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Introduction
To meet the generic and use specific requirements of mid-range use cases, potential UE complexity reduction techniques were identified and analyzed for wearables, industry wireless sensors and surveillance cameras [1]. The RAN1 study for R17 RedCap devices was completed in Q4 2020, and a revised WID [2] was approved in RAN-91e meeting. A main objective of the WI is to specify support for the following UE complexity reduction features in RAN1 and RAN4:
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
Based on the discussion in R17 RedCap SI [1], the average cost reduction achievable by Type-A HD-FDD is ~7%, and the gain of cost saving scales up with multi-band support.  In addition, the noise figure and insertion loss of the switch are less than that of duplexer, and the transceiver chain can be put in a low-power state when the communication is going on in the opposite direction.
In this contribution, we discussed the TX/RX switching time, slot format configuration, and DL/UL direction collision handling procedures of Type-A HD-FDD.
TX/RX Switching Time of Type-A HD-FDD
[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), with underlying assumptions that various RF blocks in the transceiver can remain ON [3]. 

[image: ]
Figure 1: ON/OFF transition time mask for NR R15/16 UE assuming other RF blocks remain ON

[bookmark: _Hlk71465374]Observation 1:  For a non-RedCap UE not capable of full-duplex operation, the minimum TX/RX switching time in Table 4.3.2-3 of TS 38.211 specification is based on the underlying assumption that various RF blocks in the transceiver can remain ON.
Observation 2:  In NR TDD, the minimum RF retuning gap of 13 usec is assumed for TX/RX switching of a non-RedCap UE with two PLLs that can be turned ON/OFF in parallel. Compared with the requirements for low latency and high throughput, the potential power saving gain in RX/TX switching was considered as secondary for a non-RedCap UE operating in NR TDD bands.  
Observation 3:  For a RedCap UE, saving UE’s power involves at least reducing the current consumption and shutting down components not in use. This affects a clear definition of the OFF state in TX/RX switching.
Observation 4:  To save RedCap UE’s power in Type-A HD-FDD operation, the TX PLL can be shut down when UE is not transmitting. 
Observation 5:  Compared with non-RedCap UE operating in NR TDD bands, the latency and throughput requirements of RedCap UE are more relaxed, but the potential power saving gain becomes more crucial. To facilitate deployment in larger cell size and enhance power saving gains in TX/RX switching, guard symbols can be configured for RedCap UE operating in Type-A HD-FDD.

[image: ]
Figure 2: Impacts of TX/RX PLL Locking Time on the Last Symbol of Cross Link
[bookmark: OB_Section2]
In Type-A HD-FDD operation, UE requires two PLLs for TX and RX, respectively [1]. It is observed that when UE’s TX PLL is locked in the last DL symbol, the spur and phase error caused by the TX PLL will degrade the quality of DL signals significantly. When PDSCH is transmitted on the last DL symbol, the degradation incurred by TX PLL will cause 0.5~ 1 dB loss in SNR, which will lead to decoding failure of PDSCH when code rate is higher than 0.8. On the other hand, the impacts of RX PLL on the last UL symbol are negligible, if a fixed TA offset of 13 usec is maintained between UL and DL. To summarize, we have the following observations and proposals on the TX/RX switching time of Type-A HD-FDD operation:
Observation 6:  For RX to TX switching in Type-A HD-FDD operation, locking the TX PLL in the last RX symbol (after applying TA) causes spur and phase errors. To avoid  PDSCH decoding issues, a switching gap longer than 13 usec is needed to mitigate the RX signal quality degradation. 
Observation 7:  For TX to RX switching in Type-A HD-FDD operation, the 13 usec TA offset between UL and DL is sufficient to mitigate the impairments of locking the RX PLL on the last TX symbol.
Proposal 1:  In Type-A HD-FDD operation:
· a minimum switching gap of 13 usec should be maintained for TX-to-RX switching
· a minimum switching gap longer than 13 usec should be maintained for RX-to-TX switching
· FFS power saving gain achievable by longer switching gap

Guard Symbol Configuration for Type-A HD-FDD
Table 1: NR TDD Slot Format Specified in TS 38.213
[image: ]

In NR TDD,  ≥1 flexible symbols are always inserted between DL and UL to accommodate TA and RX-to-TX switching time, as shown in Table 1.  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 TDD bands.
