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[bookmark: _Ref7476982]Introduction 
According to the work item for the support of reduced capability NR devices, the following objective has been identified for normative specification work [1]. 

	· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)



The following agreements on HD-FDD operation were achieved [2-5]. 

	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, consider at least the following DL/UL collision cases 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, or RO
· 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 6: Monitoring for UL cancellation indication (if supported) while transmitting in UL
· Case 7: Collision due to BWP switching (if supported)
· Case 8: Dynamic or semi-static DL vs. valid RO
· Case 9: Collision due to direction switching

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 (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

Agreement:
· For Case 2 (semi-statically configured DL reception vs. dynamically scheduled UL transmission), a HD-FDD RedCap UE is not required to monitor ULCI
· No special handling on the priority rule for PDCCH carrying ULCI

Conclusion:
· No consensus of specification support of semi-static UL/DL pattern to HD-FDD RedCap UEs in Rel-17.

Agreement:
· For Case 8 of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set, down-select from the following options
· Option 1: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that valid RO is prioritized over configured PDCCH
· Option 2: Leave to UE implementation whether to receive the configured PDCCH or transmit the PRACH on the valid RO
· Option 3: If configured PDCCH is in a Type-2 CSS set, then PDCCH is prioritized; otherwise the valid RO is prioritized
· Option 4: Configured PDCCH is prioritized over valid RO
· Option 5: Configured by network, e.g. via a priority indicator
· FFS: whether or not the set of symbols overlapping with PDCCH in CSS set includes also Ngap symbols before the valid RO and whether the same value for Ngap in current spec is reused for HD-FDD
· FFS whether a valid RO follows TDD’s or FDD’s definition, and if so, the corresponding impact
· FFS: whether or not the same principle is applied to PUSCH occasion of MSGA in 2-step RACH, if supported

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), down-select from the following options
· Option 1: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that valid RO is prioritized over configured DL
· Option 2: Leave to UE implementation whether to receive the configured DL or transmit the PRACH on the valid RO
· Option 5: Configured by network, e.g. via a priority indicator
· Other options are not precluded.
· FFS: whether or not the set of symbols overlapping with configured DL includes also Ngap symbols before the valid RO and whether the same value for Ngap in current spec is reused for HD-FDD
· FFS: whether or not the same principle is applied to PUSCH occasion of MSGA in 2-step RACH, if supported

Agreement:
· For Case 8 of valid RO overlapping with dynamically scheduled DL reception, down-select from the following options
· Option 1: Reuse the existing collision handling principles of Rel-15/16 for NR TDD for operation on a single carrier /single cell in unpaired spectrum
· Option 2: Leave to UE implementation whether to receive the DL or transmit the PRACH on a valid RO
· Option 3: Follow the handling of Case 1 to cancel PRACH based on a timeline that when the cancellation timeline is satisfied, the UE cancels the PRACH transmission and receives the DL signal/channels on the symbols overlapping with PRACH occasion (Interpretation 2 in R1-2103809)
· Option 4: Valid RO is prioritized over dynamic DL that UE performs PRACH transmission and does not perform the DL receptions (Interpretation 3 in R1-2103809)
· Option 5: When the cancellation timeline is satisfied, the UE neither performs transmission nor receives any DL signal/channels on the symbols overlapping with PRACH occasion (Interpretation 1 in R1-2103809)
· FFS: whether or not the set of symbols overlapping with dynamic DL reception includes also Ngap symbols before the valid RO and whether the same value for Ngap in current spec is reused for HD-FDD
· FFS: whether or not the same principle is applied to PUSCH occasion of MSGA in 2-step RACH, if supported

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 provide our further views on the remaining issues on HD-FDD operations that were identified in last RAN1 meetings. 
Handling overlap between a DL reception and a UL transmission 
A FDD cell consists a DL carrier and a UL carrier. While the FDD gNB can do full duplex operation on both DL/UL carriers, a HD-FDD UE can only do either DL reception on the DL carrier or UL transmission on the UL carrier at a time. Further, a gap is required between a DL reception and a UL transmission at UE, i.e. DL-to-UL switching time, and between a UL transmission and a DL reception, i.e. UL-to-DL switching time. Except that DL reception and UL transmission are performed on DL carrier and UL carrier respectively, HD-FDD UE operation is similar to the operation of a TDD UE. 

