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1. Introduction
[bookmark: _Hlk49419066]In RP-210918, “Revised WID on support of reduced capability NR devices”, which has been approved in RAN#91-e, has the objective of specifying support for UE complexity reduction features [1]:
· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)


[bookmark: _Toc51768541][bookmark: _Toc51771048]   	
	In RAN1 #104-e [2], agreements related to duplex operation have been reached by RAN1:
In this contribution, we discuss the aspects of complexity reduction feature for RedCap UE on HD-FDD operation.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


2. Discussion
It was agreed on support of HD-FDD as complexity reduction feature for RedCap UE. In HD-FDD operation, UE perform transmission and reception in paired spectrum of FR1 and not be able to transmit and receive data simultaneously. UE will require guard time or switching time to switch transmission operation to reception operation and vice versa. In RAN1#104e, it has been discussed to reuse switching time for legacy UE not capable of full-duplex operation in 38.213 table 4.3.2-3 which is less than one symbol duration for 15/30/60 kHz subcarrier spacing in FR1. Therefore, it may consider defining the minimum guard time as 1 symbol duration for RedCap UE in HD-FDD operation.
Proposal 1: Consider defining the minimum guard time as 1 symbol duration for RedCap UE in HD-FDD operation.
For scheduling of RedCap UE in HD-FDD operation, the minimum specification impact and less scheduling complexity should be taken into account. It may be not clear yet on the impact of applying transmission direction pattern as legacy UE in unpaired spectrum. And semi static slot format configuration may introduce scheduling complexity and additional restriction. It may consider that RedCap UE in HD-FDD operation starts transmission if UE is scheduled to transmit, otherwise UE perform PDCCH monitoring or receive downlink data.
Proposal 2: Consider RedCap UE in HD-FDD operation starts transmission if UE is scheduled to transmit, otherwise UE perform PDCCH monitoring or receive downlink data.
The agreement has been made on the collision handling rule for HD-FDD operation of RedCap UE that principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum will be used as a starting point. For the case of collision between dynamically scheduled DL/UL vs semi-statically configured UL/DL, the handling rule may adopt the principle for operation of legacy UE in unpaired spectrum. That is, in the case of dynamically scheduled DL collides with semi-statically configured UL, the UE may need preparation time to cancel the uplink transmission and partially cancellation of transmission may appear. In the case of dynamically scheduled UL collides with semi-statically configured DL, the UE may cancel downlink reception without the need for preparation time. In the case of dynamically scheduled DL/UL collides with dynamically scheduled UL/DL, it may be handled by proper scheduling of gNB, and UE will not expect the collision. 
Proposal 3: Consider adopt the collision handling principle for operation of legacy UE in unpaired spectrum for the case of collision between dynamically scheduled DL/UL vs semi-statically configured UL/DL.
Proposal 4: gNB may be able to handle the case of dynamically scheduled DL/UL collides with dynamically scheduled UL/DL through proper scheduling, and UE will not expect the collision.
3. Conclusion
In this contribution, we discuss the aspects of RedCap UE for operation in HD-FDD and have following proposal.
Proposal 1: Consider defining the minimum guard time as 1 symbol duration for RedCap UE in HD-FDD operation.
Proposal 2: Consider RedCap UE in HD-FDD operation starts transmission if UE is scheduled to transmit, otherwise UE perform PDCCH monitoring or receive downlink data.
Proposal 3: Consider adopt the collision handling principle for operation of legacy UE in unpaired spectrum for the case of collision between dynamically scheduled DL/UL vs semi-statically configured UL/DL.
Proposal 4: gNB may be able to handle the case of dynamically scheduled DL/UL collides with dynamically scheduled UL/DL through proper scheduling, and UE will not expect the collision.
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