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1 Introduction
In the RAN1 #106 e-meeting, good progress was made and the following was agreed for HD-FDD operation for Redcap [1]:  
	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.

Agreement
· For Type-A HD-FDD UEs, all ROs applicable to RedCap UEs are valid, and for the case of SSB overlapping with valid RO from cell specific point of view, leave it to UE implementation whether to receive SSB or transmit PRACH
· No support of differentiating of ROs for Type-A HD-FDD Redcap UEs and FD FDD RedCap UEs 

Agreement
· For Case 8 of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set, leave it to UE implementation whether to receive configured PDCCH or transmit PRACH
· Note: For valid RO intended for PRACH triggered by PDCCH order, it has been covered in Case 2.

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
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




The following was agreed for HD-FDD Operation in RAN1 106 bis e-meeting: 
	Agreement
For Case 1, the existing timeline in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum is reused for HD-FDD
Agreement
· 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.

Conclusion:
· No consensus on defining a guard time in symbol units for HD-FDD Type A operation in Rel-17

Agreement
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
· FFS: whether or not there are conditions that need to be considered
 
Agreement
· For Type-A HD-FDD, no additional UE behaviour for UL/DL collision handling based on a priority indicator is specified as compared to the existing specification

Agreement
· For Case 8 of valid RO overlapping with dynamically scheduled DL reception, leave it to UE implementation whether to receive the dynamically scheduled DL or transmit PRACH

Agreement
· The same validation rules of MsgA PUSCH occasions and RO/Preamble-to-PRU mapping rules for FDD can be reused for HD-FD

Agreement 
· 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
· NRX-TX Tc and NTX-RX Tc are the same as the transition time for FR1 in Table 4.3.2-3, TS 38.211 for a UE not capable of full-duplex communication
· (Working Assumption) The “back-to-back” non-overlapping UL/DL without sufficient gap between RRC configured UL and DL may happen, i.e., are allowed for HD-FDD UEs.
· RRC configured DL/UL includes at least cell specific higher layer parameters configured DL/UL
· Discuss further whether to specify a clear UE behavior, or leave it to UE implementation to ensure that the switching time is satisfied
· Note: This does not mean a HD-FDD UE is required to support the back-to-back UL/DL switching without sufficient gap


 

In this contribution, we discuss the remaining issues of half-duplex operation focusing on how to handle collision between DL/UL for HD-FDD capable UE according to the RAN1 106bis e-meeting agreements.  

  
2. Discussions
In RAN1 104 e-meeting, seven collision cases were identified as listed in Table 1. 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 an unpaired spectrum. 

Table 1 summarized the latest status of collision handling rule defined for HD-FDD UE according to the agreement made in RAN1 106bis e-meeting and the leftover open issues: 

Table 1: Overview of Collision Handling Rules for identified Use Cases and Remaining Issues  
	#
	Description 
	Agreement 
	FFS aspects

	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
	None

	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
	None 

	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. 

Collision handling related to SSB or RO are to be treated in case 5 and case 8.

	None 

	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)
	Prioritize SSB for overlapping with CG UL transmission.
	FFS on Dynamically scheduled UL Transmission

	Case 8
	Dynamic or semi-static DL vs. valid RO
	Left for UE implementation for RO colliding with SSB/CSS/SPS DL reception and Dynamic DL.
	None

	Case 9
	Collision due to direction switching
	Reuse the same principle as Rel-15/16 UE not capable of full-duplex communication
	· FFS: Whether to specify a clear UE behavior, or leave it to UE implementation to ensure that the switching time is satisfied





2.1 Case 5: SSB vs. Configured and Dynamically scheduled Uplink transmission
RAN1#106 e-meeting reached the following agreement for Case 5 [1]:
	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.