[bookmark: _Hlk71477626]Similar to NR TDD,  ≥1 guard symbols are needed between DL and UL in Type-A HD-FDD to accommodate RX-to-TX switching, wherein the time duration of guard symbols is lower bounded by 1 or 2 symbols to mitigate the signal quality degradation caused by direction switching. Due to the TA offset between UL and DL carriers of NR FDD bands, it is not necessary to configure additional guard symbols for TX-to-RX switching in Type-A HD-FDD operation. The guard symbol configuration for Type-A HD-FDD is shown in Figure 3. 
[image: ]
[bookmark: OB_Section3]Figure 3: Guard Symbols for RX-to-TX Switching Gap of Type-A HD-FDD
Since UE is not expected to transmit and receive simultaneously on DL and UL in HD-FDD, a loss in DL and UL peak data rate w.r.t. FD-FDD is expected for HD-FDD as shown by Table 2 (a), assuming 1T1R antenna configuration and 20 MHz BW for RedCap UE. The impacts of  on  peak data rates are shown in Table 2-(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 2-(b).
Table 2: Peak Data Rates in Different Duplex Modes
[image: ]
[bookmark: _Hlk68263488]Observation 8:  In Type-A HD-FDD, guard symbols can be configured to accommodate TA and RF retuning gap, and the number of guard symbols configured depends on the minimum SCS of the active DL BWP or active UL BWP. For SCS of 15 kHz, at least 1 guard symbol is needed. For SCS of 30 kHz, at least 2 guard symbols are needed. 
[bookmark: _Hlk71645658]Observation 9:  For Type-A HD-FDD, power saving enhancement can be achieved if the slot format or TX/RX switching time can be semi-statically configured by SI/RRC. Compared to the alternative of DCI-based TX/RX switching, the prior info of DL/UL split can be leveraged by UE to program the on/off schedule of PLL(s) and enhance the power saving gain.
Observation 10:  For Type-A HD-FDD, direction collision handling procedures can be simplified for RedCap UE with semi-statically configured slot formats.
[bookmark: PROP_Section2][bookmark: PROP_Section3]Proposal 2:  For RedCap UE operating in Type-A HD-FDD,  guard symbols are needed for RX-to-TX switching to maintain a minimum switching gap. Specifically,
·  for SCS of 15 kHz
·  for SCS of 30 kHz
wherein the SCS is the minimum SCS for the active DL BWP and the active UL BWP.  

Collision Handling Procedures in Type-A HD-FDD
1.1 Slot Format Configuration for Type-A HD-FDD
To minimize the specification impact and reduce the signalling overhead of slot format configuration, NW can re-use the parameters provided in tdd-UL-DL-ConfigurationCommon (Clause 11.1 of TS 38.213) to configure the semi-static slot formats or TX/RX switching timeline of Type-A HD-FDD. One or multiple patterns for TX/RX switching can be configured in UL-DL-ConfigurationCommon IE of Type-A HD-FDD, and a new IE hd-fdd-UL-DL-ConfigurationCommon can be broadcast in SI for RedCap UE.  Specifically, the guard symbol(s) required by RX-to-TX switching can be contained within the flexible symbol(s) of a TDD slot format. 
For each configured pattern of hd-fdd-UL-DL-ConfigurationCommon, the contents are similar to those in tdd-UL-DL-ConfigurationCommon, which include the following parameters defined in Clause 11.1 of TS 38.213:
-	a reference SCS configuration [image: ] by referenceSubcarrierSpacing
-	a slot configuration period of [image: ] msec by dl-UL-TransmissionPeriodicity
-	a number of slots [image: ] with only downlink symbols by nrofDownlinkSlots
-	a number of downlink symbols [image: ] by nrofDownlinkSymbols
-	a number of slots [image: ] with only uplink symbols by nrofUplinkSlots
-	a number of uplink symbols [image: ] by nrofUplinkSymbols
Similar to NR TDD, a RedCap UE operating in Type-A HD-FDD expects that the reference SCS configuration [image: ] is smaller than or equal to a SCS configuration [image: ] for any configured DL BWP or UL BWP. Each slot provided by a valid slot pattern is applicable to [image: ] consecutive slots in the active DL BWP or the active UL BWP, where the first slot starts at a same time as a first slot for the reference SCS configuration [image: ]; and each downlink or flexible or uplink symbol for the reference SCS configuration [image: ] corresponds to [image: ] consecutive downlink or flexible or uplink symbols for the SCS configuration [image: ].