The overlap handling scheme between a DL channel/signal and a UL channel/signal for NR TDD is summarized in Table 1. A deprioritized channel/signal may be fully cancelled or partly cancelled on the overlapped symbols. 

Table 1.  Overlap handling between DL and UL channels/signals of NR TDD UE
	Case#
	DL channel/signal
	UL channel/signal
	Rel-15/16 UE behavior 

	1
	Scheduled DL, e.g. PDSCH or CSI-RS
	Configured UL, e.g. SRS, or PUCCH, or PUSCH, or PRACH
	Prioritize scheduled DL subjected to cancellation timeline checking
PUCCH, PUSCH, PRACH: cancel all symbols (not capable of [partialCancellation]), or cancel overlapped symbols (capable of [partialCancellation])
SRS: cancel the overlapped symbols

	2
	Configured DL, e.g. PDCCH, or a PDSCH, or a CSI-RS, or a DL PRS
	Scheduled UL, e.g. PUSCH, a PUCCH, a PRACH, or a SRS
	Prioritize scheduled UL
Cancel all DL symbols

	3
	Configured DL
	Configured UL
	Error case

	4
	Scheduled DL
	Scheduled UL
	Error case

	5
	SSB
	Scheduled/configured UL, e.g. PUSCH, PUCCH, PRACH, SRS
	Prioritize SSB
PUSCH, PUCCH, PRACH: Cancel all UL symbols
SRS: cancel the overlapped symbols

	8
	Scheduled/configured DL
	Valid RO
	Prioritize PRACH
Cancel all DL symbols




Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission

It was agreed to reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum. An open issue is whether the timeline is extended to include the RX/TX switching time for HD-FDD.  is defined for UE to have enough time to avoid interruption of an ongoing preparation/transmission of a UL channel/signal.  is normally a large interval of tens of symbols, which is much larger than the RX/TX switching time. Therefore, the existing definition of minimum UE processing time using  is sufficient as the gNB would be expected to ensure sufficient switching time is available for the UE to receive/transmit (respectively) at the start of the RX/TX occasion. Here, it is also noted that a TDD UE needs a switching time to switch between RX and TX, however,  doesn’t explicitly consider RX/TX switching time. 

[bookmark: _Hlk83572195]Proposal 1: For Case 1, the timeline from NR TDD is not extended to include RX/TX switching time for HD-FDD. 


Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  

Case 3 can be further divided into 4 sub-cases. 
3a) dedicated configured DL reception vs. dedicated configured UL transmission
3b) cell-specifically configured DL reception vs. dedicated configured UL transmission
3c) dedicated configured DL reception vs. cell-specifically configured UL transmission
3d) cell-specifically configured DL reception vs. cell-specifically configured UL transmission

Based on the discussions in last meetings, case 3a) is agreed as error case. The cell-specifically configured DL reception in Case 3b) includes SSB and Type0/0A/1/2 CSS sets. It is common understanding that the overlap with SSB can be handled in Case 5. Therefore, it is helpful to clarify that the cell-specifically configured DL reception refers to Type0/0A/1/2 CSS sets. The cell-specifically configured UL transmission in Case 3c) includes valid RO and MsgA PUSCH. Both valid RO and MsgA PUSCH can be discussed under Case 8. Consequently, Case 3c) can be removed. Finally, Case 3d) can be handled in Case 8 too. To avoid duplicated or conflicted agreements that will be made under Case 5 and 8, we prefer to revise the agreement for Case 3 to reflect the above clarifications. 

Proposal 2: 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


Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission

In NR TDD, for the overlap between SSB and scheduled/configured UL channel/signal, the SSB is prioritized. All symbols of PUSCH, PUCCH, PRACH are dropped. Regarding SRS, only the overlapped SRS symbols are dropped. 

