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Introduction
Different from HD-FDD operation of  LTE, Type-A HD-FDD of NR aims for more flexible switching positions and shorter switching gap [1-2]. RAN1 has discussed the collision handling rules when UE’s DL reception overlaps with UL transmission. The following agreements and conclusions have been made for Type-A HD-FDD before RAN1#106bis:
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:
· 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

Agreements:
· 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 

Agreements:
· 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.

Agreements:
· 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 

Agreements:
· 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.

Agreements:
· 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.

Agreements:
· 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

Agreements:
· 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

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

In this contribution, we shared our views on the guard symbol configuration for RX-to-TX switching and the collision handling procedures for Type-A HD-FDD operation of R17 RedCap UE.
RX/TX Switching Time
[bookmark: p1_5]According to Table 4.3.2-3 in TS 38.211 specification, the transition time between UE TX and UE RX amounts to 13 usec in FR1. This is based on the minimum ON-OFF transition time of 10 usec in sub-clause 6.3.3.2 of  TS 38.101-1 (shown in Figure 1). In [2], RAN4 confirmed the transition time specified in Table 4.3.2-3 of TS 28.211 can be re-used for R17 RedCap UE not capable of full duplex operation on paired spectrum. 
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Figure 1: ON/OFF transition time mask for NR R15/16 UE assuming other RF blocks remain ON

[bookmark: _Hlk71465374][bookmark: _Hlk79154256]Observation 1:  For a NR R17 RedCap UE with dual PLLs  but not capable of full duplex operation, the minimum TX/RX switching time in Table 4.3.2-3 of TS 38.211 specification can be re-used for Type-A HD-FDD operation.
Guard Symbol Configuration 
In NR R15/16 TDD operation, the effects of TA and RX-to-TX switching can be accounted for by the flexible symbol(s) inserted between DL and UL. As shown in Table 1, at least one flexible symbol () is inserted before the UL symbols when UE needs to switch from DL to UL. For TX-to-RX switching, guard symbol is not needed because the fixed TA offset of 13 usec is always maintained between UL and DL in NR FR1.
[bookmark: _Hlk71477626]Despite the differences in slot format determination in TDD and Type-A HD-FDD, a RedCap UE is subject to the same scheduling constraints in switching between RX and TX directions. Similar to NR TDD, at least one guard symbol ( ≥1) is needed in Type-A HD-FDD to accommodate RF retuning from DL to UL and timing advance on UL. Due to the TA offset between UL and DL carriers of NR FDD bands, it is not necessary to configure additional guard symbols when UE switches from UL to DL. The guard symbol configuration for Type-A HD-FDD is shown in Figure 2. 
Observation 2:  Similar to NR R15/16 TDD operation, at least one guard symbol needs to be configured for RX-to-TX switching in Type-A HD-FDD operation of NR, to account for the effects of:
· RF retuning from DL to UL 
· timing advance (TA) on UL
Observation 3:  Similar to NR R15/16 TDD operation,  the 13 usec TA offset between UL carrier and DL carrier is sufficient for TX-to-RX switching of UE in Type-A HD-FDD operation of NR.
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[bookmark: OB_Section3]Figure 2: Guard Symbols for RX-to-TX Switching Gap of Type-A HD-FDD

Since a RedCap UE incapable of full duplex operation is not expected to transmit and receive simultaneously in HD-FDD operation, a loss in DL and UL peak data rate w.r.t. FD-FDD is expected for HD-FDD as shown by Table 1(a), assuming 1T1R antenna configuration and 20 MHz BW for RedCap UE. The impacts of  on  peak data rates are shown in Table 1(c). Compared with TDD slot format DDSU with one flexible symbol (), there is no loss in DL and UL peak data rates for Type-A HD-FDD when  and SCS is 15 kHz. When , the loss in DL peak data rates is around 3% for 30 kHz SCS. Since no guard symbol is configured for TX-to-RX switching, there is no loss in UL peak data rates for Type-A HD-FDD when compared with its TDD counterpart shown in Table 1(b).

Table 1: Peak Data Rates in Different Duplex Modes
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Proposal 1:  Support the following rules for guard symbol configuration of R17 RedCap UE in Type-A HD-FDD operation of NR:
· No guard symbol is configured for TX-to-RX switching of UE.
· The switching time specified in Table 4.3.2-3 of TS 38.211 is accounted for by the timing advance of UE.
· At least one guard symbol is configured for RX-to-TX switching of UE.
· The time duration of the guard symbol corresponds to the minimum SCS configuration () of the DL BWP and the UL BWP.
· Down-select from the following options to determine the minimum number of guard symbols () for RX-to-TX switching:

· Option 1:  =1  for 

· Option 2:  

Proposal 2:  In Type-A HD-FDD operation of NR, the switching position determination is not expected to override:
· the minimum number of guard symbol(s) between DL and UL
· the collision handling rules specified for Type-A HD-FDD operation of R17 RedCap UE