Furthermore, NW can additionally provide a HD-FDD UE with dedicated configuration for the flexible symbols per slot over the number of slots as provided by hd-fdd-UL-DL-ConfigurationCommon. Similar to tdd-UL-DL-ConfigurationDedicated, hd-fdd-UL-DL-ConfigurationDedicated includes the following parameters defined in Clause 11.1 of TS 38.213:
-	a set of slot configurations by slotSpecificConfigurationsToAddModList
-	for each slot configuration from the set of slot configurations
-	a slot index for a slot provided by slotIndex
-	a set of symbols for a slot by symbols where 
-	if symbols = allDownlink, all symbols in the slot are downlink
-	if symbols = allUplink, all symbols in the slot are uplink
-	if symbols = explicit, nrofDownlinkSymbols provides a number of downlink first symbols in the slot and nrofUplinkSymbols provides a number of uplink last symbols in the slot. If nrofDownlinkSymbols is not provided, there are no downlink first symbols in the slot and if nrofUplinkSymbols is not provided, there are no uplink last symbols in the slot. The remaining symbols in the slot are flexible
For each HD-FDD slot having a corresponding index provided by slotIndex, the RedCap UE applies a format provided by a corresponding symbols. The RedCap UE does not expect hd-fdd-UL-DL-ConfigurationDedicated to indicate as uplink or as downlink a symbol that hd-fdd-UL-DL-ConfigurationCommon indicates as a downlink or as an uplink symbol, respectively.
For each slot configuration provided by hd-fdd-UL-DL-ConfigurationDedicated, a reference SCS configuration is the reference SCS configuration [image: ] provided by hd-fdd-UL-DL-ConfigurationCommon.
A slot configuration period and a number of downlink symbols, uplink symbols, and flexible symbols in each slot of the HD-FDD slot configuration period are determined from hd-fdd-UL-DL-ConfigurationCommon and hd-fdd-UL-DL-ConfigurationDedicated and are common to each configured BWP. 
[bookmark: PROP_Section4][bookmark: _Hlk71482671]Proposal 3:  Support semi-static slot formats configuration for Type-A HD-FDD, wherein the slot format includes DL slots/symbols, UL slots/symbols, and  flexible symbols. The guard symbols required by RX-to-TX switching can be mapped to  consecutive flexible symbols, where .
Proposal 4: Multiple slot formats with complementary DL and UL configurations can be specified for RedCap UEs supporting Type-A HD-FDD and sharing the same cell.
Proposal 5:  To reduce the signaling overhead of Type-A HD-FDD operation, new IE hd-fdd-UL-DL-ConfigurationCommon can be multicast/broadcast to RedCap UE in SI or MAC CE.
[bookmark: _Hlk68616133]Proposal 6:  A RedCap UE operating in Type-A HD-FDD is not expected to transmit or receive during the RX-to-TX switching gap of  symbols.
Proposal 7:  The minimum number of guard symbols required by RX-to-TX switching can be reported as a UE capability for RedCap devices supporting Type-A HD-FDD.
1.2 Collision Handling in Type-A HD-FDD Operation
4.2.1 Collision Handling for UE Configured with Semi-static Slot Format
Once configured with hd-fdd-UL-DL-ConfigurationCommon, or hd-fdd-UL-DL-ConfigurationDedicated, a RedCap UE operating in Type-A HD-FDD can re-use the collision handling procedures of NR TDD on a single carrier, which are specified in Clause 11.1 of TS 38.213.
A RedCap UE considers symbols in a slot indicated as downlink by hd-fdd-UL-DL-ConfigurationCommon, or hd-fdd-UL-DL-ConfigurationDedicated to be available for receptions and considers symbols in a slot indicated as uplink by hd-fdd-UL-DL-ConfigurationCommon, or by hd-fdd-UL-DL-ConfigurationDedicated to be available for transmissions. 
