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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN1#106-e meeting, following agreements focusing on handling the collision Case 5 and Case 8 were made for FDD half-duplex RedCap UEs [1]:
	Agreements:
· For Case 5 of SSB overlaps with in configured UL transmission, re-use the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over configured UL transmission
· The configured UL transmission includes CG-PUSCH, or SRS
· FFS: Confirm that PUCCH is included 

Agreements:
· For Case 5 of SSB overlaps with configured UL transmission, the configured UL transmission includes PUCCH transmission configured by higher layers
· Note:  The UL transmission indicated by DCI is supposed to be dynamic UL transmission.

Agreements:
· For Case 5 of dynamically scheduled UL transmission vs. SSB, one or both of the following options to be determined till next meeting:
· Option 1: Dynamically scheduled UL transmission is prioritized over SSB
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission

Agreements:
· For Type-A HD-FDD UEs, all ROs applicable to RedCap UEs are valid, and for the case of SSB overlapping with valid RO from cell specific point of view, leave it to UE implementation whether to receive SSB or transmit PRACH
· No support of differentiating of ROs for Type-A HD-FDD Redcap UEs and FD FDD RedCap UEs 
 
Agreements:
· For Case 8 of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set, leave it to UE implementation whether to receive configured PDCCH or transmit PRACH
· Note: For valid RO intended for PRACH triggered by PDCCH order, it has been covered in Case 2.

Agreements:
· 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), leave it to UE implementation whether to receive the DL or transmit PRACH
· Note: For valid RO intended for PRACH triggered by PDCCH order, it has been covered in Case 2.
 
Agreements:
· For Case 8 of valid RO overlapping with dynamically scheduled DL reception, downselect one of following options in next meeting
· Option 2: Leave to UE implementation whether to receive the dynamically scheduled DL or transmit PRACH
· Option 3: Follow the handling of Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission)
· Option 4: Valid RO is prioritized over dynamic DL reception



In this contribution, we provide our views on the remaining issues on duplex operation for RedCap including collision handling, switching position and switching time unit. 

2. Half-duplex FDD operation
2.1 Switching time unit
About the switching time, the main discussion point is whether to define the guard times in symbol units. It was discussed in previous meetings and the understanding is we will make the decision after receiving RAN4’s feedback on the transition time. In this meeting, RAN1 received RAN4’s reply LS for HD-FDD switching time in [2] and RAN4 confirmed to reuse the existing switching times for FR1 for UE not capable of full duplex in TS 38.211, Table 4.3.2-3. In addition, RAN1 also made a conclusion on no consensus to support the semi-static UL/DL pattern to HD-FDD RedCap UEs in Rel-17 [3]. Given the feedback from RAN4 and the conclusion from RAN1, it is time to decide that there is no need to define the guard time in symbol units.
Proposal 1: No need to define the guard times in symbol units for HD-FDD switching time.
2.2 DL and UL collision handling
For DL/UL collision handling, good progress was achieved in the previous meetings. In the following, we present our views on the remaining FFSs for the related collision cases.
2.2.1 Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
For case 1, there is one FFS in the following agreements made in RAN1#104bis-e meeting.
	Agreements:
· 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



From our understanding, for UE not capable of partial cancellation, since the entire configured UL transmission will be cancelled, it does not matter whether the cancellation timeline includes the RX/TX switching time or not. For UE capable of partial cancellation, gNB should ensure the RX/TX switching time between the partial UL transmission that is not cancelled and the dynamically scheduled DL reception. An illustration is given in Figure 1. Therefore, the FFS for case 1 is not needed. 
[image: ]
Figure 1: NW should ensure the RX/TX switching time between partial transmitted UL and dynamically scheduled DL
Proposal 2: For case 1, the FFS that whether the timeline is extended to include the RX/TX switching time for HD-FDD should be removed.
2.2.2 Case 3: semi-statically configured DL reception vs. semi-statically configured UL transmission
Based on RAN1#104bis-e meeting, following cases and related UE behavior are categorized as case 3. 
· Case 3-1: 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 
· Case 3-2: 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 
· Case 3-3: 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 
· Case 3-4: FFS on cell-specifically configured DL reception vs. cell-specifically configured UL transmission
For Case 3-2, it should be clarified what is the cell specific higher layer parameters configured reception. Since all SSB related collisions are handled in Case 5, for Case 3-2, the cell specific higher layer parameters configured reception should include the Type 0/0A/1/2 CSS set.
For Case 3-3, following agreement was made in RAN1#104bis-e meeting,
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