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




The following is the collision handling defined in Rel-15/16 for TDD operation for Case 5, which essentially prioritizes the SSB transmission over any overlapped UL transmissions including both dynamically scheduled UL transmission and 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.
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Figure 1: Collision handling between SSB and dynamically scheduled UL Transmissions
We prefer Opt.2 above i.e., reusing the existing rule for HD-FDD Redcap UEs to handle the SSB collisions with other channels for Case 5 (i.e., prioritize SSB over dynamically scheduled UL transmission). In our view, the Opt.1 has clear drawback, which mandates HD-FDD UE to first check the presence of any overlapped DG-PUSCH and then accordingly select SSB for RRM measurement or RLM. However, the SSB/SMTC(s) selection for RRM measurement, at least for the serving cell, is fully left for UE implementation as long as the RRM/RLM requirements defined in [3] are met. For example, it is allowed to conduct the SSB-based RRM/RLM by the hardware without any interruption/interaction with L1 control block such that the complexity and power consumption can be reduced at UE side. However, Opt.1 prohibits reusing the existing hardware-centric RRM/RLM implementation for HD-FDD UE. One concern raised on Opt.2 is impact on scheduling flexibility for HD-FDD UE.  However, it should be kept in mind that HD-FDD device never targets for high peak data rate and low latency from the beginning. In our view, it remains unclear what exactly Opt.1 is trying to optimize for HD-FDD device and why it is important. On the quite contrary, the Opt.1 adds complexity at the HD-FDD Redcap without proper justification. Nevertheless, if the scheduling flexibility is indeed seen as a problem of Opt.2, one possible option to make progress is to support both options with separate UE capabilities, which at least provides the flexibility for HD-FDD implementation to choose between the complexity reduction (Opt.2) or potential throughput/latency benefit (Opt.1) 

Proposal 1: For Case 5 of dynamically scheduled UL transmission vs. SSB, support either Opt.2 (i.e., prioritize SSB over DG UL transmission) or support both options with separate UE capabilities.  

One concern raised on prioritization SSB over DG-PUSCH is Msg3 and PUCCH with HARQ-ACK transmission for Msg4 if HD-FDD Redcap UE or even Redcap is not identified by network for UE that initiates RACH access procedure. As one consequent, prioritizing SSB may impose restriction on when Msg3 and PUCCH for Msg4 can be scheduler for all types of UEs. To address this concern, prioritizing the Msg3 and PUCCH for Msg4 can be considered since UE typically would not perform SSB-based measurement during initial access phase. 
Proposal 2: For Case 5, prioritizing Msg3 and PUCCH for Msg4 for HD-FDD during RACH Procedure can be considered.  

2.2 Case 9: Collision due to direction switching
RAN1#106bis-e reached the following working assumptions [2]
	Agreement 
· 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
· NRX-TX Tc and NTX-RX Tc are the same as the transition time for FR1 in Table 4.3.2-3, TS 38.211 for a UE not capable of full-duplex communication
· (Working Assumption) The “back-to-back” non-overlapping UL/DL without sufficient gap between RRC configured UL and DL may happen, i.e., are allowed for HD-FDD UEs.
· RRC configured DL/UL includes at least cell specific higher layer parameters configured DL/UL
· Discuss further whether to specify a clear UE behavior, or leave it to UE implementation to ensure that the switching time is satisfied
Note: This does not mean a HD-FDD UE is required to support the back-to-back UL/DL switching without sufficient gap



Two possible back-to-back UL/DL cases exist: 
· Case 1: A UL transmission follows a DL reception, without a gap or with a gap that is shorter than the DL-to-UL switching time 
· Case 2: A DL reception that follows an UL transmission, without a gap or with a gap that is shorter than the UL-to-DL switching time
Table 2: Collision Handling for HD-FDD UEs
	Cases
	Channel#1
	Channel #2
	Comments

	1
	Dynamically scheduled DL reception
	Semi-statically configured UL transmission
	Ensuring switching gap by properly selecting dynamically scheduled DL or UL resource 

	2
	Dynamically scheduled UL transmission
	Semi-statically configured DL reception
	

	3
	Semi-statically configured DL reception
	Semi-statically configured UL transmission
	Managed by RRC signalling setting. 
Note allowed for gap smaller than switching time. 

	4
	Dynamically scheduled DL reception
	Dynamically scheduled UL transmission
	Ensuring switching gap by properly selecting dynamically scheduled DL and UL resource

	5-1
	SSB
	CG uplink transmission
	Can be allowed for gap smaller than switching time. 

