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1 Introduction
In the study of Rel-17 NR RedCap, half-duplex (HD) operation is been identified as one of the RedCap capability components. The HD-FDD type A is selected as baseline over HD-FDD type B.    

In the work item phase, ongoing discussion has made progress on how to support that HD-FDD type A in following. The remaining issues are UL/DL direction determinations and related issues.
Agreement:

· For Case 2 (semi-statically configured DL reception vs. dynamically scheduled UL transmission), a HD-FDD RedCap UE is not required to monitor ULCI

· No special handling on the priority rule for PDCCH carrying ULCI

Conclusion:
· No consensus of specification support of semi-static UL/DL pattern to HD-FDD RedCap UEs in Rel-17.

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 further discuss issues of HD-FDD Type A operation for RedCap UE.   
2 UL/DL direction
The UL/DL directions still have few issues to be solved. The defined Case 5 and Case 8 have more sub-cases solved. For those conflict resolutions, basically the reusing of existing schemes in Rel-16 should be considered as starting points. However, there are different definition for FDD, TDD, Single Carrier and Multiple Carrier’s cases. Selection of which one are also to be considered.
2.1 Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission

For SSB configured by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon, the SSB reception is prioritized in TDD. In HD-FDD discussion, the process is categorized into 2 cases. One is for collision with dynamically scheduled UL. Another is the semi-statically configured UL.

For SSB overlapping with dynamically scheduled UL, we proposed to reuse the existing collision handling principles of Rel-15/16 for NR TDD. There is no motivation for introducing overriding SSB for purpose of user throughput of RedCap UE.
In the similar perspective, for SSB overlapping with semi-statically configured UL except RO, we also suggest to reuse the existing collision handling principles of Rel-15/16 for NR TDD that configured SSB is prioritized over configured UL.
Proposal 1: For configured SSB overlapping dynamically scheduled or configured UL transmission, HD-FDD UE reuse the existing collision handling principles of Rel-15/16 for NR TDD.

2.2 Case 8: Dynamic or semi-static DL vs. valid RO 
Several sub-cases were discussed in the previous meeting, and few candidates are provided correspondingly. For the semi-statically configured DL, the consideration is originally for FD-FDD. When introducing HD-FDD UE, it should reuse the configuration and then the conflict for transmission/reception will happen and new rules have to be introduced. On the other hand, it is not justified that the collision will happen frequently and unavoidable.
Valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set
The different types of CSSs are used for different purposes. The CSS used for receiving SIB1 is Type0-PDCCH CSS set. Other SIs is via Type0A-PDCCH CSS set. The reading of those types of CSS would be latency non-sensitive for some point of views. Paging via Type2-PDCCH CSS set should not be missed. For RAR/Msg.B/Msg.3 Retransmission on the Type1-PDCCH CSS sets, it only happens in RACH process and careful configuration can ensure no or small conflict to valid ROs.
Thus, it seems Type2 CSS set should be taken extra care about the prioritization. However, even for Type 2 CSS set, the FDD system can configured to be overlapped with RO less frequently. For paging to HD-FDD UE, it can be ensured by network that the signaling will not be send to RO slot. Thus, we can still reuse the rules by Rel-16, E.g., Reuse the existing collision handling principles of Rel-15/16 for NR TDD that valid RO is prioritized over configured PDCCH.
When applying the prioritization rules, the set of symbols overlapping with PDCCH in CSS set includes also Ngap symbols before the valid RO. It is reasonable to have the same value for Ngap in current specification reused for HD-FDD.
Proposal 2: For Valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set, HD-FDD UE reuse the existing collision handling principles of Rel-15/16 for NR TDD.

Valid RO overlapping with UE-dedicated configured DL reception (e.g. PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS)
The UE-dedicated configured DL reception can be configured properly and conflict can be avoided like the previous sub-case. The motivation of making the prioritization of channels by implementation is unclear for HD-FDD UE. And, it could lead to the undefined latency for UE. Thus, those undefined rules should be avoided. We also propose to reuse the existing collision handling principles of Rel-15/16 for NR TDD that valid RO is prioritized over configured DL.
Proposal 3: For Valid RO overlapping with UE-dedicated configured DL reception, HD-FDD UE reuse the Rel-16 specification text of NR TDD to perform collision handling.