	For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.



In last RAN1 meeting, it was agreed that when a configured SSB overlaps with configured UL transmission, the SSB is prioritized. We prefer to adopt the unified operation for the case when a configured SSB overlaps with scheduled UL transmission. Since gNB has the full control on the timing of dynamically scheduled UL channel/signal, gNB is capable to avoid the overlap between SSB and scheduled UL transmission. Similarly, it could be up to gNB implementation to avoid the overlap between SSB and Msg3 (re)transmission and PUCCH for Msg4 too. 

Proposal 3: For Case 5, if a SSB overlaps with a dynamically scheduled UL, the existing NR TDD behaviour is reused, i.e., SSB is prioritized and the UL channel/signal is not transmitted. 

Case 8: Dynamic or semi-static DL vs. valid RO

In NR TDD, for the overlap between valid RO and scheduled/configured DL channel/signal, the valid RO is prioritized. All symbols of PDCCH, PDSCH, or CSI-RS are dropped.

	For a set of symbols of a slot corresponding to a valid PRACH occasion and [image: ] 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. 



A DL reception that may overlap with valid RO can be categorized in to 4 types,
· Dynamically scheduled DL reception
· Dedicated configured DL reception
· Type0/0A/1/2 CSS sets
· SSB
In last RAN1 meeting, it was agreed that when a valid RO overlaps with all kinds of configured DL receptions including dedicated configured DL reception, Tyoe0/0A/1/2 CSS sets and SSB, leave it to UE implementation whether to receive the DL or transmit PRACH. On the other hand, since gNB has the full control on dynamically scheduled DL channel/signal, it is fine to keep the TDD behaviour handling overlap between dynamically scheduled DL and a valid RO, i.e., valid RO is prioritized.  

Proposal 4: For Case 8, if a valid RO overlaps with a dynamically scheduled DL, the existing NR TDD behaviour is reused, i.e., the valid RO is prioritized. 

There is a proposal to consider the Ngap symbols as defined in NR TDD in the overlap checking between a valid RO and a DL reception. One main view is to align with existing TDD rule on the collision handling involving valid RO. Another view is to use Ngap symbols before valid RO to account for the Rx-to-Tx switching time at UE. However, the above motivations are not justified. 

	FL8 High Priority Proposal 3.5-1:
· For Case 8, the set of symbols overlapping with semi-static or dynamic DL reception include Ngap symbols before the valid RO, and the same values in Table 8.1-2 in TS 38.213 for TDD is reused for HD-FDD operatioin
· FFS: whether or not there is a case when the Ngap symbosl cannot absorb the swtiching time required for Type-A HD-FDD operation in FDD bands and if so whether or not to account for the Rx-to-Tx switching time



The functionality of the Ngap symbols should be clarified before concluding the reuse of the existing NR TDD rule. According to Table 8.1-2 in TS 38.213, the existing Ngap equals to 0 for SCS 1.25 or 5kHz, and 2 for 15, 30, 60 or 120kHz. With Ngap equals to 0, there is a clear problem for UE operation (TDD, HD-FDD too) if the last symbol of DL reception and the first symbol of UL transmission are next to each other. Therefore, Ngap symbols is only beneficial for TDD gNB. With Ngap of zero, the CP of PRACH preamble of SCS 1.25 or 5kHz is rather long and can be used as Tx-Rx switching time at TDD gNB. Note: the PRACH detection window in a slot at gNB is not starting from the beginning of the slot. However, the Tx-Rx or Rx-Tx switching time is not needed for a FDD gNB at all. Therefore, it is meaningless to reuse the existing Ngap symbols in HD-FDD operation.  On the other hand, if the intention is to provide Rx-Tx/Tx-Rx switching time, it is preferred to define a unified handling for all cases, which could be handled in the discussion of Case 9. 

Proposal 5: It is not clear about the benefit of applying Ngap symbols from NR TDD to HD-FDD operation. A unified solution handling the gap for Tx-Rx or Rx-Tx switching time is preferred. 

