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1. Introduction
	As of RAN#90-e meeting, the WI titled “Support of reduced capability NR devices” was approved [1]. The WI objectives are copied below from latest version of the WID [2] for convenience. Related to the duplex operation of RedCap, it is noted that HD-FDD type A is specified with the minimum specification impact. And also note that FD-FDD and TDD are also supported for RedCap UEs.
	4	Objective
4.1	Objective of Core part 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.)
· …



2. Discussion
	In this contribution, we present our views on the aspects related to the duplex operation of RedCap.

2.1. [bookmark: _Ref79156339]Collision handling
	In RAN1#104-e meeting (copied below), the basic principle to deal with the DL/UL collision cases and the DL/UL collision cases relevant to support HD-FDD type A operation were agreed.
	Agreements: (RAN1#104-e)
· 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: (RAN1#104-e)
· 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



And as a follow-up, agreements have been made on each of the collision cases.
	For Case 1, the following agreement was made.
	Agreements: (RAN1#104b-e)
For Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission), reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum. 
· FFS whether the timeline is extended to include the RX/TX switching time for HD-FDD



For the FFS whether the timeline is extended to include the RX/TX switching time for HD-FDD, we think there is no need to extend the timeline to include the Rx/Tx switching time for HD-FDD. Without extending the timeline, the HD-FDD UEs can switch from Rx to Tx during the baseband processing in preparation for UL transmission.
Proposal 1: For Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission), the existing timeline in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum is reused for HD-FDD.

	For Case 5, the following working assumption was made in RAN1#104b-e meeting.
	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 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 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 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



We confirm the working assumption on Case 5. Among the Options for the collision cases where a dynamically scheduled UL transmission overlaps with an SSB, we prefer Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamic UL. Same for the collision cases where a semi-static configured UL transmission overlaps with an SSB, we prefer Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over semi-static UL. However for both cases, unlike the TDD case, the Rx-to-Tx switching time should be accounted for HD-FDD operation in FDD bands after the set of SSB symbols. That is, a UE is not expected to transmit in the uplink earlier than the Rx-to-Tx switching time after the end of the last received downlink symbol for SSB. 
	For the second FFS: whether or not the semi-static configured UL transmission includes a valid RO, we prefer the same collision handling principles to be use also in the collision case of valid RO vs. SSB. So, from the perspective of collision handling in the collision case of valid RO vs. SSB, the semi-static configured UL transmission may include the valid RO. The same could also apply to the valid PUSCH occasion for 2-step RACH. For both cases, unlike the TDD case, the Rx-to-Tx switching time should be accounted for HD-FDD operation in FDD bands after the set of SSB symbols.
Proposal 2: Confirm the working assumption above on the collision handling when dynamically-scheduled/semi-statically-configured UL transmission overlaps with an SSB.
Proposal 3: If a dynamically scheduled UL transmission overlaps with an SSB, reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamic UL (Option 2).
· The Rx-to-Tx switching time after the set of SSB symbols needs to be accounted for HD-FDD.
Proposal 4: If a semi-statically configured UL transmission overlaps with an SSB, reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamic UL (Option 2).
· The semi-static configured UL transmission includes a valid RO and a valid PUSCH occasion for 2-step RACH.
· The Rx-to-Tx switching time after the set of SSB symbols needs to be accounted for HD-FDD.

	For Case 8 (dynamic or semi-static DL vs. valid RO), the following three subcases are being discussed. 
· Valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set
· Valid RO overlapping with UE-dedicated configured DL reception (e.g. PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS)
· Valid RO overlapping with dynamically scheduled DL reception
For each of the subcases, the following agreements were made in RAN1#105-e meeting.
	For Case 8-1 (Valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set),
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

For Case 8-2 (Valid RO overlapping with UE-dedicated configured DL reception (e.g. PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS)),
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

For Case 8-3 (Valid RO overlapping with dynamically scheduled DL reception),
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



Similar to the Case 5 for SSB, we prefer the collision handling principle that prioritizes the valid RO over the dynamic or semi-static DL for HD-FDD operation in FDD bands. However, unlike that in the TDD case, the Rx-to-Tx switching time should be accounted for HD-FDD operation in FDD bands before the valid RO. That is, a UE is not expected to receive in the downlink later than the Rx-to-Tx switching time before the start of (first uplink symbol for) the valid RO.
Proposal 5: 	For Case 8 of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set, reuse the existing collision handling principles of Rel-15/16 for NR TDD that valid RO is prioritized over configured PDCCH. (Option 1)
Proposal 6: 	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), reuse the existing collision handling principles of Rel-15/16 for NR TDD that valid RO is prioritized over configured DL. (Option 1)
Proposal 7: 	For Case 8 of valid RO overlapping with dynamically scheduled DL reception, 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 1)

