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1 Introduction
According to the approved WID [1], one objective related to duplex operation for Redcap devices is as follows: 
	· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)



In RAN1 104 e-meeting, discussions about HD-FDD mainly focused on how to handle the collision between DL/UL and the following agreements were reached [2]: 
	Agreements:
· [bookmark: _Hlk66893973]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.
· [bookmark: _Hlk66881223]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

Draft LS in R1-2102094 is approved. Final LS to be uploaded/updated depending on whether or not there are additional agreements for RedCap related to RAN4. Final LS in R1-2102146

Agreements:
· For HD-FDD operation for RedCap UEs, collisions may be addressed or alleviated with proper scheduling. The following cases of potential collisions can be further studied to see if any change to the current specs is necessary:
· Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
· e.g., dynamic PDSCH or CSI-RS collides with configured SRS, PUCCH, or CG PUSCH
· Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
· e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
· Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission
· e.g., PUSCH, PUCCH, PRACH, SRS
· Case 8: Dynamic or semi-static DL vs. valid RO
· Case 9: Collision due to direction switching



In RAN1 #104bis e-meeting, extensive discussions for each individual case were carried out and the following was agreed for HD-FDD operation [3]:  
	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 behaviour 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 discuss the remaining issues of duplex operation focusing on how to handle various collision between DL/UL for HD-FDD capable UE according to the RAN1 104bis agreements.  
2. Collision Handling Between DL and UL 
In RAN1 104 e-meeting, seven collision cases were identified. Furthermore, a general principle of collision handling for HD-FDD Redcap devices was agreed to reuse existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum. 
Table 1 summarized the latest status of collision handling rule defined for HD-FDD UE and the leftover open issues: 
Table 1: Overview of Collision Handling Rules for identified Use Cases and Remaining Issues  
	#
	Description 
	Agreement 
	FFS

	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)
	Reuse Rel-15/16 single TDD CC collision handling rule
	FFS whether the timeline is extended to include the RX/TX switching time for HD-FDD

	Case 2
	Semi-statically configured DL reception vs. dynamically scheduled UL transmission (e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH)
	Reuse Rel-15/16 single TDD CC collision handling rule
	FFS on PDCCH carrying ULCI, including whether it is supported by RedCap UEs (including potential difference between HD vs. FD RedCap UEs)

	Case 3
	Semi-statically configured DL reception vs. semi-statically configured UL transmission
	Reuse Rel-15/16 single TDD CC collision handling rule in general. 
	FFS on cell-specifically configured DL reception vs. cell-specifically configured UL transmission
FFS: whether there are conditions that need to be considered

	Case 4
	Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
	Reuse Rel-15/16 single TDD CC collision handling rule
	None

	Case 5
	Configured SSB vs. dynamically scheduled or configured UL transmission (e.g., PUSCH, PUCCH, PRACH, SRS)
	Opt.1: prioritize the UL transmission 
Opt.2: reuse Rel-15
Opt.3: leave for UE implementation
	FFS when a dynamically scheduled UL transmission overlaps with an SSB

FFS when If a semi-static configured UL transmission overlaps with an SSB,

	Case 8
	Dynamic or semi-static DL vs. valid RO
	
	Whether or not the semi-static configured UL transmission includes a valid RO

	Case 9
	Collision due to direction switching
	
	FFS: whether/how to account for Tx/Rx switching time before and after the set of SSB symbols




Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
[image: Graphical user interface, application

Description automatically generated]
Figure 1: DL/UL Collision handling for Case 1 
For operation on a single carrier /single cell in unpaired spectrum, two DL/UL collision handling rules were defined for Case 1 in Rel-15/16 NR based on the UE capability of ‘partialCancellation’, as illustrated in FIG.1 above and briefly summarized in Table 2. As depicted in FIG.1, UE capable of ‘partialCancellation’ is required to partially cancel the overlapped CG-PUSCH symbols after . Compared to non-Redcap UEs, a UL/DL switching gap needs to be additionally considered for HD-FDD Redcap UEs to determine the starting symbol of DL reception from ‘t1’, instead of ‘t0’ in FIG.1. 
Table 2: 
	Index
	Description 
	UE capable of ‘partialCancellation’?
	Comments for Redcap

	
	
	Yes
	No
	

	Case 1-1

	The first symbol of overlapped PUCCH/PUSCH/PRACH occurs within  relative to the last symbol of the CORESET where the UE detects the DCI format
	Cancel UL symbols overlapped with Dynamic ‘D’ after 
	Keep the UL transmission. 
	As depicted in FIG.1, a HD-FDD Redcap UE is NOT required to handle DL reception in the  switching time if it indicates support of ‘partialCancellation’

	Case 1-2 
	Otherwise
	Cancels the UL transmission
	Can be reused. 