Proposal 3:  When guard symbol(s) is configured for RX-to-TX switching of a RedCap UE operating in Type-A HD-FDD, DL reception or UL transmission is not expected by the UE within the duration of guard symbol(s).
Proposal 4:  In Type-A HD-FDD, the RedCap UE is not expected to transmit in the uplink earlier than  symbols after the end of the last DL symbol reception , wherein  is defined in Proposal 1.
Collision Handling Rules
[bookmark: PROP_Section422]When RedCap and non-RedCap UEs co-exist on NR FDD carriers, new collision handling rules need to be specified for UEs incapable of full duplex operation (FD-incapable). To handle collisions between DL, UL and guard symbol, companies have agreed to use the NR R15/16 TDD rules as a starting point.
For a non-RedCap UE operating in TDD, the following rules have been specified for directional collision handling when SSB overlaps with UL transmissions or flexible symbols:
1. 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.
2. If a UE 
-	is configured with multiple serving cells and is provided with directionalCollisionHandling-r16 = 'enabled' for a set of serving cell(s) among the multiple serving cells, and
-	indicates support of half-DuplexTDD-CA-SameSCS-r16 capability, and 
-	is not configured to monitor PDCCH for detection of DCI format 2_0 on any of the multiple serving cells,
for a set of symbols of a slot that are indicated to the UE for reception of SS/PBCH blocks in a first cell of the multiple serving cells by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon, when provided to the UE, the UE does not transmit PUSCH, PUCCH, or 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 in 
-	any of the multiple serving cells if the UE is not capable of simultaneous transmission and reception as indicated by simultaneousRxTxInterBandCA among the multiple serving cells, and
-	any one of the cells corresponding to the same band as the first cell, irrespective of any capability indicated by simultaneousRxTxInterBandCA.
3. For a set of symbols of a slot corresponding to SS/PBCH blocks with candidate SS/PBCH block indices corresponding to the SS/PBCH block indexes indicated to a UE by ssb-PositionsInBurst in SIB1, or by ssb-PositionsInBurst in ServingCellConfigCommon, as described in clause 4.1, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as uplink.
In line with the rules specified for non-RedCap UE, we have the following proposals for Type-A HD-FDD:

Proposal 5:  In Type-A HD-FDD operation, when the SSB overlaps with dynamically scheduled UL transmissions, SSB reception is prioritized over dynamically scheduled UL transmissions .
To handle the directional collision between valid RO and UE-dedicated configured DL reception in Type-A HD-FDD, it was agreed to leave to UE implementation. Similar rule can be applied to handle the directional collision between valid RO and dynamically scheduled DL reception, since valid RO is a necessary but insufficient condition for PRACH transmission. Moreover, Option 3 and Option 4 captured by the RAN1#106 agreement are not efficient solutions for both UE and NW. This is because when a dynamically scheduled PDSCH and its scheduling PDCCH overlap with the valid RO, which can span one or multiple consecutive slots, the previous agreement allows UE to monitor PDCCH when PRACH transmission is not triggered. However, if UE decodes PDCCH but is not allowed to receive the dynamically scheduled PDSCH, it leads to a waste of resource. On the other hand, if the PRACH transmission is triggered on the valid RO, UE can prioritize RO over dynamically scheduled DL. Therefore, leaving such collisions to UE implementation is a better tradeoff between flexibility and efficiency.
Proposal 6:  In Type-A HD-FDD operation, when valid RO overlaps with dynamically scheduled DL reception, leave it to UE implementation to handle the potential collision. 
Conclusions
In this contribution, we have shared our views on Type-A HD-FDD operation for R17 RedCap UE. To summarize, we have the following observations and proposals:
Observation 1:  For a NR R17 RedCap UE with dual PLLs  but not capable of full duplex operation, the minimum TX/RX switching time in Table 4.3.2-3 of TS 38.211 specification can be re-used for Type-A HD-FDD operation.
Observation 2:  Similar to NR R15/16 TDD operation, at least one guard symbol needs to be configured for RX-to-TX switching in Type-A HD-FDD operation of NR, to account for the effects of:
· RF retuning from DL to UL 
· timing advance (TA) on UL
Observation 3:  Similar to NR R15/16 TDD operation,  the 13 usec TA offset between UL carrier and DL carrier is sufficient for TX-to-RX switching of UE in Type-A HD-FDD operation of NR.
Proposal 1:  Support the following rules for guard symbol configuration of R17 RedCap UE in Type-A HD-FDD operation of NR:
· No guard symbol is configured for TX-to-RX switching of UE.
· The switching time specified in Table 4.3.2-3 of TS 38.211 is accounted for by the timing advance of UE.
· At least one guard symbol is configured for RX-to-TX switching of UE.
· The time duration of the guard symbol corresponds to the minimum SCS configuration () of the DL BWP and the UL BWP.
· Down-select from the following options to determine the minimum number of guard symbols () for RX-to-TX switching:

· Option 1:  =1  for 

· Option 2:  

Proposal 2:  In Type-A HD-FDD operation of NR, the switching position determination is not expected to override:
· the minimum number of guard symbol(s) between DL and UL
· the collision handling rules specified for Type-A HD-FDD operation of R17 RedCap UE
Proposal 3:  When guard symbol(s) is configured for RX-to-TX switching of a RedCap UE operating in Type-A HD-FDD, DL reception or UL transmission is not expected by the UE within the duration of guard symbol(s).
Proposal 4:  In Type-A HD-FDD, the RedCap UE is not expected to transmit in the uplink earlier than  symbols after the end of the last DL symbol reception , wherein  is defined in Proposal 1.
Proposal 5:  In Type-A HD-FDD operation, when the SSB overlaps with dynamically scheduled UL transmissions, SSB reception is prioritized over dynamically scheduled UL transmissions .
Proposal 6:  In Type-A HD-FDD operation, when valid RO overlaps with dynamically scheduled DL reception, leave it to UE implementation to handle the potential collision. 
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