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1 Introduction
The following objective is included in the study item description [1] of Release 17 Redcap WI:
	This WI has the following objectives: 

· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:

…
· Duplex operation:

· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)


In RAN1#104-e meeting, the following agreements were made on Redcap UE half-duplex FDD operation [2]:

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, 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
· 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 8: Dynamic or semi-static DL vs. valid RO

· Case 9: Collision due to direction switching
In this contribution, we provide our considerations on half-duplex FDD operation of Redcap UE. 
2 Discussion
2.1 Collision handling 

In RAN1#104-e meeting, multiple cases of potential collisions have been identified for further study. From our understanding, the intention to identify these cases is to study whether these cases can be addressed by proper gNB scheduling, and thus the standardization impact can be minimized. Therefore, the analysis on the cases are listed below.
Case 1+Caese 2: Dynamically scheduled DL reception vs. semi-statically configured UL transmission + Semi-statically configured DL reception vs. dynamically scheduled UL transmission
The potential collision of dynamic scheduling and semi-statically scheduling is not able to be fully addressed or alleviated by gNB scheduling. Similar as normal UE, varieties of services with different QoS requirements can be simultaneously supported by Redcap UEs. For example, different applications can run simultaneously on a smart watch. Given the delay constraints of some high priority services, gNB may not be able to always avoid potential collisions between dynamic scheduling and semi-persistent scheduling by its own implementation. 
For Rel-15 TDD UE, if UL transmission and DL reception collides in a flexible slot or symbol, the dynamically scheduled operation would be prioritized. Therefore, we propose:
Proposal 1: For HD-FDD redcap UE, dynamically scheduled DL reception would be prioritized over semi-statically configured UL transmission if collision happens.
Proposal 2: For HD-FDD redcap UE, dynamically scheduled UL transmission would be prioritized over semi-statically configured DL reception if collision happens.

Case 3 + Case 4: Semi-statically configured DL reception vs. semi-statically configured UL transmission + Dynamically scheduled DL reception vs. dynamic scheduled UL transmission

For dynamic DL scheduling and dynamic UL scheduling, gNB scheduling should be able to guarantee that there is no collision since gNB has full information on the timing of UE transmission and reception due to dynamic scheduling. Even if some collision cannot be avoided due to tight delay constraints, it should be gNB responsibility to make the correct scheduling decision based on the QoS requirements and priority information of UL and DL traffic flows. The same principle can also be applied for semi-statically scheduled UL and DL collision. 
Proposal 3: Redcap HD-FDD UE assumes that no collision happens between Semi-statically configured DL reception and semi-statically configured UL transmission
Proposal 4: Redcap HD-FDD UE assumes that no collision happens between dynamically scheduled DL reception and dynamic scheduled UL transmission

Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission
For Rel-15/16 NR TDD UE, the UE does not transmit PUSCH, PUCCH, PRACH, SRS if the UL transmission would overlap with reception of SSB. The same principle should be reused for Redcap UE. Therefore, we propose:

Proposal 5: Redcap HD-FDD UE does not perform UL transmission if it overlaps with SSB reception

Case 8: Dynamic or semi-static DL vs. valid RO
Similar as case 5, if there is no specific reason, the same principle as Rel-15/16 NR TDD UE should be reused for the case. 

Case 9: Collision due to direction switching

During switching time between DL and UL, UE is not able to do both UL transmission and DL reception. Therefore, if there is collision between UL and DL operation, the direction switching time should occur in the duration of operation with lower priority. 
2.2 UL and DL configuration for Redcap HD-FDD UE
A NR TDD UE can set the slot format by UE common and/or UE specific semi-static configurations. A NR TDD UE only need to handle UL/DL collision issue in flexible slot/symbols. Only UL transmission is allowed in UL slot/symbols, and only DL reception is allowed in DL slot/symbols. By configuring the slot format for NR TD UE, both gNB scheduling complexity and UE processing complexity can be greatly reduced.
The same design principle can be reused for Redcap HD-FDD UE. UE-common or UE-specific configurations on UL slots and DL slots can be supported for half-duplex FDD UE. Half-duplex UE can only transmit in the configured UL slots, and receive in the DL slots. Similar as NR TDD UE, if not configured, Redcap HD-FDD UE handles UL/DL collisions just like NR TDD UE in flexible slot/symbols. 
Proposal 6: Support to configure DL or UL slots/symbols for Redcap HD-FDD UE
3 Conclusion
In this contribution, we discuss half-duplex FDD operation of redcap UE.  Based on the discussion, our proposals are summarized as follows:
Proposal 1: For HD-FDD redcap UE, dynamically scheduled DL reception would be prioritized over semi-statically configured UL transmission if collision happens.

Proposal 2: For HD-FDD redcap UE, dynamically scheduled UL transmission would be prioritized over semi-statically configured DL reception if collision happens.

Proposal 3: Redcap HD-FDD UE assumes that no collision happens between Semi-statically configured DL reception and semi-statically configured UL transmission

Proposal 4: Redcap HD-FDD UE assumes that no collision happens between dynamically scheduled DL reception and dynamic scheduled UL transmission

Proposal 5: Redcap HD-FDD UE does not perform UL transmission if it overlaps with SSB reception

Proposal 6: Support to configure DL or UL slots/symbols for Redcap HD-FDD UE
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