Prioritize SSB 

	5-2
	SSB
	Dynamically scheduled UL transmission
	Ensuring switching gap by properly selecting dynamically scheduled UL resource

	8-1
	SSB
	Valid RO
	Can be allowed for gap smaller than switching time.

Redcap UE is not expected to handle both channels, instead of selecting one of them by UE implementation.  

	8-2
	Type 0/0A/1/2 CSS set
	
	

	8-3
	UE-dedicated configured DL reception (e.g., PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS)
	
	

	8-4
	Dynamically scheduled DL reception
	
	Ensuring switching gap by properly selecting dynamic scheduled DL resource

	Note
	Channel #1 is prioritized unless the collision is error case (e.g., Case 3 and Case 4) 



As summarized in Table 2, it is observed that the switching gap NTX-RX and NRX-TX can be managed by network through proper gNB scheduler implementation for cases involving dynamic scheduling (Case 1/2/4/5-2/8-4 in Table 2) based on the reported UE capability. In addition, the smaller gap due to direction switching for Case 3 should be avoided by properly selecting the configurations 
One FFS aspect debated in RAN1 106-e meeting is whether to allow smaller gap for the following two non-overlapping cases: 
· Cell-specific configured UL and RRC configured DL (i.e., Case 8-3 in Table 2)
· Cell-specific configured DL and RRC configured UL (i.e., Case 5-1 in Table 2)
In our view, the “back-to-back” non-overlapping UL/DL without sufficient gap can be supported for the Case 8-3 and Case 5-1 in Table 2, which provides same flexibility for gNB without coupling between cell-specific channels e.g., SSB and UE-dedicated configuration e.g., CG-PUSCH and therefore the existing scheduler algorithm can be used for non-Redcap, FD-FDD Redcap and HD-FDD Redcap UEs at least for CG-PUSCH and DL SPS. One relevant question is whether to define UE behaviours for them or left for UE implementation. Our preference is to reuse the prioritization rules defined for overlapping cases. For example, for Case 8-1/8-2/8-3, it is left UE implementation for both overlapping and “back-to-back” non-overlapping without sufficient gap. While, for Case 5-1, SSB is prioritized over CG-PUSCH, same as overlapping case. This unified solution is preferred to simplify UE implementation.     
Proposal 3: Not support the “back-to-back” non-overlapping UL/DL without sufficient gap for the Case 1/2/4/5-2/8-4 in Table 2. 

Proposal 4: Only support the “back-to-back” non-overlapping UL/DL without sufficient gap for the following:  
· Cell specific higher layer parameters configured DL/UL (Confirm the working assumption)
· Cell-specific configured UL and RRC configured DL (i.e., Case 8-3 in Table 2)
· Cell-specific configured DL and RRC configured UL (i.e., Case 5-1 in Table 2)
Proposal 5: For the “back-to-back” non-overlapping UL/DL without sufficient gap, reuse the collision handling rule defined for the corresponding overlapping UL/DL case. 


3. Conclusion 
In this contribution, we have presented our views on the support of HD-FDD operation for Redcap UEs. Based on the discussions, we proposed the following: 
Proposal 1: For Case 5 of dynamically scheduled UL transmission vs. SSB, support either Opt.2 (i.e., prioritize SSB over DG UL transmission) or support both options with separate UE capabilities.  
Proposal 2: For Case 5, prioritizing Msg3 and PUCCH for Msg4 for HD-FDD during RACH Procedure can be considered.  
Proposal 3: Not support the “back-to-back” non-overlapping UL/DL without sufficient gap for the Case 1/2/4/5-2/8-4 in Table 2. 

Proposal 4: Only support the “back-to-back” non-overlapping UL/DL without sufficient gap for the following:  
· Cell specific higher layer parameters configured DL/UL (Confirm the working assumption)
· Cell-specific configured UL and RRC configured DL (i.e., Case 8-3 in Table 2)
· Cell-specific configured DL and RRC configured UL (i.e., Case 5-1 in Table 2)
Proposal 5: For the “back-to-back” non-overlapping UL/DL without sufficient gap, reuse the collision handling rule defined for the corresponding overlapping UL/DL case. 
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