One FFS point identified in last meeting is regarding the overlap between MsgA PUSCH and a DL reception. In the 2-step RACH procedure in NR, if a MsgA PUSCH cannot be transmitted, the RACH procedure falls back to 4-step RACH procedure. The same principle can apply to HD-FDD operation. When a MsgA PUSCH is overlapped with a configured DL reception, it is possible to drop the MsgA PUSCH transmission and fallback to 4-step RACH. In case that MsgA PUSCH is overlapped with dynamically scheduled PUSCH, MsgA PUSCH is cancelled if the cancellation timeline for the MsgA PUSCH is met, which belongs to Case 1 for overlap handling. 

Proposal 6: If UE needs to transmit a MsgA PUSCH,
· If a MsgA PUSCH is overlapped with a dynamically scheduled DL receptions, the MsgA PUSCH is cancelled if the cancellation time for MsgA PUSCH is met (overlap handling Case 1)
· If a MsgA PUSCH is overlapped with a configured DL reception, the MsgA PUSCH is cancelled 


Case 9: Collision due to direction switching

There are 2 sub-cases for collision due to direction switching. 
1) If a DL reception and a UL transmission do not overlap, however, there is no sufficient gap between the DL reception and the UL transmission, a HD-FDD UE cannot complete both the DL reception and the UL transmission. 
2) On the other hand, if a DL reception and a UL transmission overlaps which covered in Case 1/2/3/4/5/8, it may be still problematic if only the overlapped symbols of the deprioritized channel/signal is dropped. That is, after dropping overlapped symbols, the gap between a DL reception and a UL transmission may be smaller than the DL-UL or UL-DL switching time. 
It is noted that similar issues may exist in NR TDD too. Therefore, it is necessary to clarify how is it handled in NR TDD. Multiple solutions were discussed in the last meetings. 

	Companies, please share your views including update/correction of positions with respect to the following four alternatives – From FL summary of RAN1#106-e
· For collision with the switching time after applying collision handling rules, if exist, which of the following is the assumed defined UE behaviour:
· Alt. 1: Treat it as an error case 
· Alt. 2: Leave it to UE implementation to ensure the switching time is satisfied 
· Alt. 3: Consider it as an UL/DL collision and apply the associated collision handling rules defined in Case 1, 2, 3, 4, 5 and 8
· Al. 4: An earlier DL reception or UL transmission is prioritized by puncturing or skipping first few symbols of the later UL transmission or DL reception



Alt 1 is to consider it as error case for the above two sub-cases. For sub-case 1), gNB should guarantee there is sufficient gap between the DL reception and UL transmission. For sub-case 2), gNBs should guarantee an enough switching gap after applying the dropping rules of Case 1/2/3/4/5/8. It is questionable if such a rule is always possible since the gap between DL reception and UL transmission is impacted by multiple factors including UE’s TA advance which may not be know to gNB without confusion. Alt 3 is mainly describing the operation for sub-case 2). That is, the same prioritization as overlap handling case 1/2/3/4/5/8 are further used to generate a sufficient gap for Tx-Rx/Rx-Tx switching time. The same behaviour may apply to sub-case 1) too. Since UE anyway support the priority rule of Case 1/2/3/4/5/8, the additional complexity will be marginal to extend them to generate switching time. Alt 2 is questionable since it cannot ensure an aligned understanding between gNB and UE. Alt 4 is quite tricky since it may result in a first channel is prioritize in overlap handling then the first channel is deprioritized in switching time generation. 

Essentially, we prefer to clearly clarify the gNB/UE behaviour for the above two sub-cases. Since Alt 1 may not be workable and Alt 2/4 has clear drawback. We slightly prefer to apply Alt 3 to the two sub-cases. 

