncr-referenceSCS,  is the SCS configuration for the PDCCH, and  is a number of slots indicated by FG 43-3.
· Adopt the TP#1 for NCR reference slot in TS 38.213.
Meanwhile, sufficient time reserved for the NCR to perform DCI decoding and beam switching should be ensured. However, if the DCI is located at the last several symbols in slot n of the PDCCH reception, as shown in Figure 2, the spacing between the end of the PDCCH reception and the reference slot may be less than the required delay for DCI decoding and beam switching. The issue can be solved by implementation, e.g. the base station can control the location of DCI transmission, or take above factor into account when configuring values of slot offset and/or symbol offset for time resources in the aperiodic configuration.
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Figure 2: An example of an PDCCH located at last several symbols in a slot
Proposal 3: The issue of the spacing between the end of the PDCCH reception and the reference slot less than the required delay for handling DCI can be solved by implementation.
Number of fields
In RAN1#112bis-e-meeting, the following agreement was made regarding how to configure the number of time resource fields in DCI.
	Agreement
For the aperiodic beam indication via DCI 5-0, the following option is supported:
· Option-4:
· The DCI size of DCI Format 5-0 is implicitly determined by the RRC configuration with the maximum value as 128.
· The [maximum] number of fields for time resource indication (Tmax) is explicitly configured by dedicated RRC parameter with the maximum value as [16] or [32].
· FFS: How to support and address an actual number of fields for time resource indication is smaller than the configured maximum number.


For the FFS part, to match the dynamic usage of field for beam indication and simplify the decoding of DCI,  the explicit indication of the actual number of fields in DCI format 2-8 can be considered. However, this method is somehow an optimization since smaller actual number of fields can also be realized by implementation, e.g. by configuring same beam indexes and time domain resources.
Proposal 4: Introducing an explicit field in DCI format 2_8 to indicate the actual number of beam index fields can be considered.
Priority flag
In RAN1#112bis-e meeting, the following agreement is implemented in the draft CR R1-2308700[1] of TS 38.213.
	Agreement
A priority flag is introduced per list of periodic and semi-persistent indications. The flag gives priority to periodic and semi-persistent indications over aperiodic indications. Additionally, the following applies:
· If there is conflict among beam indication from different type of indication, the order of priority is defined as: Aperiodic beam indication > semi-persistent beam indication > periodic beam indication.
· No conflict is expected between periodic beam indications 
· No conflict is expected between semi-persistent indications
· If there is conflict between two aperiodic indications, the latest indication is prioritized.


During the CR review, it’s identified that the above agreement is contradictory when 3 different types of beam indications overlap with each other. 
Assume that the following 3 indications are overlapped in a set of symbols:
· Indication 1: Periodic beam indication with priority flag
· Indication 2: Semi-persistent beam indication without priority flag
· Indication 3: Aperiodic beam indication
According to the main bullet of the agreement, periodic beam indication with priority flag has higher priority than aperiodic beam indication, i.e. Indication 1 > Indication 3; however, according to the sub-bullet, semi-persistent beam indication has higher priority than periodic beam indication no matter whether there is priority or not, and aperiodic beam indication has higher priority than semi-persistent beam indication without priority flag, i.e. Indication 3 > Indication 2 >  Indication 1. Then it turns out that (Indication 1 > Indication 3) is contradictory with (Indication 3 > Indication 2 > Indication 1).
The simplest way to resolve the issue is to avoid the conflict between periodic beam indication and semi-persistent beam indication, there is no reason to configure overlapping time resources for periodic and semi-persistent beam indication, since both periodic and semi-persistent beam indication are RRC configurable. The corresponding TP can be found in Appendix.
Proposal 5: No collision between periodic and semi-persistent beam indication is supported. 
· Adopt the TP#2 for NCR priority flag in TS 38.213.
Timing for NCR-Fwd
In Rel-18 NCR SI phase, the following agreement about NCR timing is achieved and captured into TR 38.867.
	Agreement
For the timing of NCR, the following assumption is captured into TR 38.867.
· The DL receiving timing of the NCR-Fwd is aligned with the DL receiving timing of the NCR-MT.
· The UL transmitting timing of the NCR-Fwd is aligned with the UL transmitting timing of the NCR-MT.
· The DL transmitting timing of the NCR-Fwd is delayed after the DL receiving timing of the NCR-MT (or the NCR-Fwd) by the internal delay; 
· The UL receiving timing of the NCR-Fwd is advanced before the UL transmitting timing of the NCR-MT (or the NCR-Fwd) by the internal delay. 