From our understanding, the transmission from the UE configured by cell specific higher layer parameters only includes the RO and RO related collisions are handled in Case 8. In the RAN1#106-e meeting, following was agreed:
 Agreements:
· 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), leave it to UE implementation whether to receive the DL or transmit PRACH
· Note: For valid RO intended for PRACH triggered by PDCCH order, it has been covered in Case 2.
It is observed that there is some mismatch as highlighted in the two agreements. Therefore, we suggest the later agreement made in RAN1#106-e meeting should supersede the one made in previous meeting i.e., RAN1#104bis-e meeting. 

For Case 3-4 of cell-specifically configured DL reception vs. cell-specifically configured UL transmission, it is already by following agreements made in RAN1#106-e meeting:
Agreements:
· For Type-A HD-FDD UEs, all ROs applicable to RedCap UEs are valid, and for the case of SSB overlapping with valid RO from cell specific point of view, leave it to UE implementation whether to receive SSB or transmit PRACH
· No support of differentiating of ROs for Type-A HD-FDD Redcap UEs and FD FDD RedCap UEs 
 
Agreements:
· For Case 8 of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set, leave it to UE implementation whether to receive configured PDCCH or transmit PRACH
· Note: For valid RO intended for PRACH triggered by PDCCH order, it has been covered in Case 2.

Based on above observations, we suggest to update the RAN1#104bis-e agreement for Case 3 as shown in Proposal 3.
Proposal 3: Update the RAN1#104bis-e agreement for Case 3 as the following 
· 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
· [bookmark: _GoBack]Cell-specifically configured DL reception refers to PDCCH in Type-0/0A/1/2 CSS set
· 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
2.2.3 Case 5: SSB vs. dynamically scheduled UL transmission
For case 5, for configured UL transmission vs. SSB, it was agreed that SSB is prioritized over configured UL transmission. The remaining issue is to determine from the following option(s) for collision handling between dynamically scheduled UL transmission and SSB.
· Option 1: Dynamically scheduled UL transmission is prioritized over SSB
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission
As the dynamic scheduled UL transmission is fully under gNB’s control, if such collision of SSB v.s. dynamic scheduled UL transmission is allowed, the dynamic scheduled UL transmission should be prioritized, i.e., option 1. Otherwise, it is meaningless for gNB to schedule a UL transmission that overlaps with SSB if option 2 is selected.  In addition, it is NOT necessary to have a unified solution to handle the collision for the configured UL transmission vs SSB, and the collision for dynamic UL transmission vs. SSB. In Rel-15, UE behaviour is already different for DL/UL collisions that involving dynamic UL transmission and configured UL transmission. However, if down-selection between option 1 and option 2 cannot be made, it would be fine to support both based on UE’s capability and gNB’s configuration. 
Proposal 4: For Case 5 of dynamically scheduled UL transmission vs. SSB, 
· Option 1 is our first preference, that is dynamically scheduled UL transmission is prioritized over SSB. 
· If it is difficult to make down-selection between option 1 and option 2, support both option 1 and option 2 based on UE’s capability can be considered.

