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Introduction
[bookmark: _Hlk525462591]In Rel-17 WI for reduced capability devices [1], UE complexity reduction features are to be specified. One component of complexity reduction is the support for half-duplex operation –
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
In RAN1#106-e, the following agreement was made with respect to this issue –

Agreement:
· 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 

Agreement:
· 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.

Working Assumption
· For Type-A HD-FDD UEs, all ROs applicable to RedCap UEs are valid (same as FD-FDD RedCap UEs), 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 
 
Working Assumption
· 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
· FFS: whether or not there are conditions (e.g., exception for valid RO not intended for PRACH transmission) that need to be considered.
· Note: For valid RO intended for PRACH triggered by PDCCH order, it has been covered in Case 2.

Agreement:
Confirm this Working Assumption.

Working Assumption
· For Type-A HD-FDD UEs, all ROs applicable to RedCap UEs are valid (same as FD-FDD RedCap UEs), 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 


Agreement
Confirm this Working Assumption. 

Working Assumption
· 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
· FFS: whether or not there are conditions (e.g., exception for valid RO not intended for PRACH transmission) that need to be considered.
· Note: For valid RO intended for PRACH triggered by PDCCH order, it has been covered in Case 2.

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), 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.

Agreement 
· 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
· FFS: whether or not the same UE behavior is applied to Msg3 (re)transmission and PUCCH for msg4

Agreement
· 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 address issues related to half-duplex operation.
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]Half-Duplex Operation
In half-duplex operation, the UE is always monitoring the downlink channel unless directed by the network to transmit something in the uplink. For collision handling, it has been agreed that, for cases 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. So far, the following cases of potential collisions have been discussed and the outcome is summarized in Table 1.
[bookmark: _Ref68005444]Table 1. Summary of collision handling for different cases.
	Case
	Collision
	Agreements
	FFS

	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
	Reuse existing collision handling principles
	Whether the timeline is extended to include the RX/TX switching time for HD-FDD

	2
	Semi-statically configured DL reception vs. dynamically scheduled UL transmission, e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
	Reuse existing collision handling principles
RedCap UE is not required to monitor ULCI. No special handling on the priority rule for PDCCH carrying ULCI.
	

	3
	Semi-statically configured DL reception vs. semi-statically configured UL transmission 
	Error case, i.e. not expected by UE
	Cell-specifically configured DL reception vs. cell-specifically configured UL transmission

	4
	Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
	Error case, i.e. not expected by UE
	

	5
	Configured SSB vs. dynamically scheduled or configured UL transmission, e.g., PUSCH, PUCCH, PRACH, SRS
	For configured UL transmission (CG-PUSCH, SRS, PUCCH), re-use the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over configured UL transmission.
	For dynamically scheduled UL transmission –
o	Option 1: Dynamically scheduled UL transmission is prioritized over SSB
o	Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission

	8
	Dynamic or semi-static DL vs. valid RO
	All ROs applicable to RedCap UEs are valid.
For RO overlapping with (1) PDCCH in Type 0/0A/1/2 CSS set, (2) UE-dedicated configured DL reception (e.g. PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS), (3) SSB, leave it to UE implementation whether to receive DL or transmit PRACH
	For dynamically scheduled DL reception, –
o	Option 2: Leave to UE implementation whether to receive the dynamically scheduled DL or transmit PRACH
o	Option 3: Follow the handling of Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission)
o	Option 4: Valid RO is prioritized over dynamic DL reception

	9
	Collision due to direction switching
	[Working assumption] Reuse existing collision handling principles
	NTX-RX and NRX-TX, and how it jointly works with the agreement for other 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, it has been agreed to reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier/single cell in unpaired spectrum. The existing rules are defined in Section 11.1 of 38.213. In short, if the UE is not capable of partial cancellation in the uplink, the uplink transmission is cancelled if the first symbol of the uplink transmission occurs after  relative to a last symbol of a CORESET where the UE detects the DCI format. If the UE is capable of partial cancellation in the uplink, the UE does not cancel uplink transmission in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format, but will cancel the remaining uplink symbols. The parameter  denotes the PUSCH preparation time and is given by the equation –

