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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN1#104-e meeting, following agreements were made on half-duplex operation for RedCap UEs [1]:
	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 views on the switching times/guard times and collision handling for RedCap operating in half-duplex mode. 

2. Half-duplex FDD operation
For duplex operation, below is the objective [2]. It is good to highlight the design guidance when we make decisions to support the HD-FDD type A for RedCap. 
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.) 
2.1 Switching times
In RAN1#104-e meeting, one working assumption was made for HD-FDD switching time that is to reuse the existing switching times for UE not capable of full duplex in TS 38.211, Table 4.3.2-3. 
	TS 38.211 sub-clause 4.3.2
[…]
A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than  after the end of the last received downlink symbol in the same cell where  is given by Table 4.3.2-3. 
A UE not capable of full-duplex communication is not expected to receive in the downlink earlier than  after the end of the last transmitted uplink symbol in the same cell where  is given by Table 4.3.2-3.
Table 4.3.2-3: Transition time  and 
	Transition time
	FR1
	FR2

	
	25600
	13792

	
	25600
	13792


[…]



Based on above specification for a UE not capable of full-duplex communication, it should be understood that for NR supporting flexible starting and ending symbols for one transmission, the network should ensure no DL receptions and UL transmission happen during the switching times rather than allowing the UE to drop the last part of the DL signal/reception preceding an uplink transmission from the same UE.
Remaining issues for switching times are whether the guard times in symbol units needs to be defined, and whether/how to define the guard time positions. 
It is understood that above Rx-Tx/Tx-Rx transition time is the minimum requirement. For any transmissions and receptions, the smallest time unit is still symbol level, currently there is no sub/partial-symbol transmission or reception is required or specified. Therefore, we do not see any feasibility issue to reuse the current switching time defined in Table 4.3.2-3 of TS 38.211. Rather, defining the switching times in symbol units is not forward compatible if RedCap will be supported in higher frequency bands, then for different SCSs, different values need to be defined. 
For the switching/guard time positions, in LTE type A half-duplex FDD operation, the switching/guard time position is defined as “a guard period is created by the UE by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE [3].” Some companies would like to adopt the LTE’s way for NR to define the guard time positions so that the switching time can only impact the DL slot or DL transmission. However, different from LTE, NR supports the switching between DL and UL within one slot and the switching can be more than one time within one slot. Besides, there may be no DL slot in NR, e.g. all slots can be flexible. It is not straightforward to reuse the definition for switching time position in LTE. In addition, it is also not preferable to allow the switching time have impact on any transmissions. NW should leave sufficient switching time when making the configuration or scheduling, which is already supported by the existing switching times specified in TS 38.211, Table 4.3.2-3 for UE not capable of full duplex. Therefore, following are proposed:
Proposal 1: For HD-FDD switching time, reuse existing definition of switching times for UE not capable of full duplex in TS 38.211.
· No need to define the guard times in symbol units.
· No need to define the switching positions.  
· UE does not expect to be scheduled or configured such as to switch from DL to UL or switch from UL to DL in time shorter than the   or as specified/confirmed by RAN4.

2.2 DL and UL collision handling
For DL/UL collision handling, based on the agreement, we should first check whether the existing NR Rel-15/16 collision handling for operation on a single carrier in unpaired spectrum is sufficient or not for the following 9 collision cases. 
· 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
For case 1, existing collision handling rule can be reused that is UE cancels the semi-statically configured UL transmission if the timeline requirement (e.g. time gap between the last symbol of a CORESET where the UE detects the DCI format and the starting symbol for UL transmission is not smaller than ) ; otherwise, the UE does not expect to cancel the UL transmission.
Proposal 2: For case 1, reuse the following existing collision handling principles in Rel-15/16 NR for operation on a single carrier in unpaired spectrum.
· For a HD-FDD UE, if the UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, in a set of symbols of a slot and the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
· If the UE does not indicate the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH in the set of symbols if the first symbol in the set occurs within T_(proc,2 ) relative to a last symbol of a CORESET where the UE detects the DCI format; otherwise, the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS38.214], determined from Clauses 9 and 9.2.5 or Clause 6.1 of [6, TS38.214] in the set of symbols.
· If the UE indicates the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH in symbols from the set of symbols that occur within T_(proc,2) relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from Clauses 9 and 9.2.5 or Clause 6.1 of [6, TS 38.214] in remaining symbols from the set of symbols.  

· Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
· e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
For case 2, it is also feasible to reuse the existing collision handling rule that is UE cancels the semi-statically configured DL receptions if the if there is at least one symbol collision with a PUSCH, a PUCCH or a SRS scheduled by a DCI format. It is also noted that for case 2, the semi-statically configured DL reception should include the CSI-RS and DL PRS; the dynamically scheduled UL transmission by a DCI format should include SRS. 