In RAN1#112bis-e meeting, the text regarding NCR timing in the draft CR 38.213 was discussed and deleted due to differences in views among companies.
The first issue is which Tx timing of the control link is used as the reference for Tx timing of the backhaul link since the control link has different Tx timings, i.e. Tx timings are different for PRACH and other UL transmissions. 

As specified in TS 38.211, uplink frame number  for transmission from the UE (NCR-MT) shall start  before the start of the corresponding downlink frame at the UE (NCR-MT) where  and  are given by clause 4.2 of TS 38.213, except for msgA transmission on PUSCH where  shall be used. The timing advance value  is also assumed for RA preamble as described in TS 38.211. 
According to above spec description, at a given time point, there could be 3 cases for the Tx timing of NCR-MT:
· Case 1: When NCR-MT transmits PRACH or MsgA PUSCH, ;
· Case 2: When NCR-MT transmits other UL transmission, NTA is given by timing advance command;
· Case 3: When NCR-MT does not transmit UL transmission, there is no such timing for NCR-MT.
In SI phase, it has been agreed that the UL Tx timing of NCR-Fwd is aligned with the UL timing of NCR-MT, however, it’s not clear what’s the UL Tx timing of NCR-Fwd when NCR-MT does not transmit UL transmission (i.e. Case 3). Given that NCR-Fwd is simply amplify-and-forwarding signals without storing signals, the timing of NCR-Fwd is only used to correctly apply the beam indication along with the implicit ON-OFF determination, it’s natural that NCR-Fwd can always follow the UL timing of NCR-MT determined by timing advance command irrespective whether/which signal/channel is transmitted by NCR-MT. In addition, if NCR-Fwd follows 2 different timings according to the transmitted signals, e.g. when NCR-MT transmits PRACH or other signals, NCR-MT has to interpret each periodic beam indication with  in ROs when NCR-MT transmits PRACH, and with NTA given by timing advance command in other time domain resources, which increases the complexity of NCR without clear benefits.
The second issue is whether to capture the description of Tx timing and Rx timing on the access link. In our opinion, in order to define the timing of NCR more clearly, the methods for determining the timing of both the access link and the backhaul link should be captured into TS 38.213. The corresponding TP can be found in Appendix.
Proposal 6: The transmission timing on the backhaul link is determined by the timing advance command applied for the UL transmission of control link.
· Adopt TP#3 for NCR timing in TS 38.213.
Conclusion
In this contribution, we provide our analysis and proposals for remaining issues for side control information and NCR behavior.
Proposal 1: Both slot n of DCI reception and offset value k are expressed based on the SCS of the PDCCH.
Observation 1: The slot n+k based on the SCS of the PDCCH should be transferred to the reference slot based on the reference SCS provided by ncr-referenceSCS.
Proposal 2: The reference slot should be slot  in terms of the reference SCS, where  is the slot of a PDCCH reception that provides the DCI format 2_8,  is the SCS configuration for the reference SCS provided by ncr-referenceSCS,  is the SCS configuration for the PDCCH, and  is a number of slots indicated by FG 43-3.
· Adopt the TP#1 for NCR reference slot in TS 38.213.
Proposal 3: The issue of the spacing between the end of the PDCCH reception and the reference slot less than the required delay for handling DCI can be solved by implementation.
Proposal 4: Introducing an explicit field in DCI format 2_8 to indicate the actual number of beam index fields can be considered.
Proposal 5: No collision between periodic and semi-persistent beam indication is supported. 
· Adopt the TP#2 for NCR priority flag in TS 38.213.
Proposal 6: The transmission timing on the backhaul link is determined by the timing advance command applied for the UL transmission of control link.
· Adopt TP#3 for NCR timing in TS 38.213.
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	Reason for change: 
In the current specification, it is not clear what the SCSs for slot n of the PDCCH reception, offset value k in FG 43-3 and the reference slot for time resources are. The specification also does not consider how to determine the reference slot for time resources if the SCS of the PDCCH and the reference SCS provided by ncr-referenceSCS for the NCR-Fwd are different.
Summary of change:
Clarify the SCSs for slot n of the PDCCH reception, offset value k in FG 43-3 and the reference slot for time resources, and define the reference slot based on the slot n of the PDCCH reception and offset value k.
Consequences if not approved:
The SCSs for slot n of the PDCCH reception, offset value k in FG 43-3 and the reference slot for time resources are not clear.
=========================================================================
20	Network controlled repeater
< Unchanged text omitted >
The NCR-MT can be configured to monitor PDCCH according to USS sets for detection of a DCI format 2_8 with CRC scrambled by an NCR-RNTI. A time resource and a corresponding beam index for transmissions or receptions on the access link are indicated by corresponding fields in DCI format 2_8 [4, TS 38.212]. When the NCR detects more than one DCI formats 2_8 that indicate beam indexes for time resources overlapping in a set of symbols, the NCR uses for the set of symbols a beam index that is indicated by a DCI format 2_8 that the NCR-MT detects in a most recent PDCCH monitoring occasion. The time resource starts at a slot that is offset by slotOffsetAperiodic slots from a reference slot and at a symbol that is offset by symbolOffset from the start of the slot, and has a duration provided by durationInSymbols for a SCS provided by ncr-referenceSCS. The reference slot is a slot that is after a slot of a PDCCH reception that provides the DCI format 2_8 by a number of slots indicated by FG 43-3 slot , where  is the slot of a PDCCH reception that provides the DCI format 2_8,  is the SCS configuration for the SCS provided by ncr-referenceSCS,  is the SCS configuration for the PDCCH, and  is a number of slots indicated by FG 43-3. 
< Unchanged text omitted >


