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Introduction
The RedCap WI was approved in RAN#91-e [1] and one of main objectives in the work item is to specify duplex operations for RedCap UE as follows: 
· [bookmark: _Hlk26193173]Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
[bookmark: _GoBack]
In this contribution, we discuss duplex operations for RedCap UEs.

Discussion 
Depending on the agreements in last RAN1#104b-e, remaining aspects are discussed per each case.
Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
	For Case 1, the following agreement was made:

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

The remaining aspect is whether the timeline (i.e., PUSCH preparation time in TS38.213) is extended to include the RX/TX switching time for HD-FDD.
The PUSCH preparation time itself is specified in section 6.4 of TS38.214 [4]. The PUSCH preparation time is a time to prepare PUSCH transmission after a DCI scheduling the PUSCH is received and basically, it does not consider the RX/TX switching time for RF switching between UL transmission and DL reception. 
On the other hand, based on the following specification in section 11.1 of TS38.213 [2], when the semi-statically configured UL is collided with the dynamically scheduled DL in TDD, whether the semi-statically configured UL is cancelled or not can be determined by considering the PUSCH preparation time.
	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 
-	the UE does not expect to cancel the transmission in symbols from the set of symbols that occur, relative to a last symbol of a CORESET where the UE detects the DCI format, after a number of symbols that is smaller than 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 
-	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 and cancels the SRS transmission in remaining symbols from the subset of symbols 



In other words, if the PUSCH preparation time is not satisfied (i.e., within the PUSCH preparation time), the semi-statically configured UL is not cancelled and then it can be transmitted. It is unclear whether the RX/TX switching can be accommodated in the PUSCH preparation time. However, taking into account the RX/TX switching for the unpaired spectrum in the above specification is already needed, the following interpretation can be further discussed. 
- Interpretation: The RX/TX switching is already considered by UE implementation (e.g., within PUSCH preparation time or before DL reception). 
Based on the discussion on the interpretation, whether or not there is a need for the RX/TX switching can be further discussed, also taking into account RAN4 feedback about the RX/TX switching time. 

Proposal 1: Further discuss whether or not the RX/TX switching time is considered in Case 1. 

Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
For Case 2, the following agreement was made:
Agreements:
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

The remaining aspect is about a PDCCH carrying UL CI vs. the dynamically scheduled UL. Even if the PDCCH carrying UL CI is supported for HD-FDD RedCap UE, we don't think there is a special need for the PDCCH carrying UL CI other than the semi-statically configured DL in Case 2. 

Proposal 2: For Case 2, the semi-statically configured DL includes a PDCCH carrying UL CI.

Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
For Case 3, the following agreement was made:
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

One remaining aspect is how to handle cell-specifically configured DL reception vs. cell-specifically configured UL transmission. In our view, the cell-specific DL can include SS/PBCH reception and SIB reception while the cell-specific UL can include PRACH transmission in valid RO. Taking into account Case 5 where SS/PBCH and configured UL are collided, similar approach as Case 5 can apply for this case. As one alternative for Case 5, UE implementation can handle the case. In order words, it may be up to UE implementation whether the cell-specifically configured DL is received or the cell-specifically configured UL is transmitted.

Proposal 3: It may be up to UE implementation whether the cell-specifically configured DL is received or the cell-specifically configured UL is transmitted.

Another remaining aspect is whether or not there are conditions that need to be considered. 
One condition can be further considered is SFI configuration. If a set of symbol(s) is configured for both UL transmission (e.g. CG PUSCH, SRS) and DL reception (e.g., PDCCH, SPS, CSI-RS), SFI can be used to cancel one of the directions. For example, SFI can indicate the set of symbol(s) as uplink symbols and cancel all DL receptions. 

Proposal 4: For Case 3, SFI can be used to cancel one of the directions whether the semi-statically configured DL is received or the semi-statically configured UL is transmitted. 

	Moreover, currently supported periodicity of configured grant can be as small as 2 symbols in TS38.331 [5]. 
	ConfiguredGrantConfig ::=           SEQUENCE {
…
    periodicity                         ENUMERATED {
                                                sym2, sym7, sym1x14, sym2x14, sym4x14, sym5x14, sym8x14, sym10x14, sym16x14, sym20x14,
                                                sym32x14, sym40x14, sym64x14, sym80x14, sym128x14, sym160x14, sym256x14, sym320x14, sym512x14,
                                                sym640x14, sym1024x14, sym1280x14, sym2560x14, sym5120x14,
                                                sym6, sym1x12, sym2x12, sym4x12, sym5x12, sym8x12, sym10x12, sym16x12, sym20x12, sym32x12,
                                                sym40x12, sym64x12, sym80x12, sym128x12, sym160x12, sym256x12, sym320x12, sym512x12, sym640x12,
                                                sym1280x12, sym2560x12
    },
…
}



If such small periodicity of CG is supported, different from TDD which has semi-static slot configuration, there is no way for a gNB to configure a search space for PDCCH without a collision with CG. There may be also other semi-static configuration in the system. For some configurations, the gNB cannot avoid the collision of semi-static UL and semi-static DL. Rel-17 can introduce a priority indication for CG, which can be used to determine the priority of semi-static UL and DL. Therefore, we propose to consider the priority indication to solve the conflict between semi-static UL and DL. 