Proposal 3: For case 2, the semi-statically configured DL reception should include a CSI-RS and a DL PRS; the dynamically scheduled UL transmission should include a SRS and reuse the following existing collision handling principles in Rel-15/16 NR for operation on a single carrier in unpaired spectrum.
· For a HD-FDD UE, if the UE is configured by higher layers to receive a PDCCH, or a PDSCH, or a CSI-RS, or a DL PRS in a set of symbols of a slot, the UE receives the PDCCH, the PDSCH, the CSI-RS, or the DL PRS if the UE does not detect a DCI format that indicates to the UE to transmit a PUSCH, a PUCCH, or a SRS in at least one symbol of the set of symbols of the slot; otherwise, the UE does not receive the PDCCH, or the PDSCH, or the CSI-RS, or the DL PRS in the set of symbols of the slot.

· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
For case 3, the semi-static configurations for DL reception or UL transmission should be further separate as cell-specific higher layer parameters and dedicated higher layer parameters configuring transmission or receptions. Then, case 3 can be further classified as following four sub-cases:
· Case 3-1: cell-specifically configured DL reception vs. cell-specifically configured UL transmission
· Case 3-2: cell-specifically configured DL reception vs. UE-dedicated configured UL transmission
· Case 3-3: UE-specifically configured DL reception vs. cell-specifically configured UL transmission
· Case 3-4: UE-specifically configured DL reception vs. UE-specifically configured UL transmission
For case 3-4, the existing collision handling rule for a single carrier in unpaired spectrum is that the 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 by the UE in the set of symbols of the slot. When UE is configured with dedicated higher layer parameters, NW already knows about the UE is HD-FDD, hence there is no issue to apply this rule to case 3-4 for HD-FDD operation. 
For case 3-1, 3-2 and 3-3, in Rel-15/16 NR for operation on a single carrier in unpaired spectrum, it is expected that the cell-specifically configured DL reception and cell-specifically configured UL transmission should be on the DL and UL symbols/slot(s) configured by tdd-UL-DL-ConfigurationCommon. While even if the UE is not provided with tdd-UL-DL-ConfigurationCommon, considering all the UEs in the same cell is half-duplex TDD, it is not difficult for the gNB to avoid the collisions for case 3-1, 3-2 and 3-3 and without losing the resource manage flexibility much. However, for the paired spectrum, UEs capable of full-duplex and UEs not capable of full-duplex will co-exist in the same cell. For case 3-1, if it still relies on NW’s configuration to avoid the cell-specific collisions, big impacts for UEs capable of full-duplex are expected. For case 3-2 and 3-3, it is possible and may not be difficult for NW to alleviated the collision with proper scheduling. Therefore, following are proposed:
Proposal 4:  
· 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 or cell-specific higher layer parameters configuring reception by the UE 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 by the UE in the set of symbols of the slot. 
Proposal 5: FFS UE behavior in case a HD-FDD UE receives both cell-specific higher layer parameters configuring transmission from the UE in the set of symbols of the slot and cell-specific higher layer parameters configuring reception by the UE in the set of symbols of the slot, e.g.,
· Prioritize the receptions configured by the cell-specific higher layer parameters; or
· Prioritize the transmission configured by the cell-specific higher layer parameters; or 
· Case-by-case to define which one is prioritized. 

· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
For case 4, it should be defined as error case, the same as existing collision handling principles in Rel-15/16 NR for operation on a single carrier in unpaired spectrum.
Proposal 6: for case 4, reuse the existing collision handling principles that is treated as an error case in Rel-15/16 NR for operation on a single carrier in unpaired spectrum.

· Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission
· e.g., PUSCH, PUCCH, PRACH, SRS
For case 5, for reception of SS/PBCH blocks indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, the existing collision handling rule can be re-used. That is the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols used for reception of SSB, and the UE does not transmit SRS in the set of symbols of the slot. 
Proposal 7: For case 5 that SSB is configured by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier in unpaired spectrum.

· Case 8: Dynamic or semi-static DL vs. valid RO
For Case 8, the existing collision handling principles in Rel-15/16 NR for operation on a single carrier in unpaired spectrum is following:
“For a set of symbols of a slot corresponding to a valid PRACH occasion and Ngap symbols before the valid PRACH occasion, as described in Clause 8.1, the UE does not receive PDCCH, PDSCH, or CSI-RS in the slot if a reception would overlap with any symbol from the set of symbols. The UE does not expect the set of symbols of the slot to be indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.”
As noted above, the resource collision takes the Ngap symbols before the valid PRACH occasion into consideration. In other words, for unpaired spectrum, the reception of “PDCCH, PDSCH, or CSI-RS” may not overlap with the PRACH resource but overlaps with the Ngap symbols, then it also counts as resource collision. The main motivation for the Ngap symbols are to reduce or avoid that DL transmissions from the nearby gNBs interfere with the local cell UL signals reception [4]. However, above existing collision handling rule seems have some contradiction with the existing collision handling rule for case 1 and case 3 for unpaired spectrum. For example, for case 1, the dynamic scheduled DL reception is allowed to cancel the PRACH transmission; for case 3, the semi-statically configured DL reception vs. semi-statically configured UL transmission is an error case, more details can be found in contribution [5]. 

