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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#104-e meeting, the duplex operation for RedCap UEs were discussed. The following agreements were made [1]:
	Agreements:
· For HD-FDD, for cases (if any) where collision handling needs to be specified, then the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum are used as a starting point if deemed applicable.
Agreements:
· (Working assumption) For HD-FDD switching time, reuse existing switching times for UE not capable of full duplex in TS 38.211, Table 4.3.2-3.
· FFS: whether to define the guard times in symbol units
· FFS: the switching positions
· Sending an LS to RAN4 to inform the above working assumption, and to ask for feedback if any 
· The LS will not include the two FFS bullets
Agreements:
· For HD-FDD operation for RedCap UEs, consider at least the following DL/UL collision cases collisions may be addressed or alleviated with proper scheduling. The following cases of potential collisions can be further studied to see if any change to the current specs is necessary:
· Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
· e.g., dynamic PDSCH or CSI-RS collides with configured SRS, PUCCH, or CG PUSCH, or RO
· Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
· e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
· Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission
· e.g., PUSCH, PUCCH, PRACH, SRS
· Case 6: Monitoring for UL cancellation indication (if supported) while transmitting in UL
· Case 7: Collision due to BWP switching (if supported)
· Case 8: Dynamic or semi-static DL vs. valid RO
· Case 9: Collision due to direction switching


In this contribution, the potential solutions related to duplex operation are analyzed, focusing on the HD-FDD switch time, capability signaling, and the collision handling. 
[bookmark: OLE_LINK72]On the switch time and HD-FDD capability signaling 

The NR specification has defined a guard time for the UE not capable of full-duplex communication. The UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than  after the end of the last received downlink symbol, and not expected to receive in the downlink earlier than  after the end of the last transmitted uplink symbol in the same cell.  and  are given by Table 4.3.2-3 in TS38.211[2], where  equals to about 5.09E-4 us. The guard time is agreed as the working assumption that can be reused for the RedCap UE with HD-FDD capability.
Table 4.3.2-3: Transition time  and 
Transition time
FR1
FR2

25600
13792

25600
13792


In Rel-15 the transition time is applicable to a UE concerning (/not supporting) simultaneous transmission and reception in a same or different cell among a cell group in inter-band EN-DC, inter-band CA or bands including SUL. For a RedCap UE, when it supports SUL band(s), the current specification and transition time is also applicable, given that DC and CA is not supported by RedCap as per the WID, and the working assumption has eventually required a similar UE capability for a RedCap UE operating in a single carrier as that in a single cell with SUL carrier.
Proposal 1: The transition time defined in current specification is also applicable for a RedCap UE supporting SUL band(s).
Furthermore, it seems no benefit to further define the guard times in symbol units, since there are different SCSs corresponding to different symbol length. The switch time may need to be taken into account by gNB and it may complicate the gNB scheduling if the guard times are further transferred in symbol units.
Observation 1: There does not seem to be benefits and need to define the guard times in symbol units.
If the existing switching times for UE not capable of full duplex are reused for HD-FDD RedCap UEs, in general there is no specification impact during RedCap UE’s initial access and random access procedure. The existing RACH procedure can support the UEs with HD-FDD capability. So the half-duplex capability can be considered as an optional capability and reported explicitly to the network after random access, which is like the HD-FDD in LTE specification. 
Observation 2: HD-FDD type-A has no impact on existing random access procedure. The network does not need to know the half-duplex capability before or during RACH.
Proposal 2: The half-duplex capability is explicitly reported to the network after initial access.
Collision handling
In RAN1#104-e, there is an agreement that remaining 7 cases of potential collisions can be further studied to see if there is any change to the current specifications. 
Within the 7 cases, Cases 1, 2, 4, 8 are related to the dynamic scheduling. From the implementation point of view, the dynamic scheduling is flexible to avoid collision with semi-static or dynamic transmission from the other direction. On the other hand, the semi-static resource collision may happen with the highest possibility and cannot be avoided easily as flexible scheduling. So the UL and DL semi-static resource should be discussed with the highest priority, i.e. Case 3 and Case 5. Following are the semi-static resources of UL and DL that can be mainly considered:
· UL semi-static resources: semi-static SRS, Configured Grant PUSCH, PRACH, etc.
· DL semi-static resources: SSB, semi-static RS (CSI-RS, PRS), PDCCH, SPS PDSCH etc.
So we have the proposal
Proposal 3: The collision of semi-static UL and DL resources needs to be discussed with high priority.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: There does not seem to be benefits and need to define the guard times in symbol units.
Observation 2: HD-FDD type-A has no impact on existing random access procedure. The network does not need to know the half-duplex capability before or during RACH.
Proposal 1: The transition time defined in current specification is also applicable for a RedCap UE supporting SUL band(s).
Proposal 2: The half-duplex capability is explicitly reported to the network after initial access.
Proposal 3: The collision of semi-static UL and DL resources needs to be discussed with high priority.
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