Observation 1: For HD-FDD Redcap capable of ‘partialCancellation’, the UL/DL switching time  needs to be considered to determine the starting symbol of DL reception. 
In RAN1 104 bis e-meeting, the following working assumption was agreed: 
	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



We proposed to confirm this working assumption, which also addresses the concern raised in observation 1 since a HD-FDD UE is not expected to receive in DL earlier than  in any cases, including Case 1. 

Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
For Case 2, it was agreed to reuse Rel-15/16 single TDD CC collision handling rule to prioritize the dynamic scheduled UL transmission [3] i.e., to cancel all the DL symbols in a slot if any of the DL symbols in a semi-statically configured DL channel/signal in the slot overlaps with a dynamically scheduled PUSCH, PUCCH, PRACH, or SRS. The remaining aspect is how to handle PDCCH carrying UL CI (i.e., DCI 2_4) including whether it can be supported by Redcap UEs and potential difference between HD-FDD vs. FD-FDD Redcap UEs. One example was provided in FIG.2, where DCI 2_5 MO is overlapped with a DG-PUSCH. 
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Figure 2: Collision between Semi-static ‘D’ vs. Dynamic ‘UL’
One solution proposed in RAN1 104bis is to prioritize the DCI 2_5 MOs in case of collision such that gNB can transmit DCI 2_4 to prioritize a URLLC UL transmission. It should be noted that whether or not schedule an overlapping DG-PUSCH transmission with a DCI 2_5 MO is fully controlled by gNB. If the DCI 2_5 is indeed important, gNB can always prioritize it by avoid scheduling overlapped DG-PUSCH. To the contrary, it is our view that always prioritizing DCI 2_5 monitoring imposes restriction at gNB scheduler for DG-PUSCH resource allocation. We therefore propose the following:   
 Proposal 1: No special handling for PDCCH carrying DCI 2_4 for Case 2. 

Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission
In the RAN1 104bis e-meeting, 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, 4 cases were discussed according to the different combinations of cell-specific higher layer parameter and dedicated parameter. Table 3 captures the collision handling rules agreed for Case 3 according to agreements made in RAN1 104-bis meeting. 
 Table 3: Collision Handling between Semi-static ‘D’ vs. Semi-Static ‘U’
	#
	Cell specific higher layer parameter as ‘D’
	Cell specific higher layer parameter as ‘U’
	Dedicated higher layer parameter as ‘D’
	Dedicated higher layer parameter as ‘U’
	Allowed?

	3-1
	√
	√
	
	
	FFS

	3-2
	√
	
	
	√
	No

	3-3
	
	√
	√
	
	No

	3-4
	
	
	√
	√
	No



For Case 3-1 in Table 3, one concern of disallowing the overlapping cell-specific semi-static ‘D’ (e.g., SSB, CORESET 0, Paging Occasion, SI occasion) and cell-specific ‘U’ (e.g., RACH occasions) for FDD system is that it causes increased latency for initial access procedure for FD-FDD UEs that are co-existed with HD-FDD UE. This problem can be solved by allowing overlapped DL/UL configuration in Case 3-1. On the other hand, note that DL reception e.g., SSB/CORESET0/SIB etc and UL transmissions (PRACH transmissions) are sequentially operated for a given UE, regardless of FD-FDD or HD-FDD UEs. A simple but effective solution is to leave it to the UE implementation to select one of DL/UL resources based on the use cases, instead of defining collision handling rule for each channel combination. 
Proposal 2: 
· Support configuration with overlapping between semi-static ‘D’ configured by cell-specific higher layer parameter and semi-static ‘U’ configured by cell-specific higher layer parameter. 
· Collision handling for Case 3-1 is left for UE implementation except SSB case that was handled in Case 5.  
 
Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission
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Figure 3: Collision handling between SSB and other DG or CG UL Transmissions
The following is the collision handling defined in Rel-15/16 for TDD operation for Case 5: 
	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.