There is one FFS on whether/how to account for Tx/Rx switching time before and after the set of SSB symbols. From our understanding, given the UL transmissions in case 5 is either dynamically scheduled or configured by dedicated higher layer parameters, the gNB should ensure the sufficient Tx/Rx switching time. Therefore, no special handling is needed for this case.
Proposal 5: For case 5, gNB should ensure the sufficient Tx/Rx switching time before and after the set of SSB symbols. No special handling is needed.  
2.2.4 Case 8: valid RO vs. dynamically scheduled DL reception
In the last meeting, decisions were made for the case of valid RO vs. UE-dedicated configured DL reception, the case of valid RO vs. PDCCH in Type 0/0A/1/2 CSS set(s) and the case of valid RO vs. SSB that leave it to UE implementation whether to receive above DL transmissions or transmit PRACH. The remaining issue is to downs elect one of following options for collision handling between dynamically scheduled DL reception and valid RO.
· Option 2: Leave to UE implementation whether to receive the dynamically scheduled DL or transmit PRACH
· Option 3: Follow the handling of Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission)
· Option 4: Valid RO is prioritized over dynamic DL reception
Among three options, option 4 is too restrictive, since UE would not transmit PRACH in most of the valid ROs, always prioritize the valid RO would put too much restrictions for gNB to schedule the urgent DL transmission. Therefore, we do not support option 4. We are fine with Option 2 and Option 3, with preference for Option 3. 
Proposal 6: For Case 8 of valid RO overlaps with dynamically scheduled DL reception, 
· Option 3 that follow the handling of Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission) is our 1st preference. 
· Option 2 that leave to UE implementation is our 2nd preference.
Another remaining issue for case 8 is whether or not the set of symbols overlapping with dynamic/configured DL reception or PDCCH in CSS set or SSB includes also Ngap symbols before the valid RO. Although it can be discussed together with Case 9 for all general cases, it is beneficial and more efficient to discuss the collision cases that involving RO, SSB and Type 0/0A/1/2 CSS set separately since these transmissions and receptions are configured by cell-specific parameter, same logic as the case 5 and case 8 are separately discussed from other collision cases. From our point of view, for the collision case of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set or SSB, where the DL reception is cell-specifically configured, to include Ngap symbols before the valid RO is beneficial to account for DL-to-UL switching time. For collision case of valid RO overlapping with UE-dedicated configured or dynamically scheduled DL reception, including Ngap symbols before the valid RO is not necessary since gNB should ensure the sufficient switching time for the dynamically scheduled or dedicatedly configured DL transmissions. 

Proposal 7: At least for the collision cases of valid RO vs. PDCCH in Type 0/0A/1/2 CSS set(s) or SSB, the set of symbols overlapping with PDCCH in CSS set or SS includes also Ngap symbols before the valid RO. 
2.2.5 Case 9: Collision due to direction switching
For case 9, the intention is to clarify whether the back-to-back UL/DL without sufficient gap is allowed or not, and what is the assumed UE behaviour if happens. 
For HD-FDD operation, it should not be different much from the Rel-15/16 UE not capable of full duplex communications for handling the transmission/reception collision due to direction switching. It was discussed extensively in the last RAN1 meeting on the how to understand the following specification for Rel-15/16 UE not capable of full duplex communications, i.e., whether treat it as an error case or leave it to UE implementation to ensure the switching time is satisfied.
	TS 38.211 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.


We have traced the discussion history about this issue, following agreement was made in RAN1#93. After that, no additional UE behavior was agreed to handle such case and the current spec does not have such UE behavior either, so it should be understood as the error case for Rel-15/16 UE not capable of full duplex communications. 
	Agreements (RAN1#93):
· UE is not required to receive on a downlink symbol and then transmit on a uplink symbol if those two symbols are not separated by at least Rx2Tx us on unpaired spectrum for a given serving cell, from the UE perspective
· Discuss further whether it’s an error case or to specify a UE behavior
· Note that the exact value of Rx2Tx has been specified in RAN4 [R4-1805766]