In RAN1#104bis-e, it was left for further study whether the timeline is extended to include the Rx/Tx switching time for HD-FDD. For UE that is not capable of cancellation, the additional time is unlikely to change the outcome as the UE would have prioritize either UL or DL based on the collision cases. For UE that is capable of cancellation, in our view, the PUSCH preparation time greatly exceeds the Rx/Tx switching time. In addition, the UE can perform PUSCH preparation at the same time as Rx/Tx switching. Furthermore, the gNB can also take the switching time into account when scheduling the UE. Therefore, there is no need to extend the timeline. 
Proposal 1: (Case 1) In case of dynamically scheduled DL reception vs. semi-statically configured UL transmission, there is no need to extend the timeline to include the Rx/Tx switching time.
Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission.
For Case 3, the agreement so far is that this is not expected by the UE and is therefore considered an error case to be avoided by the gNB. The one exception to be considered further is with respect to cell-specifically configured downlink reception vs. cell-specifically configured uplink transmission. For instance, there may be an overlap between RACH occasions and paging occasions. It would not be practical for the gNB to avoid all these potential overlap with configuration restrictions. Two approaches can be considered –
· Define collision handling rule 
· Leave it to UE implementation which channel to prioritize. Generally, the UE would be interested only in one of the downlink or uplink channel. For instance, if the UE is performing random access it would send the preamble on the PRACH then switches over to CORESET#0 monitoring. Or if the UE is configured for RRM measurement it can decide to prioritize SSB over UL transmission. Therefore, there is no need to define explicit handling rule.
However, it is noted that the remaining issues in case 3 can be treated under Case 5 (collision with SSB) and Case 8 (collision with RO). Therefore, we feel that the handling of collision between cell-specifically configured downlink reception vs. cell-specifically configured uplink transmission can be covered by agreements in other cases.
Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission, e.g., PUSCH, PUCCH, PRACH, SRS.
For Case 5, it has been agreed to re-use the existing collision handling principles (i.e. SSB is prioritized over configured UL transmission) for configured UL transmission which includes CG-PUSCH, SRS, and PUCCH. 
For dynamically scheduled uplink transmission, two options remain for down-selection –
· 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

For this case, our preference is to handle this in the same manner as Case 2 and prioritize dynamically scheduled uplink transmission over SSB. The main motivation is that, first, for configured UL transmission, the SSB is prioritized. Thus, if SSB is also prioritized for dynamically scheduled uplink transmission, the gNB will not be able to schedule HD-FDD UE in any UL slot overlapping with the SSB. This severely impacts the performance of the system and places considerable constraints on the scheduler, especially if there is no FD-FDD UE to be scheduled in the slot. Secondly, unlike the case for configured UL transmission, dynamically scheduled transmission only impact 1-2 UE at a time so therefore the impact to SSB measurements are limited. Therefore, it is reasonable to prioritize dynamically scheduled uplink transmission over SSB. Note that the gNB can still of course avoid scheduling UL transmission during SSB if it is not necessary to do so.
Proposal 2: (Case 5) In case dynamically scheduled UL transmission overlaps with an SSB, dynamically scheduled UL transmission is prioritized over SSB.
Case 8: Dynamic or semi-static DL vs. valid RO.
For this case, first it has been agreed that all ROs applicable to RedCap UEs are valid (i.e. same definition of valid RO as FD-FDD UEs). In addition, it is noted that the gNB can still receive random access on the uplink and transmit on the downlink at the same time. Therefore, there is no issue from the gNB perspective. For the UE perspective, UE in connected mode in general will typically not need to transmit anything on the PRACH unless instructed to do so by the gNB.
Second, it has been agreed to leave it to UE implementation whether to receive DL or transmit PRACH for the following cases - RO overlapping with (1) PDCCH in Type 0/0A/1/2 CSS set, (2) UE-dedicated configured DL reception (e.g. PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS), and (3) SSB. There is only one case remaining –
For Case 8 of valid RO overlapping with dynamically scheduled DL reception, down-select one of following options –
· 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
For this case, we have a preference to handle it in the same manner as the other sub-cases. That is, UE should prioritize valid RO over dynamically scheduled DL reception if UE needs to transmit the PRACH. Otherwise, UE should receives the DL. In our understanding, this is the same as the previous case where we can leave it to UE implementation whether to receive the dynamically scheduled DL or transmit PRACH. Note that, for this case, the UE may already be switching from RX to TX if it decided it needed to transit a RACH. It may not be able to know if there even was a dynamically scheduled PDSCH if K0=0. Without leaving it to UE implementation we would need to configure RACH occasions such that UE can decode PDCCH then switch from RX to TX. This is unnecessary and can limit RACH configuration and performance.
Proposal 3: (Case 8) In case of valid RO overlapping with dynamically scheduled DL reception, leave to UE implementation whether to receive the dynamically scheduled DL or transmit PRACH.
Some additional issues remain FFS for Case 8 and our preferences are provided below –
In TDD, the collision also includes Ngap symbols before the valid RO. That is, for a set of symbols of a slot corresponding to a valid PRACH occasion and Ngap symbols before the valid PRACH occasion, 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. Although it’s not clear why Ngap should apply in the case for FDD, in RAN1#106-e discussion the majority of companies prefer to keep the TDD principle. Therefore, we are fine also to agree based on majority view.
Proposal 4: The set of symbols overlapping with dynamic DL reception can include the Ngap symbols before the valid RO.
For 2-step RACH, it remains FFS whether the same principle would also apply to the PUSCH in this case. In 2-step RACH, the PUSCH follows the PRACH transmission and therefore the PUSCH handling principle is also needed. Since PUSCH transmission is coupled to PRACH transmission and the resources are associated, it makes sense to follow the same collision handling principle for PUSCH occasion of MsgA in 2-step RACH. 
Proposal 5: For PUSCH occasion of MsgA in 2-step RACH, reuse the same handling principle and leave to UE implementation whether to receive the DL or transmit MsgA.
Case 9: Collision due to direction switching.
For Case 9, a working assumption was made in RAN1#104bis-e –
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
· FFS: how it jointly works with the agreement for other collision cases
In addition, it has been agreed as a working assumption that no additional UE behavior for switching position determination is specified as compared to the existing specification. In addition, the NTX-RX and NRX-TX can be existing switching times for UE not capable of full duplex in TS 38.211, Table 4.3.2-3, as confirmed by RAN4 in [4].
Proposal 6: (Case 9) For collision due to direction switching, confirm the working assumption to reuse the same principle as Rel-15/16 UE not capable of full-duplex communication. The two FFS’s can be removed.
Note that this means that the gNB should take care to schedule back-to-back DL-to-UL and UL-to-DL transmission and reception with the necessary gaps. 
Other issues:
One remaining issue is whether to define the guard times in symbol units. Based on the above discussion on collision handling, it is seen that collision handling for required cases will be based on existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum. The agreement in RAN1 was to reuse the existing switching time for UE not capable of full duplex in TS 38.211, Table 4.3.2-3 as shown below. This has been confirmed by RAN4 in [4].
	Transition time
	FR1
	FR2