TP#2
	Reason for change: 
In TS38.213, the priority rule of handling potential collision of periodic, semi-persistent, aperiodic beam indication is specified. However, this rule cannot work when 3 types of indication exist: periodic beam indication with priority flag, semi-persistent beam indication without priority flag and aperiodic beam indication, it results in a contradiction when deriving  the survived indication.
Summary of change:
In TS38.213, Section 20, the collision handling of periodic and semi-persistent beam indication is removed, and no collision between periodic and semi-persistent beam indication is expected by UE.
Consequences if not approved:
The priority rule of handling potential collision cannot work.
< Unchanged text omitted >

20	Network controlled repeater

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 symbols, and
the NCR applies the first beam index for transmissions or receptions on the access link in the set of symbols. 
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 symbols,
the NCR applies, for transmissions or receptions on the access link in the set of symbols, 
-	the first beam index if NCR-PeriodicFwdResourceSet or NCR-SemiPersistentFwdResourceSet includes priorityFlag, and
-	the second beam index if NCR-PeriodicFwdResourceSet or NCR-SemiPersistentFwdResourceSet does not include priorityFlag.
The NCR does not expect overlapping time resources provided by either NCR-PeriodicFwdResourceSet and/or NCR-SemiPersistentFwdResourceSet to be associated with different beam indexes.
< Unchanged text omitted >



TP#3
	Reason for change: 
It has been agreed that the UL Tx timing of NCR-Fwd is aligned with the UL timing of NCR-MT, however, NCR-MT has 2 different timings when NCR-MT transmits PRACH or other channel/signals, it’s not clear which timing will be followed. In addition, the description of Tx timing and Rx timing on the access link should also be captured.
Summary of change:
In TS38.213, Section 20, the following for timing is added: “The reception timing on the backhaul link and on the control link is same. The transmission timing on the backhaul link is determined by the timing advance command applied for the UL transmission of control link. 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.”
Consequences if not approved:
The timing of NCR forwarding links is not clear.
< Unchanged text omitted >

20	Network controlled repeater
When the NCR-MT performs a link recovery procedure as described in Clause 6, the NCR-Fwd does not transmit or receive until the link recovery procedure is complete [11 TS 38.321].
The reception timing on the backhaul link and on the control link is same. The transmission timing on the backhaul link is determined by the timing advance command applied for the UL transmission of control link. 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.
The NCR can be provided, through the NCR-MT, tdd-UL-DL-ConfigurationCommon and, additionally, tdd-UL-DL-ConfigurationDedicated. The NCR-Fwd receives on the backhaul link or transmits on the access link only in symbols indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated. The NCR-Fwd receives on the access link or transmits on the backhaul link only in symbols indicated as uplink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.
< Unchanged text omitted >
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