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1. Introduction
[bookmark: _Hlk49419066]In RP-211574, “Revised WID on support of reduced capability NR devices”, which has been approved in RAN#92-e, has the objective of specifying support for UE duplex operation [1]:
· 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.)
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	In RAN1#104-e, #104b-e and #105-e [2][3][4], agreements and working assumptions on half duplex FDD operation have been reached by RAN1:
RAN1 #104e
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.
RAN1 #104b-e
Working assumption:
· If a dynamically scheduled UL transmission overlaps with an SSB, down-select one of the following options:
· Option 1: Follow the handling of case 2 that dynamic UL is prioritized over SSB
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamic UL 
· Option 3: Leave to UE implementation (e.g. UE can receive the SSB if UE needs to receive the SSB; otherwise, UE can transmit the UL transmission) whether to receive the SSB or transmit the UL transmission
· Other options are not precluded
· If a semi-static configured UL transmission overlaps with an SSB, down-select one of from the following options
· Option 1: Up to gNB configuration to avoid such collision and if it happens it is an error case
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over semi-static UL
· Option 3: Leave to UE implementation (e.g. UE can receive the SSB if UE needs to receive the SSB; otherwise, UE can transmit the UL transmission) whether to receive the SSB or transmit the UL transmission
· Other options are not precluded
· FFS: whether/how to account for Tx/Rx switching time before and after the set of SSB symbols
· FFS: whether or not the semi-static configured UL transmission includes a valid RO



RAN1 #105-e
Agreement:
· For Case 8 of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set, down-select from the following options
· Option 1: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that valid RO is prioritized over configured PDCCH
· Option 2: Leave to UE implementation whether to receive the configured PDCCH or transmit the PRACH on the valid RO
· Option 3: If configured PDCCH is in a Type-2 CSS set, then PDCCH is prioritized; otherwise the valid RO is prioritized
· Option 4: Configured PDCCH is prioritized over valid RO
· Option 5: Configured by network, e.g. via a priority indicator
· FFS: whether or not the set of symbols overlapping with PDCCH in CSS set includes also Ngap symbols before the valid RO and whether the same value for Ngap in current spec is reused for HD-FDD
· FFS whether a valid RO follows TDD’s or FDD’s definition, and if so, the corresponding impact
· FFS: whether or not the same principle is applied to PUSCH occasion of MSGA in 2-step RACH, if supported
Agreement:
· For Case 8 of valid RO overlapping with UE-dedicated configured DL reception (e.g. PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS), down-select from the following options
· Option 1: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that valid RO is prioritized over configured DL
· Option 2: Leave to UE implementation whether to receive the configured DL or transmit the PRACH on the valid RO
· Option 5: Configured by network, e.g. via a priority indicator
· Other options are not precluded.
· FFS: whether or not the set of symbols overlapping with configured DL includes also Ngap symbols before the valid RO and whether the same value for Ngap in current spec is reused for HD-FDD
· FFS: whether or not the same principle is applied to PUSCH occasion of MSGA in 2-step RACH, if supported
Agreement:
· For Case 8 of valid RO overlapping with dynamically scheduled DL reception, down-select from the following options
· Option 1: Reuse the existing collision handling principles of Rel-15/16 for NR TDD for operation on a single carrier /single cell in unpaired spectrum
· Option 2: Leave to UE implementation whether to receive the DL or transmit the PRACH on a valid RO
· Option 3: Follow the handling of Case 1 to cancel PRACH based on a timeline that when the cancellation timeline is satisfied, the UE cancels the PRACH transmission and receives the DL signal/channels on the symbols overlapping with PRACH occasion (Interpretation 2 in R1-2103809)
· Option 4: Valid RO is prioritized over dynamic DL that UE performs PRACH transmission and does not perform the DL receptions (Interpretation 3 in R1-2103809)
· Option 5: When the cancellation timeline is satisfied, the UE neither performs transmission nor receives any DL signal/channels on the symbols overlapping with PRACH occasion (Interpretation 1 in R1-2103809)
· FFS: whether or not the set of symbols overlapping with dynamic DL reception includes also Ngap symbols before the valid RO and whether the same value for Ngap in current spec is reused for HD-FDD
· FFS: whether or not the same principle is applied to PUSCH occasion of MSGA in 2-step RACH, if supported




In this contribution, we discuss the collision handling rule bewteen DL reception and UL transmission on HD-FDD operation for RedCap UE. 
2. Discussion
Agreement has been made in RAN1#104-e for the collision handling rule on 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 collision handling rule on Case 8: dynamically scheduled DL reception or semi-statically configured DL reception versus valid RO, it has been agreed to handle in three subcases with semi-statically configured DL reception divided into PDCCH in Type 0/0A/1/2 CSS and UE-dedicated configured DL reception such as PDCCH in USS, SPS PDSCH, CSI-RS or DL-PRS. For valid RO defined in R15/16, all ROs are valid in paired spectrum, and a RO is valid if it is within UL symbols or it start Ngap symbols after last downlink symbol and SSB in unpaired spectrum. The Ngap symbols can avoid the interference of UL and DL in TDD system, which may not be necessary for UE in HD-FDD operation since UE operates in paired spectrum. If a RO collide with DL reception or Tx /Rx switching gap, UE may not be able to send PRACH in the RO. For first subcase of Case 8: valid RO overlapping with dynamically scheduled DL reception, option 1 may be interpreted by option 3, option 4 or option 5. For option 3, dynamic scheduled DL reception is prioritized over valid RO, it may be reasonable for UE following the DL scheduling and cancelling ongoing transmission, i.e., UE may perform DL reception and cancel the PRACH transmission when the cancellation timeline is satisfied. For second subcase of Case 8: valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS, it may be beneficial to select Option 1: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that valid RO is prioritized over configured PDCCH as UE may not always need to monitor PDCCH in CSS.  For third subcases of Case 8: valid RO overlapping with UE dedicated configured DL reception, it has been agreed on Case 3 that: for semi-statically configured DL reception versus semi-statically configured UL transmission, a HD-FDD UE does not expect to receive both cell specific higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception in the set of symbols of the slot. Though valid RO may be considered as UL transmission configured by cell specific higher layer parameter, NW may not be able to always avoid overlapping of valid RO and user specific configured DL reception which may increase the scheduling complexity. Apart from this, collision handling rule for Case 3 may not apply to case of valid RO overlapping with DL reception which is agreed to treat it separately in Case 8. As a result, it may be suitable for reusing the existing collision handling principles of Rel-15/16 for NR TDD as same collision handling rule in valid RO overlapping with PDCCH in CSS. 