We prefer to reuse the existing rule for HD-FDD Redcap UEs to handle the SSB collisions with other channels in Case 5. On the other hand, how frequent and candidate SSB selection for measurement are purely up to UE implementation (e.g., based on UE geometry and channel condition). It is also acceptable for us to leave for UE implementation to decide the prioritized channel e.g., SSB vs. UL transmission (i.e., Opt.3)  
One FFS aspect for Case 5 is whether/how to account for Tx/Rx switching time before and after the set of SSB symbols. One example was illustrated in FIG.4 where two cases were considered. In our view, the back-to-back direction switching scenario with smaller gap than  or  should be considered as a common issue for both non-overlapped cases (e.g., DG-PUSCH in Case 5-2 vs. SSB) and overlapped cases (e.g., Case 1-1 in FIG.1). The work assumption made in RAN1 104 bis e-meeting is sufficient to handle it (i.e., treating as error case and handled by gNB scheduler to avoid it for non-overlapped cases, i.e., Case 5-1 is allowed, and Case 5-2 is invalid. For overlapped case such as Case 1-1 in FIG.1, this should be considered when determining the first symbol for reception/transmission after switching.  
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Figure 4: Switching between non-overlapped DG-PUSCH transmission and SSB reception 

Proposal 3: 
· For Case 5, reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum to prioritize the SSB reception (Opt.2) or leave it to UE implementation (Opt.3)


Proposal 4: Confirm the following working assumptions for all DL/UL switching cases i.e., Case 9 (noted there may or may not have collision between DL/UL)
· 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

Note that, it is our understanding that Proposal 4 has no specification impact as it has been supported in TS 38.211 as copied below: 
	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.



Case 8: Dynamic or semi-static DL vs. valid RO
In our view, UE would not receive dynamic or semi-static DL in Rel-15/16 based on the current specification, if it is overlapped with RO configured by RRC signalling plus . In addition, UE may partially or fully cancel the PRACH transmission if the   timeline is met. We think this rule can be simply extended by adding and into the  calculation. 
Proposal 5:
· Reusing the Rel-15/16 collision rule for Case 8. 
· Extending the value of  by adding or  in section 8.1 of TS 38.213. 


3. HD-FDD Capability Report and Enabling
In accordance with the approved WID, both FD-FDD and HD-FDD are also supported from system operational perspective. It remains open regarding how to report the HD-FDD support for Redcap devices. For initial access procedure, including SSB detection, SIB acquisition and RACH operations, there is no parallel transmission being involved. Support of HD-FDD operation can be reported through the UE capability framework as in LTE on a per band-basis. 
Proposal 6: HD-FDD support is reported through UE capability framework for Redcap devices.

Compared to HD-FDD, FD-FDD operation reduces the latency and improves the throughput performance at the cost of increased power consumption. For applications that is less delay-sensitive, it is beneficial for FD-FDD capable UE to fallback to HD-FDD operation such that power consumption can be minimized by avoiding unnecessary simultaneous DL/UL reception/transmission. 
Proposal 7: Support a signalling mechanism to enable HD-FDD operation for a FD-FDD capable Redcap device. 



4. Conclusion 
In this contribution, we have presented our views on open issues related to HD-FDD operation and capability report. Based on the discussions above, we observed the following:  
Observation 1: For HD-FDD Redcap capable of ‘partialCancellation’, the UL/DL switching time  needs to be considered to determine the starting symbol of DL reception. 

In addition, the following was proposed to address the FFS aspects of different cases: 
Proposal 1: No special handling for PDCCH carrying DCI 2_4 for Case 2. 
Proposal 2: 
· Support configuration with overlapping between semi-static ‘D’ configured by cell-specific higher layer parameter and semi-static ‘U’ configured by cell-specific higher layer parameter. 
· Collision handling for Case 3-1 is left for UE implementation except SSB case that was handled in Case 5.  
Proposal 3: 
· For Case 5, reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum to prioritize the SSB reception (Opt.2) or leave it to UE implementation (Opt.3)
Proposal 4: Confirm the following working assumptions for all DL/UL switching cases i.e., Case 9 (noted there may or may not have collision between DL/UL)
· 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
Proposal 5:
· Reusing the Rel-15/16 collision rule for Case 8. 
· Extending the value of  by adding or  in section 8.1 of TS 38.213. 
Proposal 6: HD-FDD support is reported through UE capability framework for Redcap devices.
Proposal 7: Support a signalling mechanism to enable HD-FDD operation for a FD-FDD capable Redcap device. 
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