If a RedCap UE is not configured to monitor PDCCH for DCI format 2_0, for a set of symbols of a slot that are indicated as flexible by hd-fdd-UL-DL-ConfigurationCommon and hd-fdd-UL-DL-ConfigurationDedicated if provided, or when hd-fdd-UL-DL-ConfigurationCommon and hd-fdd-UL-DL-ConfigurationDedicated are not provided to the UE
-	the UE receives PDSCH or CSI-RS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format
-	the UE transmits PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format, a RAR UL grant, fallbackRAR UL grant, or successRAR 
If a RedCap UE is configured by higher layers to receive a PDCCH, or a PDSCH, or a CSI-RS, or a DL PRS in a set of symbols of a slot, the UE receives the PDCCH, the PDSCH, the CSI-RS, or the DL PRS if the UE does not detect a DCI format that indicates to the UE to transmit a PUSCH, a PUCCH, a PRACH, or a SRS in at least one symbol of the set of symbols of the slot; otherwise, the UE does not receive the PDCCH, or the PDSCH, or the CSI-RS, or the DL PRS in the set of symbols of the slot. 
If a Redcap 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 FFS the following procedures for RedCap UE:
-	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 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 
-	FFS if the UE can cancel the PUCCH, or the PUSCH, or an actual repetition of the PUSCH determined from Clauses 9 and 9.2.5 or Clause 6.1 of  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 
For a set of symbols of a slot that are indicated to a RedCap UE as uplink by hd-fdd-UL-DL-ConfigurationCommon, or hd-fdd-UL-DL-ConfigurationDedicated, the UE does not receive PDCCH, PDSCH, or CSI-RS when the PDCCH, PDSCH, or CSI-RS overlaps, even partially, with the set of symbols of the slot.
For a set of symbols of a slot that are indicated to a RedCap UE as uplink by hd-fdd-UL-DL-ConfigurationCommon, or hd-fdd-UL-DL-ConfigurationDedicated, the UE does not receive DL PRS in the set of symbols of the slot, if the UE is not provided with a measurement gap.
For a set of symbols of a slot that are indicated to a RedCap UE as downlink by hd-fdd-UL-DL-ConfigurationCommon, or hd-fdd-UL-DL-ConfigurationDedicated, the UE does not transmit PUSCH, PUCCH, PRACH, or SRS when the PUSCH, PUCCH, PRACH, or SRS overlaps, even partially, with the set of symbols of the slot.
For a set of symbols of a slot that are indicated to a RedCap UE as flexible by hd-fdd-UL-DL-ConfigurationCommon, and hd-fdd-UL-DL-ConfigurationDedicated if provided, the 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 by the UE in the set of symbols of the slot. 
For a set of symbols of a slot indicated to a RedCap 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 RedCap UE does not expect the set of symbols of the slot to be indicated as uplink by hd-fdd-UL-DL-ConfigurationCommon, or hd-fdd-UL-DL-ConfigurationDedicated, when provided to the UE.
· For a set of symbols of a slot corresponding to a valid PRACH occasion and [image: ] symbols before the valid PRACH occasion, as described in Clause 8.1 of TS 38.213, the RedCap UE does not receive PDCCH, PDSCH, or CSI-RS in the slot if a reception would overlap with any symbol from the set of symbols. The UE does not expect the set of symbols of the slot to be indicated as downlink by hd-fdd-UL-DL-ConfigurationCommon or hd-fdd-UL-DL-ConfigurationDedicated. 
For a set of symbols of a slot indicated to a RedCap UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the UE does not expect the set of symbols to be indicated as uplink by hd-fdd-UL-DL-ConfigurationCommon, or hd-fdd-UL-DL-ConfigurationDedicated.
If a RedCap UE is scheduled by a DCI format to receive PDSCH over multiple slots, and if hd-fdd-UL-DL-ConfigurationCommon, or hd-fdd-UL-DL-ConfigurationDedicated, indicate that, for a slot from the multiple slots, at least one symbol from a set of symbols where the UE is scheduled PDSCH reception in the slot is an uplink symbol, the UE does not receive the PDSCH in the slot. 
If a RedCap UE is scheduled by a DCI format to transmit PUSCH over multiple slots, and if hd-fdd-UL-DL-ConfigurationCommon, or hd-fdd-UL-DL-ConfigurationDedicated, indicates that, for a slot from the multiple slots, at least one symbol from a set of symbols where the UE is scheduled PUSCH transmission in the slot is a downlink symbol, the UE does not transmit the PUSCH in the slot.
