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Introduction
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK1][bookmark: OLE_LINK2]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 the last meetings, some agreements and working assumptions are reached regarding the HD-FDD operations[2]. 
	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
For Case 4: dynamically scheduled DL reception vs. dynamic 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
· That is, it is considered as an error case if a dynamically scheduled DL reception overlaps with a dynamically scheduled UL transmission
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

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
Working assumption: For HD-FDD, no additional UE behavior for switching position determination is specified as compared to the existing specification. 
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 
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 

Working assumption:
· [bookmark: OLE_LINK21][bookmark: OLE_LINK22]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
· [bookmark: OLE_LINK30][bookmark: OLE_LINK31]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
· [bookmark: OLE_LINK19][bookmark: OLE_LINK20]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
· [bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK26][bookmark: OLE_LINK27]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
· [bookmark: OLE_LINK6][bookmark: OLE_LINK7]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


[bookmark: OLE_LINK42][bookmark: OLE_LINK43]In this document, additional analyses on the duplex operation of redcap UEs are discussed.
Discussions
[bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK39]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[3]. Since the UE processing time relaxation in physical layer is not an objective of this WID[1], the current value of the direction transition time for non-full duplex communication should be resued by the HD-FDD UEs.
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]Proposal 1: HD-FDD UEs reuse the NTX-RX and NRX-TX values for non-full duplex communication in R15
[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 TTA can be used as a switching gap from an uplink frame to a downlink frame by a TDD UE. 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) and some preceding symbols 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 and some preceding symbols in the paired UL band. 
[image: ]

a)  reserved symbols in DL frames              b)  reserved symbols in UL frames
[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK16]Figure1: the reserved symbols for HD-FDD UEs when a signal is scheduled
In figure 1, it is shown that the timing for a 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: _GoBack]SSB can be used as an anchor for UE measurement or other inner implementation. For the cases on the SSB signal overlapping with other UL signals, if a dynamically scheduled UL transmission overlaps with an SSB or reserved symbols around the SSB, HD-FDD UE should reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamic UL and does not do the uplink transmission. For the other case, the gNB should avoid configuring a semi-static configured UL transmission overlaps with any SSB occasion for an HD-FDD UE after gNB has known its capability in the access procedure. The same assumption also applies for other cell-specifically configured DL reception vs. cell-specifically UL transmission.
For RACH occasions that may be shared with other FDD UEs in a paired spectrum cell, all RACH occasions should be treated as valid even they overlap with other semi-static DL signals e.g. SSB, PDCCH, etc. it can leave to UE implementation to receive the SSB or transmit a PRACH preamble if it is required by the higher layer.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 2: Existing collision handling principles between dynamic UL and SSB for NR TDD should be reused for HD-FDD UEs
Proposal 3: It is up to gNB configuration to avoid such collision between semi-static UL and semi-static DL except for the RACH occasions

Conclusion
In this contribution, we have the following observations and proposals:
Proposal 1: HD-FDD UEs reuse the NTX-RX and NRX-TX values for non-full duplex communication in R15
Proposal 2: Existing collision handling principles between dynamic UL and SSB for NR TDD should be reused for HD-FDD UEs
Proposal 3: It is up to gNB configuration to avoid such collision between semi-static UL and SSB except for the RACH occasions
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