Proposal 7: For Case 9, 
· it is necessary to clarify how is it handled in NR TDD
· Adopt Alt 3 for the two sub-cases, i.e., reusing overlap handling rules defined in Case 1, 2, 3, 4, 5 and 8 to generate switching time.
HD-FDD without configured UL/DL slot pattern
A FDD UE can optionally support SFI operation in NR Rel-15. The SFI for the DL carrier (DL SFI) and SFI for the UL carrier (UL SFI) are separately indicated for a FDD cell. The SFI for the DL carrier only indicates ‘D’ or ‘F’ for a slot. On the other hand, the SFI for the UL carrier only indicates ‘F’ or ‘U’ for a slot. The dynamic SFI provides a means to cancel the configured DL reception or UL transmission in a slot. 

If a HD-FDD UE doesn’t support SFI, it may cause limitation for the gNB to schedule a FD-FDD UE. For example, if the HD-FDD UE and FD-FDD UE share the same CSI-RS resource, gNB may want to cancel the CSI-RS in a slot (can be done by proper SFI) and schedule UL transmission in the symbols for FD-FDD UE. However, due the absence of SFI, HD-FDD UE may still do measurement on the symbols, which results in wrong CSI and/or RSRP measurement. Therefore, it is preferred that dynamic SFI can be optionally supported by HD-FDD RedCap UEs. Such feature may be beneficial for use in various industrial IoT applications relying on dynamic TDD operations. 

If dynamic SFI are (optionally) supported by RedCap UEs, the DL SFI and UL SFI can be jointly interpreted to indicate DL reception, UL transmission or flexible for each symbol in a slot for a HD-FDD UE. For a symbol in a slot,
· If it is ‘D’ in the DL SFI and ‘F’ in the UL SFI, it is only for DL reception on the DL carrier
· If it is ‘F’ in the DL SFI and ‘U’ in the UL SFI, it is only for UL transmission on the UL carrier;
· If it is ‘F’ in both DL SFI and UL SFI, DL reception on the DL carrier or UL transmission on the UL carrier is determined by other information.
· It is not expected that it is ‘D’ in the DL SFI and ‘U’ in the UL SFI.    

By such joint interpretation, a symbol in a slot is determined as one type from ‘D’, ‘F’ or ‘U’, which achieves the functionality of the SFI indication in NR TDD. Consequently, a HD-FDD UE can work as if it is a TDD UE that is provided with dynamic SFI via DCI format 2_0 when semi-static TDD UL/DL configuration is not configured. 

If the DL SFI and UL SFI are separately processed as NR FDD, one open issue is the order to check SFI and to apply overlap handling of a DL reception and a UL transmission. It is preferred to apply SFI checking first, which may cancellation certain configured DL reception or UL transmission in the set of overlapped symbols. Therefore, it increases the possibility that UE can at least do a DL reception or a UL transmission. In one example, if a dedicated configured DL reception overlaps a dedicated configured UL transmission (Case 3), and if either the DL reception or the UL transmission can be cancelled by SFI, UE can handle the remaining UL transmission or DL reception. In another example, if a dynamically scheduled DL reception is overlapped with a configured UL transmission, the UL transmission may be cancelled by SFI checking, even in the case that the first symbol of the UL transmission occurs within  relative to a last symbol of the PDCCH that schedules the DL reception. Consequently, UE can receive the scheduled DL reception.

Proposal 8: When dynamic SFI is indicated, down-select between the following options
· Option 1: The slot pattern of ‘D’, ‘F’ or ‘U’ for a HD-FDD UE can be determined by the SFI of the FDD cell, 
· If it is ‘D’ in the DL SFI and ‘F’ in the UL SFI, it is only for DL reception on the DL carrier.
· If it is ‘F’ in the DL SFI and ‘U’ in the UL SFI, it is only for UL transmission on the UL carrier.
· If it is ‘F’ in both DL SFI and UL SFI, DL reception on the DL carrier or UL transmission on the UL carrier is determined by other information.
· It is not expected that it is ‘D’ in the DL SFI and ‘U’ in the UL SFI.    
· Option 2: the DL SFI and UL SFI are processed as NR FDD. A UE can do SFI checking first followed by overlap handling between a DL reception and a UL transmission. 
HD-FDD with configured UL/DL slot pattern 
In a conclusion in last meeting, there is no consensus of specification support of semi-static UL/DL pattern to HD-FDD RedCap UEs in Rel-17. That is, the Rel-15 signalling of tdd-UL-DL-ConfigurationCommon/tdd-UL-DL-ConfigurationDedicated for NR TDD doesn’t extend to HD-FDD operation. On the other hand, it is always beneficial to reduce the UE power consumption, especially for a RedCap UE. As a solution, it may be considered to configure a bitmap or pattern of “Reserved (R)” symbols in which the UE is not expected to monitor for PDCCH without committing to a TDD UL-DL pattern a priori. This could still enable power savings for HD-FDD UEs. 