Then, for Rel-17 HD-FDD RedCap UEs, for the following cases, there should be no difficulty for gNB to ensure the switching time:
· Case A: Back-to-back semi-statically configured transmission/reception vs. dynamically scheduled reception/transmission
· Case B: Back-to-back transmission/reception configured by dedicated higher layer parameters vs. reception/transmission configured by dedicated or cell specific higher layer parameters
For the Case C that back-to-back transmission/reception configured by cell-specific higher layer parameters and reception/transmission configured by cell-specific higher layer parameters, we can discuss if optimization is need to relax gNB’s configuration restrictions. 
Case C is actually the collision cases of valid RO vs. SSB and the collision of valid RO vs configured PDCCH in Type 0/0A/1/2 CSS set(s). Given the proposal 7 that the set of symbols overlapping between the valid RO and the SSB/configured PDCCH in Type 0/0A/1/2 CSS set(s) should include the Ngap symbols which is already relax the restriction for gNB in FDD operation, no additional rule/solution is needed. Therefore, we propose to confirm following two WAs made in RAN1#104bis-e meeting [5] with some updates considering RAN4’s reply LS. 
Proposal 8:  Confirm following working assumption
· For HD-FDD, no additional UE behavior for switching position determination is specified as compared to the existing specification. 
Proposal 9: for HD-FDD operation, confirm following working assumption with the updates.
· For HD-FDD, reuse the same principle as Rel-15/16 UE not capable of full-duplex communication
· A HD-FDD UE is not expected to transmit in the uplink earlier than [NRX-TX Tc] after the end of the last received downlink symbol in the same cell
· A HD-FDD UE is not expected to receive in the downlink earlier than [NTX-RX Tc] after the end of the last transmitted uplink symbol in the same cell
· FFS NTX-RX and NRX-TX should be decided in RAN4.
· FFS: how it jointly works with the agreement for other collision cases 

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: No need to define the guard times in symbol units for HD-FDD switching time.
Proposal 2: For case 1, the FFS that whether the timeline is extended to include the RX/TX switching time for HD-FDD should be removed.
Proposal 3: Revise the RAN1#104bis-e agreement for Case 3 as the following 
· 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
· Cell-specifically configured DL reception refers to PDCCH in Type-0/0A/1/2 CSS set
· 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
Proposal 4: For Case 5 of dynamically scheduled UL transmission vs. SSB, 
· Option 1 is our first preference, that is dynamically scheduled UL transmission is prioritized over SSB. 
· If it is difficult to make down-selection between option 1 and option 2, support both option 1 and option 2 based on UE’s capability can be considered.
Proposal 5: For case 5, gNB should ensure the sufficient Tx/Rx switching time before and after the set of SSB symbols. No special handling is needed.  
Proposal 6: For Case 8 of valid RO overlaps with dynamically scheduled DL reception, 
· Option 3 that follow the handling of Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission) is our 1st preference. 
· Option 2 that leave to UE implementation is our 2nd preference.
Proposal 7: At least for the collision cases of valid RO vs. PDCCH in Type 0/0A/1/2 CSS set(s) or SSB, the set of symbols overlapping with PDCCH in CSS set or SS includes also Ngap symbols before the valid RO. 
Proposal 8:  Confirm following working assumption
· For HD-FDD, no additional UE behavior for switching position determination is specified as compared to the existing specification. 
Proposal 9: for HD-FDD operation, confirm following working assumption with the updates.
· For HD-FDD, reuse the same principle as Rel-15/16 UE not capable of full-duplex communication
· A HD-FDD UE is not expected to transmit in the uplink earlier than [NRX-TX Tc] after the end of the last received downlink symbol in the same cell
· A HD-FDD UE is not expected to receive in the downlink earlier than [NTX-RX Tc] after the end of the last transmitted uplink symbol in the same cell
· FFS NTX-RX and NRX-TX should be decided in RAN4.
· FFS: how it jointly works with the agreement for other collision cases 
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