Proposal 1: For valid RO overlapping with dynamically scheduled DL reception, consider dynamically scheduled DL reception is prioritized over valid RO.
Proposal 2: For valid RO overlapping with PDCCH in type 0/0A/1/2 CSS, consider reusing existing collision handling principles for NR TDD that valid RO is prioritized over configured PDCCH. 
Proposal 3: For valid RO overlapping with UE-dedicated configured DL reception, consider reusing existing collision handling principles for NR TDD that valid RO is prioritized over configured DL reception.
For Case 8 of valid RO overlapping with DL reception, it may need to think of a scenario that valid RO overlapping with more than one subcase of DL reception in Case 8. For example, valid RO overlaps with PDCCH in CSS and also overlaps with dynamically scheduled DL in same set of symbol. If valid RO is prioritized over PDCCH in CSS while dynamically scheduled DL is prioritized over valid RO, UE will need to perform transmission and reception simultaneously in the set of symbol. It may not be feasible to perform simultaneous reception and transmission for HD-FDD operation. As a result, an identical collision handling rule can be applied when valid RO overlaps with more than one subcase of DL reception in Case 8 in same set of symbols, i.e., either DL receptions are prioritized over valid RO or valid RO is prioritized over DL receptions in the set of symbol or same collision handling rule can be selected for valid RO versus three subcases of DL reception in Case 8, i.e., either all three subcases of DL reception in Case 8  are prioritized over valid RO or valid RO is prioritized over all three subcases of DL reception in Case 8.
Proposal 4: An identical collision handling rule can be applied to valid RO versus DL reception when valid RO overlaps with more than one subcase of DL reception in Case 8 in same set of symbol.
Proposal 5: Same collision handling rule can be selected for valid RO versus three subcases of DL reception in Case 8.
For case of dynamic scheduled UL overlapping with SSB, working assumption has been made for down selecting from 3 options. For option 1: dynamic scheduled UL is prioritized over SSB as same handling on dynamic scheduled UL colliding with semi-static configured DL, this is reasonable to follow the dynamic UL scheduling grant as UE may need to perform transmission and does not always need to receive SSB. For option 2: SSB is prioritized over dynamic scheduled UL, it may increase the scheduling latency and reduce resource efficiency since UE ignore the UL scheduling grant and gNB send an UL grant which cannot schedule corresponding UL transmission while option 2 may still be considered since SSB and dynamic scheduled UL transmission may not be often overlapping which may be controlled by NW. For option 3: leave to UE implementation, it may have flexibility for UE acquiring SSB when UE need to perform synchronization and receive PBCH or follow the dynamic scheduling UL grant if UE does not need receive SSB. However, it may increase the overhead of NW for blind decoding of scheduled UL transmission. For case of semi-static configured UL transmission overlapping with SSB, there are 3 options in previous working assumptions. For option 1: gNB configuration to avoid collision, it may decrease the scheduling flexibility and increase scheduling complexity for gNB always needing to avoid overlapping of semi-static configured UL and SSB. For option 3: Leave to UE implementation, since gNB in paired spectrum is capable of performing reception and transmission simultaneously, UE may transmit semi-static configured UL if UE does not need to receive SSB or receive SSB if UE needs to perform measurement or perform synchronization. While it may increase the overhead of NW for blind decoding of semi-statically configured UL transmission.
Proposal 6: For dynamically scheduled UL transmission overlapping with SSB, consider that dynamically scheduled UL transmission is prioritized over SSB or reusing existing collision handling principles of Rel-15/16 for NR TDD.
Proposal 7: For semi-static configured UL transmission overlapping with SSB, consider reusing existing collision handling principles of Rel-15/16 for NR TDD.
3. Conclusion
In this contribution, we discuss the collision handling rule for RedCap UE operating in HD-FDD mode and have the following proposal.
Proposal 1: For valid RO overlapping with dynamically scheduled DL reception, consider dynamically scheduled DL reception is prioritized over valid RO.
Proposal 2: For valid RO overlapping with PDCCH in type 0/0A/1/2 CSS, consider reusing existing collision handling principles for NR TDD that valid RO is prioritized over configured PDCCH. 
Proposal 3: For valid RO overlapping with UE-dedicated configured DL reception, consider reusing existing collision handling principles for NR TDD that valid RO is prioritized over configured DL reception.
Proposal 4: An identical collision handling rule can be applied to valid RO versus DL reception when valid RO overlaps with more than one subcase of DL reception in Case 8 in same set of symbol.
Proposal 5: Same collision handling rule can be selected for valid RO versus three subcases of DL reception in Case 8.
Proposal 6: For dynamically scheduled UL transmission overlapping with SSB, consider that dynamically scheduled UL transmission is prioritized over SSB or reusing existing collision handling principles of Rel-15/16 for NR TDD.
Proposal 7: For semi-static configured UL transmission overlapping with SSB, consider reusing existing collision handling principles of Rel-15/16 for NR TDD.
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