Proposal 5: When a priority is configured with semi-static UL and DL, HD-FDD RedCap UE can solve the conflict between semi-static UL and DL based on the associated priority indication. Details are FFS.  


Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission  
For Case 5, the following working assumption was made:
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

For the down-selection in Case 5, our preference is to support either Option 2 or Option 3. For example, Option 3 for dynamically scheduled UL and Option 2 for semi-static configured UL. In our view, it may be enough to follow the existing rule for the semi-static configured UL. On the other hand, for the dynamically scheduled UL, the RedCap UE in connecting mode not requiring to read the SS/PBCH repeatedly can transmit the dynamic UL instead of receiving the SS/PBCH. Since it is FDD, a gNB can receive the UL for the symbols/slots at UL frequency without any issues. As discussed in Case 3, SFI configuration can be further considered for this case. If SFI is configured and detected, the RedCap UE can follow the SFI indication to determine the direction of symbols. 
Proposal 6: For Case 5, either Option 2 or Option 3 is supported.

One remaining aspect is whether/how to account for TX/RX switching time before and after the set of SSB symbols. In case the UL is PUCCH/PUSCH/PRACH, the PUCCH/PUSCH/PRACH is not transmitted by Option 2. Or either SSB is received or PUCCH/PUSCH/PRACH is transmitted by Option 3. Since either the UL transmission or the DL reception is performed regardless of Option 2 or Option 3, there is no need to consider the TX/RX switching time. On the other hand, in case of SRS not overlapped with SSB, SRS can be transmitted before and/or after the set of SSB symbols is received. Then, the TX/RX switching time can be considered for the SRS transmission.

Proposal 7: For Case 5, the TX/RX switching time is considered for SRS overlapped with SSB.


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

For Case 8, the following FL proposal was discussed:

High Priority Proposal 3-6:
· If a dynamically scheduled DL reception overlaps with a valid RO, down-select one of the following options:
· Option 1: Follow the handling of case 1 to cancel PRACH based on a timeline
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD considering the outcome of email thread [104b-e-NR-7.1CRs-03] 
· Option 3: Consider it as an error case (e.g. up to UE implementation)
· If a semi-static configured DL reception overlaps with a valid RO, down-select one of the following options
· Option 1: Controlled by gNB
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD considering the outcome of email thread [104b-e-NR-7.1CRs-03]
· Option 3: Consider it as an error case (e.g. up to UE implementation)
· FFS: whether/how to account for Tx/Rx switching time before and after the valid RO
· FFS: whether the same definition of valid RO is applied to HD-FDD RedCap Ues

One remaining issue is whether the same definition of valid RO is applied to HD-FDD RedCap UEs. Our view is to keep the same validity rule of PRACH occasion that all PRACH occasions are valid in the FDD in order to minimize specification efforts as much as possible. 

In addition, for Option 3 among the listed options, our view is that UE implementation is different from the error case. Therefore, Option 3 should be revised like:
· Option 3: Consider it as an error case (e.g. up to UE implementation)
· Option 4: Consider it as an error case 

Another remaining issue is whether/how to account for TX/RX switching time before and after the valid RO. In the specification for the valid RO, the Ngap symbols are specified for unpaired spectrum in order to reduce or avoid that DL transmissions from the nearby gNBs interfere with the local cell UL signals reception. If Ngap symbols are specified in paired spectrum for HD-FDD RedCap UEs, it can be utilized as the RX/TX switching, possibly based on RAN4 feedback about switching times. Otherwise, the RX/TX switching time can be additionally considered.
Proposal 8: Keep the Rel-16 validation rule of ROs for the RedCap UE.
Proposal 9: If Ngap symbols are specified in paired spectrum for HD-FDD RedCap UEs, it can be utilized as the RX/TX switching time. Otherwise, the RX/TX switching time can be additionally considered.
Conclusions 
This contribution discusses duplex operations for a RedCap UE supporting half-duplex operation in FDD and then proposes the following depending on the discussion:
Proposal 1: Further discuss whether or not the RX/TX switching time is considered in Case 1. 
Proposal 2: For Case 2, the semi-statically configured DL includes a PDCCH carrying UL CI.
Proposal 3: It may be up to UE implementation whether the cell-specifically configured DL is received or the cell-specifically configured UL is transmitted.
Proposal 4: For Case 3, SFI can be used to cancel one of the directions whether the semi-statically configured DL is received or the semi-statically configured UL is transmitted. 
Proposal 5: When a priority is configured with semi-static UL and DL, HD-FDD RedCap UE can solve the conflict between semi-static UL and UL based on the associated priority indication. Details are FFS.  
Proposal 6: For Case 5, either Option 2 or Option 3 is supported.
Proposal 7: For Case 5, the TX/RX switching time is considered for SRS overlapped with SSB.
Proposal 8: Keep the Rel-16 validation rule of ROs for the RedCap UE.
Proposal 9: If Ngap symbols are specified in paired spectrum for HD-FDD RedCap UEs, it can be utilized as the RX/TX switching time. Otherwise, the RX/TX switching time can be additionally considered.
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