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1 Introduction
The following objective is included in the study item description [1] of Release 17 Redcap WI:
	This WI has the following objectives: 

· 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#105-e meeting, the following agreements were made on Redcap UE half-duplex FDD operation [2]:

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
In this contribution, we provide our considerations on remaining issues of half-duplex FDD operation of Redcap UE. 
2 Remaining issues of collision handling 
2.1 Case 1:  Dynamically scheduled DL reception vs. semi-statically configured UL transmission 

There is still one remaining issue in case 1 on whether RX/Tx switching time should be included in the time line. According to the current agreement, the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum. First, if the UE does not indicate the capability of [partialCancellation], the UE will either performs UL transmission or DL reception and there is no Rx/TX switching to be included. If the UE indicates the capability of [partialCancellation], 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 [image: image2.png]roc.?



 relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the UL transmission in the remaining symbols of UL transmission. The UE may need to switch from UL transmission to DL reception, as shown in Figure 1.
In the left of figure 1, there is enough gap between the start of DL transmission and the symbol when UE starts to cancels the UL transmission. And thus no Rx/Tx switching time needs to be included in the timeline. In the right of the figure 1, there is no enough gap for UE to switch from UL transmission to DL reception. By UE implementation, the UE can start DL reception at a later time after UE starts to cancels the UL transmission. Otherwise it should be up to NW implementation to properly schedule to avoid the case to happen. Therefore, we do not see the need of FFS in case 1.

[image: image3]
Figure 1. UL/DL switching in case 1

Proposal 1: The FFS that whether the timeline is extended to include the RX/TX switching time for HD-FDD in Case 1 should be removed.
2.2 Case 3: semi-statically configured DL reception vs. semi-statically configured UL transmission
In RAN1#104-b meeting, the following agreements are 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

In RAN1#105-e meeting, it was discussed whether configured SSB is included in cell specific higher layer parameter configuring reception, and cell specific higher layer parameters configuring transmission refers to valid RO, in the above agreement. 

From our understanding, the UL/DL collision issue related to configure SSB has been categorized as issue 5. Therefore, it should be clarified that configured SSB are not considered in the existing agreement. The 1st FFS sub-bullet on cell-specifically configured DL vs. UL can be discussed in Case 8, and can be removed here. For the 3rd sub-bullet in the agreement, valid RO should be included in cell specific higher layer parameters configuring transmission. However, we are fine if there is consensus to move the issue of UL/DL collision for valid RO to case 8 to discuss.
Proposal 2: Discuss the 1st FFS sub-bullet of RAN1#104bis-e meeting agreement on case 3 in case 8.
2.3 Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission
In RAN1#104b-e meeting, the following working assumption is made for case 5:
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

From our understanding, a UE does not need to receive every SSB, and gNB in FDD system can anyway transmit SSB and receiving UE UL transmission simultaneously. Therefore, it can leave to UE implementation whether to receive the SSB or transmit the UL transmission. It would provide more flexibility compared to the existing NR TDD collision handling rule. On the other hand, reusing NR TDD Rel-15/16 existing collision handling principles can introduce minimum specification impact, which is also acceptable to us.
Proposal 3: For Case 5 of SSB overlaps with dynamically scheduled UL transmission and semi-static configured UL except valid RO, either re-use the existing collision handling principles of Rel-15/16 for NR TDD or leave it to UE implementation.
2.4 Case 8: Dynamic or semi-static DL vs. valid RO

In RAN1#105-e meeting, the definition of valid RO for HD-FDD UEs are discussed. Two options are proposed including reusing valid RO definition in FDD system and reusing valid RO definition in TDD system. From our understanding, as valid RO definition in TDD system will cause different association between SSB and valid RO between Redcap HD-FDD UEs and normal UEs, the valid RO definition in FDD system should be reused for HD-FDD. Less specification impact would be expected. 

Proposal 4: Reuse the valid RO definition of FDD system for HD-FDD Redcap

For case 8, depending on the different DL operations, the whole DL/UL collision issue can be split into the following four sub-topics:
1) Dynamically scheduled DL vs. Valid RO
2) UE-dedicated configured DL (e.g. PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS) vs. Valid RO

3) PDCCH in Type-0/0A/1/2 CSS set vs. Valid RO
4) Configured SSB vs. Valid RO

Detailed options for the first three subtopics has been listed in the agreements in RAN1#105-e. 

From our opinion, gNB cannot predict when UE will use the valid RO opportunity for UL transmission. On the other hand, gNB can anyway simultaneously transmit DL and do PRACH detection. Therefore, it is preferred to solve the UL/DL collision issue of valid RO by UE implementation. 

Proposal 5: Leave to UE implementation whether to receive the DL or transmit the PRACH on the valid RO
2.5 Case 9: Collision due to direction switching

In RAN1#104bis-e, the following working assumption was made:
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 

In RAN1#105-e, it has been discussed on whether it is an error case if the switching time is not enough after applying collision handling rule, and whether UE behaviour in such a case should be specified. From our understanding, if it is considered as an error case, gNB should guarantee that the switching time is always enough after collision handling, which may raise additional requirement to gNB scheduling in a FDD system. 
From technical point of view, the UE behaviour should still follow the collision handling principle when the switching time is not enough. For example, if UL transmission is prioritized over DL reception according to the collision handling principle, when switching time is not enough, the DL reception should be cancelled accordingly; and vice versa. 
Proposal 6: If there is no enough switching time after applying collision handling rule, 

- Option 1: Treat it as an error case

- Option 2: consider it as an UL/DL collision and apply the collision handling rule

3 Conclusion
In this contribution, we discuss half-duplex FDD operation of redcap UE.  Based on the discussion, our proposals are summarized as follows:
Proposal 1: The FFS that whether the timeline is extended to include the RX/TX switching time for HD-FDD in Case 1 should be removed.

Proposal 2: Discuss the 1st FFS sub-bullet of RAN1#104bis-e meeting agreement on case 3 in case 8.
Proposal 3: For Case 5 of SSB overlaps with dynamically scheduled UL transmission and semi-static configured UL except valid RO, either re-use the existing collision handling principles of Rel-15/16 for NR TDD or leave it to UE implementation.
Proposal 4: Reuse the valid RO definition of FDD system for HD-FDD Redcap

Proposal 5: Leave to UE implementation whether to receive the DL or transmit the PRACH on the valid RO
Proposal 6: If there is no enough switching time after applying collision handling rule, 

- Option 1: Treat it as an error case

- Option 2: consider it as an UL/DL collision and apply the collision handling rule
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