Proposal 9: A HD-FDD UE can be configured with a pattern of “Reserved (R)” symbols, such that a UE is not expected to monitor for PDCCH in such symbols.
Conclusion
In this contribution, we provide our views on open issues for HD-FDD operation. we make the following proposals. 
Proposal 1: For Case 1, the timeline from NR TDD is not extended to include RX/TX switching time for HD-FDD. 

Proposal 2: 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 3: For Case 5, if a SSB overlaps with a dynamically scheduled UL, the existing NR TDD behaviour is reused, i.e., SSB is prioritized and the UL channel/signal is not transmitted. 

Proposal 4: For Case 8, if a valid RO overlaps with a dynamically scheduled DL, the existing NR TDD behaviour is reused, i.e., the valid RO is prioritized. 

Proposal 5: It is not clear about the benefit of applying Ngap symbols from NR TDD to HD-FDD operation. A unified solution handling the gap for Tx-Rx or Rx-Tx switching time is preferred. 

Proposal 6: If UE needs to transmit a MsgA PUSCH,
· If a MsgA PUSCH is overlapped with a dynamically scheduled DL receptions, the MsgA PUSCH is cancelled if the cancellation time for MsgA PUSCH is met (overlap handling Case 1)
· If a MsgA PUSCH is overlapped with a configured DL reception, the MsgA PUSCH is cancelled 

Proposal 7: For Case 9, 
· it is necessary to clarify how is it handled in NR TDD
· Adopt Alt 3 for the two sub-cases, i.e., reusing overlap handling rules defined in Case 1, 2, 3, 4, 5 and 8 to generate switching time.
Proposal 8: When dynamic SFI is indicated, down-select between the following options
· Option 1: The slot pattern of ‘D’, ‘F’ or ‘U’ for a HD-FDD UE can be determined by the SFI of the FDD cell, 
· If it is ‘D’ in the DL SFI and ‘F’ in the UL SFI, it is only for DL reception on the DL carrier.
· If it is ‘F’ in the DL SFI and ‘U’ in the UL SFI, it is only for UL transmission on the UL carrier.
· If it is ‘F’ in both DL SFI and UL SFI, DL reception on the DL carrier or UL transmission on the UL carrier is determined by other information.
· It is not expected that it is ‘D’ in the DL SFI and ‘U’ in the UL SFI.    
· Option 2: the DL SFI and UL SFI are processed as NR FDD. A UE can do SFI checking first followed by overlap handling between a DL reception and a UL transmission. 
Proposal 9: A HD-FDD UE can be configured with a pattern of “Reserved (R)” symbols, such that a UE is not expected to monitor for PDCCH in such symbols.
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ANNEX: Overlap handling between DL and UL channels/signals in NR TDD

Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission

	For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH 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 or PRACH in the set of symbols if the first symbol in the set occurs within  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], or the PRACH transmission 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 or PRACH 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. 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], or the PRACH transmission in remaining symbols from the set of symbols.  
-	The UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the subset of symbols. 
	 is the PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise .



Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission

	For operation on a single carrier in unpaired spectrum, if a 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, a PRACH, 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 a set of symbols of a slot that are indicated to a UE as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided, 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. 



Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission

	For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.



Case 8: Dynamic or semi-static DL vs. valid RO

	For a set of symbols of a slot corresponding to a valid PRACH occasion and [image: ] 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. 





Page 2 of 2

image1.wmf
gap

N


