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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. Slot formats and switching time to support HD-FDD type A operation
	For supporting HD-FDD type A in NR FDD bands, we need some a high-level discussion on how to support HD-FDD type A in NR FDD bands where there is no clear definition of the slot formats. Our view is that given there is no higher layer configured slot formats in FDD bands, the ‘background’ slots are all flexibles. Then, on top of the flexibles, the HD-FDD type A can be supported based on dynamic scheduling.
Since RAN1#104-e meeting, there has been discussion on whether to use the semi-static TDD-like slot formats to support HD-FDD in FDD bands. We suggest not to configure the semi-static TDD-like slot formats for HD-FDD type A operation in FDD bands. It puts unnecessary restrictions to gNB scheduling flexibility as commented by many companies. As we mentioned at the beginning, HD-FDD type A in FDD bands can be supported by gNB scheduling without TDD-like slot format configuration. The collision cases can be firstly avoided by gNB scheduling or by the existing collision handling rules if any. For the collision cases that cannot be avoided by existing mechanisms, specification work may be needed.
	We also need some discussion on the guard period. Should it be defined as guard time (in us), or guard symbols? Whether to reuse the transition time defined in Clause 4.3.2 in TS 38.211 should also be discussed. If not reused, then what additional considerations should be taken into account to set up the guard time or guard symbols should be discussed as a next step. Regarding this, the following agreement was made in RAN1#104-e meeting (copied below).
	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)



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, we can consider defining the guard times in symbol units to simplify the descriptions on the collision handling cases in the spec. Since we are all aware of that part of the collision cases have already been described in the spec using the switching time not in symbol unit, it should be a matter of preference rather than the critical one. If the guard time is defined in symbol unit and the working assumption on the switching time is confirmed, then one symbol can be defined as a guard symbol regardless of the subcarrier spacing. The second FFS the switching positions can be discussed in relation to the DL/UL collision handling in 2.2.

Proposal 1: The semi-static TDD-like slot format should not be mandated to support HD-FDD type A in FDD bands.

Observation 1: Defining the guard times in symbol unit simplifies the descriptions on the DL/UL collision handling cases for HD-FDD type A in the spec.

2.2. [bookmark: _Ref68635559]Collision handling
	According to the agreement 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



As a follow-up in RAN1#104b-e meeting, agreements related to some of the collision cases were made. 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



[bookmark: _GoBack]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 the need for extending the timeline, the HD-FDD UEs can switch from Rx to Tx during the baseband processing in preparation for UL transmission. 

Proposal 2: For Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission), 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 4, the following agreement was made.
	Agreements: (RAN1#104b-e)
For Case 2 (semi-statically configured DL reception vs. dynamically scheduled UL transmission), reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier/single cell in unpaired spectrum
· The semi-statically configured DL reception may include PDCCH (excluding ULCI), SPS PDSCH, CSI-RS or PRS. 
· FFS on PDCCH carrying ULCI, including whether or not it is supported by RedCap UEs (including potential difference between HD vs. FD RedCap UEs)
· The dynamically scheduled UL transmission may include PUSCH, PUCCH, SRS or PRACH triggered by PDCCH order



Regarding the FFS on PDCCH carrying ULCI, as the ULCI is an optional feature for non-RedCap UEs it should also be optional feature for RedCap UEs if supported. We normally assume the RedCap UEs not capable of full-duplex capability is a low cost/complexity UEs. So, our preference is not to support the optional ULCI feature for RedCap UEs for now, but it can be discussed at a later stage when we discuss which features for non-RedCap UEs can be optionally/mandatorily supported for RedCap UEs.

For Case 3, the following agreement was made. 
	Agreements:
For Case 3, semi-statically configured DL reception vs. semi-statically configured UL transmission
· A HD-FDD UE does not expect to receive both dedicated 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 
· A HD-FDD UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and cell specific higher layer parameters configuring reception in the set of symbols of the slot 
· 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 
· FFS on cell-specifically configured DL reception vs. cell-specifically configured UL transmission
· FFS: whether or not there are conditions that need to be considered



The three sub-bullets were not controversial as in each of those cases at least one of the colliding transmission and reception involves dedicated semi-static configuration in which case gNB can probably avoid the collision. However, if both of colliding transmission and reception are cell-specifically configured, then it was considered hard to avoid collision cases without losing too much flexibility. The first FFS was intended for further discussion on this point. 
For Case 5, the following working assumption was made.
	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



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 to reuse the existing collision handling principles in the collision case of valid RO vs. SSB as well. 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 3: Confirm the working assumption above on the collision handling when dynamically-scheduled/semi-statically-configured UL transmission overlaps with an SSB.

Proposal 4: 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 5: 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.

	Similar to the Case 5, for Case 8: Dynamic or semi-static DL vs. valid RO, the valid RO can be prioritized over the dynamic or semi-static DL. However, unlike 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 6: If a dynamically scheduled DL overlaps with a valid RO, valid RO is prioritized over the dynamic DL.
· 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 accounted for the Rx-to-Tx switching time.

Proposal 7: If a semi-statically configured DL overlaps with a valid RO, valid RO is prioritized over the semi-static UL.
· 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 accounted for the Rx-to-Tx switching time.

	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 8: 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.

3. Conclusion
In this contribution, we presented our views on the aspects related to the duplex operation of RedCap.

Proposal 1: The semi-static TDD-like slot format should not be mandated to support HD-FDD type A in FDD bands.

Observation 1: Defining the guard times in symbol unit simplifies the descriptions on the DL/UL collision handling cases for HD-FDD type A in the spec.

Proposal 2: For Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission), existing timeline in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum is reused for HD-FDD.

Proposal 3: Confirm the working assumption in 2.2 on the collision handling when dynamically-scheduled/semi-statically-configured UL transmission overlaps with an SSB.

Proposal 4: 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 5: 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 6: If a dynamically scheduled DL overlaps with a valid RO, valid RO is prioritized over the dynamic DL.
· 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 accounted for the Rx-to-Tx switching time.

Proposal 7: If a semi-statically configured DL overlaps with a valid RO, valid RO is prioritized over the semi-static UL.
· 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 accounted for the Rx-to-Tx switching time.

Proposal 8: 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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