[bookmark: OB_Section421][bookmark: PROP_Section421]Proposal 8: In Type-A HD-FDD operation, for a RedCap UE configured with hd-fdd-UL-DL-ConfigurationCommon or hd-fdd-UL-DL-ConfigurationDedicated, it can re-use the collision handling procedures of a non-RedCap UE configured with tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated in single carrier operation of NR TDD (specified by Clause 11.1 of TS 38.213), subject to the constraints of reduced UE capabilities specified  in NR R17.

4.2.2  Collision Handling for UE Not Configured with Semi-static Slot Format
When hd-fdd-UL-DL-ConfigurationCommon, and hd-fdd-UL-DL-ConfigurationDedicated are not provided to the RedCap UE in Type-A HD-FDD operation, and if the RedCap UE does not detect a DCI format 2-0 providing a slot format for the slot, the RedCap UE can re-use the collision handling procedures specified by Clause 11.1 of TS 38.213 in Type-A HD-FDD operation:
-	the UE receives PDSCH or CSI-RS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format
-	the UE transmits PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format, a RAR UL grant, fallbackRAR UL grant, or successRAR
-	the UE receives PDCCH as described in Clause 10.1 of TS 38.213
-	if the UE is configured by higher layers to receive PDSCH in the set of symbols of the slot, the UE does not receive the PDSCH in the set of symbols of the slot
-	if the UE is configured by higher layers to receive CSI-RS in the set of symbols of the slot, the UE does not receive the CSI-RS in the set of symbols of the slot
-	if the UE is configured by higher layers to receive DL PRS in the set of symbols of the slot, the UE receives the DL PRS
-	if the UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in the set of symbols of the slot and the UE is not provided enableConfiguredUL, FFS the following procedures for RedCap UE:
-	does not transmit the PUCCH, or the PUSCH, or the PRACH in the slot and does not transmit the SRS in symbols from the set of symbols in the slot, if any, starting from a symbol that is after PUSCH preparation time  for the corresponding PUSCH timing capability assuming  after a last symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0 and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format 2_0 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 
-	does not expect to cancel the transmission of the SRS, or the PUCCH, or the PUSCH, or the PRACH in symbols from the set of symbols in the slot, if any, starting before a symbol that is after the PUSCH preparation time  for the corresponding PUSCH timing capability assuming  after a last symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0 and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format 2_0 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 
-	if the UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in the set of symbols of the slot and the UE is provided enableConfiguredUL, the UE can transmit the SRS, or PUCCH, or PUSCH, or PRACH, respectively.
When the scheduling restrictions due to RRM measurements in TS 38.133 are not applicable, if the UE detects a DCI format indicating to the UE to transmit in a set of symbols, the UE is not required to perform RRM measurements based on a SS/PBCH block or CSI-RS reception on a different cell in the frequency band if the SS/PBCH block or CSI-RS reception includes at least one symbol from the set of symbols.
[bookmark: OB_Section422][bookmark: PROP_Section422]Proposal 9: In Type-A HD-FDD operation, for a RedCap UE not configured with hd-fdd-UL-DL-ConfigurationCommon or hd-fdd-UL-DL-ConfigurationDedicated, and does not detect DCI format 2-0,  it can re-use the collision handling procedures of a non-RedCap UE that is not configured with tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, and does not detect DCI format 2-0  in single carrier operation of NR TDD (specified in Clause 11.1 of TS 38.213), subject to the constraints of reduced UE capabilities specified in NR R17.
Proposal 10: DCI based UL cancellation can be supported as an optional UE feature with timeline relaxation appropriate for RedCap devices.

Conclusions
In this contribution, we have shared our views on the support of Type-A HD-FDD operation for R17 RedCap devices. To summarize, we have the following observations and proposals:
Observation 1:  For a non-RedCap UE not capable of full-duplex operation, the minimum TX/RX switching time in Table 4.3.2-3 of TS 38.211 specification is based on the underlying assumption that various RF blocks in the transceiver can remain ON.
Observation 2:  In NR TDD, the minimum RF retuning gap of 13 usec is assumed for TX/RX switching of a non-RedCap UE with two PLLs that can be turned ON/OFF in parallel. Compared with the requirements for low latency and high throughput, the potential power saving gain in RX/TX switching was considered as secondary for a non-RedCap UE operating in NR TDD bands.  
Observation 3:  For a RedCap UE, saving UE’s power involves at least reducing the current consumption and shutting down components not in use. This affects a clear definition of the OFF state in TX/RX switching.