Valid RO overlapping with dynamically scheduled DL reception
Dynamically scheduled DL can be set to resource other than Valid RO. The issue for this sub-case is how to interpret the Rel-16 behavior. For our perspective, it is feasible to just follow the current specification for TDD. Thus, we also prefer to reuse the existing collision handling principles of Rel-15/16 for NR TDD for operation on a single carrier /single cell in unpaired spectrum.
For other different interpretation, there may not need further description in the specification. Note that the clarification would also impact Rel-16/15 specification.
Proposal 4: Valid RO overlapping with dynamically scheduled DL reception, HD-FDD UE reuse the existing collision handling principles of Rel-15/16 for NR TDD.

Validation Rules of RO in HD-FDD UE
Half-duplex RedCap UE works in FDD bands and it cannot receive in the downlink while transmitting in the uplink. The applying of FDD rule will lead to some undefined UE behavior and the RACH access procedure will be indefinitely elongated, assuming UE will put valid RO first. SSB-to-RO mappings should be clearly defined on the valid RO, to ensure the valid RO will always available. Reusing the TDD rule is well justified solution, and also has the same small specification impact as that for FDD. It should be also noted that the most of rules for HD-FDD  concluded so far it from that for TDD.
Proposal 5: Validation Rules of RO for NR TDD is applied to HD-FDD UE.

3 Definition and Identification of HD-FDD UE
The definition and identification would be another issue for HD-FDD RedCap UE. In NR specification, UE capability other than full-duplex UE will perform as same type of UE. However, it will bring too much flexibility for HD-FDD UE. Thus, we prefer to explicitly define that HD-FDD capability for RedCap UEs. We also suggest to no mandate only HD-FDD for RedCap UEs in paired spectrum, as there would be higher throughput requirement for some RedCap UEs.

It is also needed for gNB to know the HD-FDD RedCap UE. Scheduler should know that for the correct scheduling timing of HD-FDD.
 Proposal 6: UE capability of HD-FDD is explicitly defined and is able to be known by gNB.
The gNB should even know that capability in the earlier stage of access. When UE is into the initial access, it has to be provided with default timing for HARQ-ACK. Some of the default PUCCH resource sets take full slot. It is possible for zero gap between the PUCCH and previous DL transmission. It was also mentioned that the TA is not aligned in the Msg 1 transmission and would also have overlapped DL and UL in UE side. One of the solutions is let the gNB identify that HD-FDD UE in the beginning. 
The indication can be bundled into the RedCap UE type for earlier identification. Also, that earlier identification may always assume HD-FDD as default for RedCap UE. A HD-FDD capability can be reported by UE in later stage independently.
Proposal 7: The HD-FDD capability of RedCap UE should be identifiable by gNB during the initial access.
4 Conclusion

In this contribution, we discussed the remaining issues of HD-FDD capability in RedCap UE. As summary, we have proposals:
Proposal 1: For configured SSB overlapping dynamically scheduled or configured UL transmission, HD-FDD UE reuse the existing collision handling principles of Rel-15/16 for NR TDD.
Proposal 2: For Valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set, HD-FDD UE reuse the existing collision handling principles of Rel-15/16 for NR TDD.

Proposal 3: For Valid RO overlapping with UE-dedicated configured DL reception, HD-FDD UE reuse the Rel-16 specification text of NR TDD to perform collision handling.

Proposal 4: Valid RO overlapping with dynamically scheduled DL reception, HD-FDD UE reuse the existing collision handling principles of Rel-15/16 for NR TDD.

Proposal 5: Validation Rules of RO for NR TDD is applied to HD-FDD UE.

Proposal 6: UE capability of HD-FDD is explicitly defined and is able to be known by gNB.
Proposal 7: The HD-FDD capability of RedCap UE should be identifiable by gNB during the initial access.
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