	
	25600
	13792

	
	25600
	13792


In our view, there is no need to define guard times in symbol units to simplify collision handling. This would additional complexity due to the rounding effect. Furthermore, it has been concluded that enhancement for potential UL and DL collision handling due to TA misalignment is not considered HD-FDD RedCap UE. Therefore, we do not see a reason to define guard times in symbol units.
Proposal 7: There is no need to define guard times in symbol units.
In RAN1#105-e, it was concluded that there was no consensus on specification support of semi-static UL/DL pattern to HD-FDD RedCap UEs in Rel-17. One issue considered was whether SFI can be optionally supported for HD-FDD UE. In our view, SFI support would unnecessarily increase UE complexity. Furthermore, since collision cases are being handled, we do not see the need to support SFI for HD-FDD UE.
Proposal 8: There is no need to support dynamic SFI for HD-FDD RedCap UE.
Conclusions
In this contribution, we consider half-duplex operation and make the following proposals –
Proposal 1: (Case 1) In case of dynamically scheduled DL reception vs. semi-statically configured UL transmission, there is no need to extend the timeline to include the Rx/Tx switching time.
Proposal 2: (Case 5) In case dynamically scheduled UL transmission overlaps with an SSB, dynamically scheduled UL transmission is prioritized over SSB.
Proposal 3: (Case 8) In case of valid RO overlapping with dynamically scheduled DL reception, leave to UE implementation whether to receive the dynamically scheduled DL or transmit PRACH.
Proposal 4: The set of symbols overlapping with dynamic DL reception can include the Ngap symbols before the valid RO.
Proposal 5: For PUSCH occasion of MsgA in 2-step RACH, reuse the same handling principle and leave to UE implementation whether to receive the DL or transmit MsgA.
Proposal 6: (Case 9) For collision due to direction switching, confirm the working assumption to reuse the same principle as Rel-15/16 UE not capable of full-duplex communication. The two FFS’s can be removed.
Proposal 7: There is no need to define guard times in symbol units.
Proposal 8: There is no need to support dynamic SFI for HD-FDD RedCap UE.
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