Observation 4:  To save RedCap UE’s power in Type-A HD-FDD operation, the TX PLL can be shut down when UE is not transmitting. 
Observation 5:  Compared with non-RedCap UE operating in NR TDD bands, the latency and throughput requirements of RedCap UE are more relaxed, but the potential power saving gain becomes more crucial. To facilitate deployment in larger cell size and enhance power saving gains in TX/RX switching, guard symbols can be configured for RedCap UE operating in Type-A HD-FDD.
Observation 6:  For RX to TX switching in Type-A HD-FDD operation, locking the TX PLL in the last RX symbol (after applying TA) can cause spur and phase errors. To avoid  PDSCH decoding issues, a switching gap longer than 13 usec is needed to mitigate the RX signal quality degradation. 
Observation 7:  For TX to RX switching in Type-A HD-FDD operation, the 13 usec TA offset between UL and DL is sufficient to mitigate the impairments of locking the RX PLL on the last TX symbol.
Observation 8:  In Type-A HD-FDD, guard symbols can be configured to accommodate TA and RF retuning gap, and the number of guard symbols configured depends on the minimum SCS of the active DL BWP or active UL BWP. For SCS of 15 kHz, at least 1 guard symbol is needed. For SCS of 30 kHz, at least 2 guard symbols are needed. 
Observation 9:  For Type-A HD-FDD, power saving enhancement can be achieved if the slot format or TX/RX switching time can be semi-statically configured by SI/RRC. Compared to the alternative of DCI-based TX/RX switching, the prior info of DL/UL split can be leveraged by UE to program the on/off schedule of PLL(s) and enhance the power saving gain. 
Observation 10:  For Type-A HD-FDD, the direction collision handling procedures can be simplified for RedCap UE with semi-statically configured slot format.
Proposal 1:  In Type-A HD-FDD operation:
· a minimum switching gap of 13 usec should be maintained for TX-to-RX switching
· a minimum switching gap longer than 13 usec should be maintained for RX-to-TX switching
· FFS power saving gain achievable by longer switching gap
Proposal 2:  For RedCap UE operating in Type-A HD-FDD,  guard symbols are needed for RX-to-TX switching to maintain a minimum switching gap. Specifically,
·  for SCS of 15 kHz
·  for SCS of 30 kHz
wherein the SCS is the minimum SCS for the active DL BWP and the active UL BWP.  
Proposal 3:  Support semi-static slot formats configuration for Type-A HD-FDD, wherein the slot format includes DL slots/symbols, UL slots/symbols, and  flexible symbols. The guard symbols required by RX-to-TX switching can be mapped to  consecutive flexible symbols, where .
Proposal 4: Multiple slot formats with complementary DL and UL configurations can be specified for RedCap UEs supporting Type-A HD-FDD operation and sharing the same cell.
Proposal 5:  To reduce the signaling overhead of Type-A HD-FDD operation, new IE hd-fdd-UL-DL-ConfigurationCommon can be multicast/broadcast to RedCap UE in SI or MAC CE.
Proposal 6:  A RedCap UE operating in Type-A HD-FDD is not expected to transmit or receive during the RX-to-TX switching gap of  symbols.
Proposal 7:  The minimum number of guard symbols required by RX-to-TX switching can be reported as a UE capability for RedCap devices supporting Type-A HD-FDD.
Proposal 8: In Type-A HD-FDD operation, for a RedCap UE configured with hd-fdd-UL-DL-ConfigurationCommon or hd-fdd-UL-DL-ConfigurationDedicated, it can re-use the collision handling procedures of a non-RedCap UE configured with tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated in single carrier operation of NR TDD (specified by Clause 11.1 of TS 38.213), subject to the constraints of reduced UE capabilities specified  in NR R17.
Proposal 9: In Type-A HD-FDD operation, for a RedCap UE not configured with hd-fdd-UL-DL-ConfigurationCommon or hd-fdd-UL-DL-ConfigurationDedicated, and does not detect DCI format 2-0,  it can re-use the collision handling procedures of a non-RedCap UE that is not configured with tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, and does not detect DCI format 2-0  in single carrier operation of NR TDD (specified in Clause 11.1 of TS 38.213), subject to the constraints of reduced UE capabilities specified in NR R17.
Proposal 10: DCI based UL cancellation can be supported as an optional UE feature with timeline relaxation appropriate for RedCap devices.
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