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Introduction
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK12][bookmark: OLE_LINK13]In RAN meeting #91e, a revised work item[1] on reduced complexity UE was approved. The intention with this WI is to specify a list of UE features and parameters with lower-end capabilities, relative to Release 16 eMBB and URLLC NR devices, to serve the three use cases i.e. industrial wireless sensors, video surveillance, and wearables. HD-FDD has been approved as an operation mode to reduce the complexity of NR devices. In this document, some issues on the duplex operation of redcap UEs are discussed. Compliance with the WID, only scenario of single connectivity with operation in a single band is considered.
Discussion
In RAN1 meeting #104e, it has been supported that the existing switching time defined in NR for UEs not capable of full-duplex communication will be resued for HD-FDD UEs. 
	Agreements:
· (Working assumption) 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.
· FFS: whether to define the guard times in symbol units
· FFS: the switching positions
· Sending an LS to RAN4 to inform the above working assumption, and to ask for feedback if any 
· The LS will not include the two FFS bullets


It means that the switching time definitions for HD-FDD UEs will apply to DL reception and UL transmission both in the same cell or on different cells, and the maximum switching time  and  are same for different SCS and equal to 25600 for FR1 band. 
An HD-FDD UE can receive and transmit on different bands but not at the same time. According to the rules for the procedure of NR UEs, An HD-FDD UE is not expected to transmit in the uplink frame earlier than  after the end of the last received downlink symbol in the same cell and is not expected to receive in the downlink earlier than  after the end of the last transmitted uplink symbol in the same cell. The UE can align the reception or transmission timing to available symbols which can satisfy the requirements for the switching gap automatically.
Proposal 1: The guard time does not need to be defined in symbols units and the UE will align the transmission or reception to available symbols automatically
Another issue for the half-duplex operation of redcap UE is the collision handling for data transmission of different directions. It has been discussed in the meeting and it’s agreed that the principles of collision handling will use the operation in unpaired spectrum as a starting point. 
	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 HD-FDD operation for RedCap UEs, consider at least the following DL/UL collision cases collisions may be addressed or alleviated with proper scheduling. The following cases of potential collisions can be further studied to see if any change to the current specs is necessary:
· 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, or RO
· Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
· e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
· Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission
· e.g., PUSCH, PUCCH, PRACH, SRS
· Case 6: Monitoring for UL cancellation indication (if supported) while transmitting in UL
· Case 7: Collision due to BWP switching (if supported)
· Case 8: Dynamic or semi-static DL vs. valid RO
· Case 9: Collision due to direction switching



[bookmark: OLE_LINK8][bookmark: OLE_LINK10]In an NR cell, the uplink frame should be transmitted from UE starting TTA time before the corresponding downlink frame. The timing advance can be used as a switching gap from an uplink frame to a downlink frame by a TDD UE. The TTA time consists of two parts. One is  that is the round-trip time of BS-UE transmission and can be adjusted by the TA command.is another part, it is a common attribution for all UEs in a cell, and the value of  can be indicated in ServingCellConfigCommon or ServingCellConfigCommonSIB or set with a default value if it is not provided in high layer messages. And flexible symbols whose length could not be zero for an unpaired spectrum will be used as a mask for the timing advance and the switching time from a downlink frame to uplink frames.
Applied with the principle for TDD UEs, if an HD-FDD UE is scheduled to transmit a signal on some symbols of one UL band, it should not receive the symbols with the same index (assume the same SCS is used) in the paired DL band. Similarly, when the UE is scheduled to receive a signal on symbols of a DL band, it could not transmit in those UL symbols with the same indexes in the paired UL band. 
Considering the timing advance and time for direction switching, more symbols need to be silenced for an HD-FDD UE when it is scheduled to transmit or recept a signal in UL frame or DL frame respectively.
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a)  Silenced duration in DL frames       b)  Silenced duration in UL frames
[bookmark: OLE_LINK16]Figure1: the silenced duration for HD-FDD UEs when a signal is scheduled
In figure 1, it is shown that the timing for an HD-FDD UE transmitting in a UL frame and receiving in a DL frame. When the UE is scheduled to transmit a signal in UL frame n, it’s not expected to receive the symbols in the DL frame n-1 which overlap with the duration with a length of TRX-TX+TTA as shown in figure 1-a. and if the UE is scheduled to receive a signal in DL frame n, it is not expected to transmit in the symbols of frame n-1 which is overlapped with the duration with a length of max(0, TRX-TX-TTA).
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 2: More symbols should be silenced for an HD-FDD UE due to the direction switching 
Conclusion
In this contribution, we have the following observations and proposals:
Proposal 1: The guard time does not need to be defined in symbols units and the UE will align the transmission or reception to available symbols automatically
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal 2: More symbols should be silenced for an HD-FDD UE due to the direction switching 
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