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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#104bis-e, the following agreement was made with respect to this issue –
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
For Case 4: dynamically scheduled DL reception vs. dynamic 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
· That is, it is considered as an error case if a dynamically scheduled DL reception overlaps with a dynamically scheduled UL transmission
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
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
Working assumption: For HD-FDD, no additional UE behavior for switching position determination is specified as compared to the existing specification. 

Conclusion: Enhancement for potential UL and DL collision handling due to TA misalignment is not considered for Type-A HD-FDD operation of RedCap UEs 
Working Assumption: 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
 
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
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. In RAN1#104bis-e, the following cases of potential collisions have been discussed and the outcome is summarized in Table 1.
[bookmark: _Ref68005444]Table 1. Summary of potential collision cases.
	Case
	Collision
	RAN1#104-e
	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 the 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 the existing collision handling principles
	Whether or not PDCCH carrying ULCI is supported by RedCap UEs (including potential difference between HD vs. FD RedCap UEs

	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
	TBD – 3 options listed; other options not precluded
	

	8
	Dynamic or semi-static DL vs. valid RO
	
	

	9
	Collision due to direction switching
	[Working assumption] Reuse the 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. 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. Therefore, there is no need to extend the timeline. 
Proposal 1: In case of dynamically scheduled DL reception vs. semi-statically configured UL transmission (Case 1), there is no need to extend the timeline to include the Rx/Tx switching time.
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 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, the UE is to prioritize dynamically scheduled uplink transmission over semi-statically configured downlink reception. PDCCH carrying ULCI, however, remains FFS including whether or not it is supported by RedCap UEs.
For HD-FDD UE, the UE cannot monitor the PDCCH while transmitting the dynamically scheduled uplink transmission. To do so, the UE would have to switch from Tx to Rx, monitor the PDCCH, then switches back to Tx if applicable. This is not really practical for HD-FDD UE and this error case would apply to any PUSCH transmission by the UE in general and not specific to Case 2. Therefore, it is proposed that ULCI is not supported by HD-FDD RedCap UE. Any coexistence issue between URLLC and RedCap UEs can be handled by gNB implementation.
Proposal 2: ULCI is not supported by HD-FDD RedCap UE.
Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission.
For Case 3, 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 and uplink channels. For instance, if the UE is performing random access is would sends the preamble on the PRACH then switches over to CORESET#0 monitoring. Therefore, there is no need to define explicit handling rule.
[bookmark: _Hlk70947027]Proposal 3: In case of collision between cell-specifically configured downlink reception vs. cell-specifically configured uplink transmission, there is no need to define collision handling rule. Collision handling or priotization can be left to UE implementation.
Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission.
For Case 4, this is not expected by the UE and is therefore considered an error case to be avoided by the gNB. Currently there is no remaining issue for this case.
Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission, e.g., PUSCH, PUCCH, PRACH, SRS.
[bookmark: _GoBack]Case 5 remains undecided and several options have been listed. The case has also been split between dynamic and configured uplink transmission.
For dynamically scheduled uplink transmission, the options are –
· 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

For this case, our preference is to handle this in the same manner as Case 2 and prioritize dynamically scheduled uplink transmission over SSB.
Proposal 4: In case dynamically scheduled UL transmission overlaps with an SSB, follow the handling of Case 2 that dynamic uplink transmission is prioritize over SSB.
The next issue concerns the case of semi-statically configured uplink transmission overlapping with an SSB. The options are listed below –
· 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 or not the semi-static configured UL transmission includes a valid RO
For this case, our preference is to handle this in the same manner as Case 2 and prioritize dynamically scheduled uplink transmission over SSB.
Proposal 5: In case semi-static configured UL transmission overlaps with an SSB, it is up to gNB configuration to avoid such collision and UE behavior does not need to be defined in case there is an overlap.

The case of semi-static configured uplink transmission including a valid RO can be considered the same as Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission. Our view on this is provided in Proposal 3.
Case 8: Dynamic or semi-static DL vs. valid RO.
For Case 8, it is noted that the gNB can still receive random access and transmit on the downlink at the same time. So there is no issue from the gNB perspective. For the UE perspective, UE in connected mode will not need to transmit anything on the PRACH unless instructed to do so by the gNB. In case of semi-static downlink vs valid random access occasion, this case should be considered the same as Case 3 with cell-specifically configured downlink reception vs. cell-specifically configured uplink transmission. We therefore propose the same rule here –
In case of dynamic downlink versus valid RO, we are not aware when this situation will occur. It is unlikely that the gNB would dynamically schedule something in the downlink while it expects the UE to transmit random access. However, we can consider this the same as the previous case where collision handling rule is not necessary and it can be left to UE implementation. 
Proposal 6: In case of dynamic or semi-static downlink vs valid RO, there is no need to define collision handling rule. Collision handling or priotization can be left to UE implementation.
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. 
Proposal 7: 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.
Note that this means that the gNB should take care to avoid back-to-back DL-to-UL and UL-to-DL transmission and reception for the cases considered. 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, pending confirmation from RAN4.
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 existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum. Therefore, there is no need to define guard times in symbol units to simplify collision handling. 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 8: There is no need to define guard times in symbol units.
In previous RAN1 meetings, the need for the network to semi-static TDD-like slot formats for HD-FDD UE has also been discussed. It has been noted that this can avoid collision cases but however this comes at considerable complexity and restriction on the network side. Furthermore, since most collision cases that have been identified are either to be avoided by the gNB or to reuse existing rules, there is no need to further consider this method. 
Proposal 9: Configuration of semi-static TDD-like slot formats for HD-FDD UE is not considered further.
Conclusions
In this contribution, we consider half-duplex operation and make the following proposals –
Proposal 1: In case of dynamically scheduled DL reception vs. semi-statically configured UL transmission (Case 1), there is no need to extend the timeline to include the Rx/Tx switching time.
Proposal 2: ULCI is not supported by HD-FDD RedCap UE.
Proposal 3: In case of collision between cell-specifically configured downlink reception vs. cell-specifically configured uplink transmission, there is no need to define collision handling rule. Collision handling or priotization can be left to UE implementation.
Proposal 4: In case dynamically scheduled UL transmission overlaps with an SSB, follow the handling of Case 2 that dynamic uplink transmission is prioritize over SSB.
Proposal 5: In case semi-static configured UL transmission overlaps with an SSB, it is up to gNB configuration to avoid such collision and UE behavior does not need to be defined in case there is an overlap.
Proposal 6: In case of dynamic or semi-static downlink vs valid RO, there is no need to define collision handling rule. Collision handling or priotization can be left to UE implementation.
Proposal 7: 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.
Proposal 8: There is no need to define guard times in symbol units.
Proposal 9: Configuration of semi-static TDD-like slot formats for HD-FDD UE is not considered further.
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