	For Case 8, currently we also have the followings for further study:
· FFS: whether to include also Ngap symbols before the valid RO for Case 8 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
Regarding the first FFS: whether to include also Ngap symbols before the valid RO for Case 8 and whether the same value for Ngap in current spec is reused for HD-FDD, we think the Rx-to-Tx switching time before the valid RO needs to be accounted for HD-FDD for all the subcases of Case 8. If the Ngap in the current spec already covers the Rx-to-Tx switching time, then no specification work may be needed, but until the Rx-to-Tx switching time becomes clear we can leave this for further study. 
	For the second FFS on the definition of valid RO, we prefer to follow the established TDD definition for the valid RO and, based on that, further check if the switching time needs to be considered. We think we should focus on the things that are very specific to the HD-FDD one of which is the switching time issue. Other than that, we think the existing TDD solution works pretty well for most of the collision cases that are currently being discussed in the context of HD-FDD operation for RedCap.
	For the third one, we think the same principle for valid RO can be applied to PUSCH occasion of MSGA in 2-step RACH. However, as it may depend on which principle we set up for the valid RO, we are okay to hold the discussion until we settle down on the principle for a valid RO. Anyway, we can leave out the “if supported” in the FFS as it was agreed in the RAN2-led feature discussion to support the 2-step RACH for RedCap UEs as an optional feature.
Proposal 8: 	For Case 8, the Rx-to-Tx switching time before the valid RO needs to be accounted for HD-FDD.
· FFS whether the Ngap symbols before the valid RO already covers the Rx-to-Tx switching time required for HD-FDD operation in FDD bands.
Proposal 9: 	For Case 8, follow the TDD definition of a valid RO.
· FFS whether the switching time needs to be accounted for in the definition of a valid RO

	SSB may need to be received for measurement before, after or during UL transmission. For measurement using SSB, gNB configures an SMTC window during which a UE receives all SSBs or some SSBs in the corresponding window for measurement. In this case, a time duration in which the SSB is received for measurement purposes is defined, and for the time duration, a HD-FDD UE cannot expect UL transmission. For HD-FDD operation, the time duration for SSB reception for measurement may need to include a guard period before and/or after the SSB transmission symbols. In addition, when a measurement gap (MG) is set for intra-/inter-frequency measurement during which a UE does not expect DL reception and/or UL transmission. For determination of the time duration for SSB reception for measurement within the MG, the switching gap may need to be taken into account.

Proposal 10: Discuss the impact of switching gap for a HD-FDD UE on the measurement based on SSB.
· FFS whether/how to account for the switching gap in SSB-based measurement for a HD-FDD UE.

2.2. Switching time to support HD-FDD type A operation
	We have some remaining issues on the guard period as shown in the agreement below. Should it be defined as guard time (in us), or guard symbols? The discussion on whether to reuse the existing switching time defined in Clause 4.3.2 in TS 38.211 is also pending waiting for RAN4 feedback. If not reused, then what additional considerations should be taken into account to set up the guard time or guard symbols should also be discussed as a next step.
	Agreements: (RAN1#104-e)
· (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

Draft LS in R1-2102094 is approved. Final LS to be uploaded/updated depending on whether or not there are additional agreements for RedCap related to RAN4. Final LS in R1-2102146 (RAN1#104-e)



[bookmark: _GoBack]The working assumption on the HD-FDD switching time can be automatically confirmed upon positive feedback from RAN4. On the first FFS whether to define the guard times in symbol units, perhaps we can only consider defining the guard times in symbol units to simplify the descriptions on the collision handling cases in the spec when we are not reusing the existing switching time. The second FFS the switching positions can be discussed in relation to the DL/UL collision handling in 2.1.

3. Conclusion
In this contribution, we presented our views on the aspects related to the duplex operation of RedCap.
Proposal 1: For Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission), the existing timeline in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum is reused for HD-FDD.
Proposal 2: Confirm the working assumption above on the collision handling when dynamically-scheduled/semi-statically-configured UL transmission overlaps with an SSB.
Proposal 3: If a dynamically scheduled UL transmission overlaps with an SSB, reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamic UL (Option 2).
· The Rx-to-Tx switching time after the set of SSB symbols needs to be accounted for HD-FDD.
Proposal 4: If a semi-statically configured UL transmission overlaps with an SSB, reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamic UL (Option 2).
· The semi-static configured UL transmission includes a valid RO and a valid PUSCH occasion for 2-step RACH.
· The Rx-to-Tx switching time after the set of SSB symbols needs to be accounted for HD-FDD.
Proposal 5: 	For Case 8 of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set, reuse the existing collision handling principles of Rel-15/16 for NR TDD that valid RO is prioritized over configured PDCCH. (Option 1)
Proposal 6: 	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), reuse the existing collision handling principles of Rel-15/16 for NR TDD that valid RO is prioritized over configured DL. (Option 1)
Proposal 7: 	For Case 8 of valid RO overlapping with dynamically scheduled DL reception, 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 1)
Proposal 8: 	For Case 8, the Rx-to-Tx switching time before the valid RO needs to be accounted for HD-FDD.
· FFS whether the Ngap symbols before the valid RO already covers the Rx-to-Tx switching time required for HD-FDD operation in FDD bands.
Proposal 9: 	For Case 8, follow the TDD definition of a valid RO.
· FFS whether the switching time needs to be accounted for in the definition of a valid RO
Proposal 10: Discuss the impact of switching gap for a HD-FDD UE on the measurement based on SSB.
· FFS whether/how to account for the switching gap in SSB-based measurement for a HD-FDD UE.
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