Observation 1: for Case 8 of dynamic or semi-static DL vs. valid RO, there are contradictions among the existing collision handling principles in Rel-15/16 NR for operation on a single carrier in unpaired spectrum. 
For unpaired spectrum, we do not find any problem to handle Case 8 in the same way as Case 1 and Case 3. Therefore, for HD-FDD UE, no need to specifically discuss Case 8, it can be covered by Case 1 and Case 3 including Case 3-1, 3-2, 3-3 and 3-4. 
Proposal 8: for HD-FDD operation, it is better to discuss Case 8 after common understanding is made on the existing collision handling principles in Rel-15/16 NR for operation on a single carrier in unpaired spectrum.

 Case 9: Collision due to direction switching
For Case 9, as specified in sub-clause 4.3.2 of TS 38.211, when switching the direction, a UE not capable of full-duplex communication is not expected to transmit or receive during the switching time. Therefore, the most collisions should be handled by gNB’s proper scheduling or configuration. As discussed for Case 3-1 of cell-specifically configured DL reception vs. cell-specifically configured UL transmission, considering the co-existence with the legacy full-duplex UE, it may not be easy or desirable to avoid such collision by gNB’s configuration. Therefore, additional rule may be needed for HD-FDD UE. 
Proposal 9: for HD-FDD operation, collisions due to direction switching can be handled by gNB’s proper scheduling and dedicated RRC configurations.
· FFS collision handling due to direction switching between cell-specifically configured DL reception and cell-specifically configured UL transmission

3. Conclusion
This contribution discusses the HD-FDD operation for RedCap in terms of switching times/guard times and collision handling. The proposals are summarized as following:
Proposal 1: For HD-FDD switching time, reuse existing definition of switching times for UE not capable of full duplex in TS 38.211.
· No need to define the guard times in symbol units.
· No need to define the switching positions.  
· UE does not expect to be scheduled or configured such as to switch from DL to UL or switch from UL to DL in time shorter than the   or as specified/confirmed by RAN4.
Proposal 2: For case 1, reuse the following existing collision handling principles in Rel-15/16 NR for operation on a single carrier in unpaired spectrum.
· For a HD-FDD UE, if the UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, in a set of symbols of a slot and the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
· If the UE does not indicate the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH in the set of symbols if the first symbol in the set occurs within T_(proc,2 ) relative to a last symbol of a CORESET where the UE detects the DCI format; otherwise, the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS38.214], determined from Clauses 9 and 9.2.5 or Clause 6.1 of [6, TS38.214] in the set of symbols.
· If the UE indicates the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH in symbols from the set of symbols that occur within T_(proc,2) relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from Clauses 9 and 9.2.5 or Clause 6.1 of [6, TS 38.214] in remaining symbols from the set of symbols.  
Proposal 3: For case 2, the semi-statically configured DL reception should include a CSI-RS and a DL PRS; the dynamically scheduled UL transmission should include a SRS and reuse the following existing collision handling principles in Rel-15/16 NR for operation on a single carrier in unpaired spectrum.
· For a HD-FDD UE, if the UE is configured by higher layers to receive a PDCCH, or a PDSCH, or a CSI-RS, or a DL PRS in a set of symbols of a slot, the UE receives the PDCCH, the PDSCH, the CSI-RS, or the DL PRS if the UE does not detect a DCI format that indicates to the UE to transmit a PUSCH, a PUCCH, or a SRS in at least one symbol of the set of symbols of the slot; otherwise, the UE does not receive the PDCCH, or the PDSCH, or the CSI-RS, or the DL PRS in the set of symbols of the slot.
Proposal 4:  
· 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 or cell-specific higher layer parameters configuring reception by the UE 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 by the UE in the set of symbols of the slot. 
Proposal 5: FFS UE behavior in case a HD-FDD UE receives both cell-specific higher layer parameters configuring transmission from the UE in the set of symbols of the slot and cell-specific higher layer parameters configuring reception by the UE in the set of symbols of the slot, e.g.,
· Prioritize the receptions configured by the cell-specific higher layer parameters; or
· Prioritize the transmission configured by the cell-specific higher layer parameters; or 
· Case-by-case to define which one is prioritized. 
Proposal 6: for case 4, reuse the existing collision handling principles that is treated as an error case in Rel-15/16 NR for operation on a single carrier in unpaired spectrum.
Proposal 7: For case 5 that SSB is configured by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier in unpaired spectrum.
Observation 1: for Case 8 of dynamic or semi-static DL vs. valid RO, there are contradictions among the existing collision handling principles in Rel-15/16 NR for operation on a single carrier in unpaired spectrum. 
Proposal 8: for HD-FDD operation, it is better to discuss Case 8 after common understanding is made on the existing collision handling principles in Rel-15/16 NR for operation on a single carrier in unpaired spectrum.
Proposal 9: for HD-FDD operation, collisions due to direction switching can be handled by gNB’s proper scheduling and dedicated RRC configurations.
· FFS collision handling due to direction switching between cell-specifically configured DL reception and cell-specifically configured UL transmission
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