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1. [bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK42][bookmark: OLE_LINK43]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]. In this document, further analyses on the duplex operation of redcap UEs are discussed.
2. Discussions
Collision handling between RO and other channels
There are three remaining issues on handling the collision between RO and other channels in the last meeting[2]. 
	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:
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12]For Case 8 of valid RO overlapping with dynamically scheduled DL reception, down-select from the following options
· [bookmark: OLE_LINK147][bookmark: OLE_LINK148]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



[bookmark: OLE_LINK141][bookmark: OLE_LINK142][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In Rel-15/16, a RO has higher priorities than other channels, and each valid RO is mapped with an SSB index used to indicate the best DL beam of UE. If some ROs will become invalid due to the channels configured for HD-FDD UEs, these ROs associated with specific SSB will not be utilized anymore and random-access processing in these beams will be disabled. A solution for this is to remap the remaining RO to SSB, but it will take complex processing due to various configurations and will be incompatible with legacy processing. It is not acceptable for a reduced complexity device. So we generally support reusing the existing collision handling principles for unpaired spectrum that valid RO is prioritized.
[bookmark: OLE_LINK145][bookmark: OLE_LINK146]On the collision handling for RO and dynamically scheduled DL reception, further discussion can be beneficial. In the email discussion of the last meeting, three potential interpretations for handling this collision case have been discussed. According to the current spec, symbols of a DL reception should not overlap with a valid RO and Ngap symbols before the RO. On the other hand, if UE receives a DCI to dynamically schedule a PDSCH or CSI-RS whose symbols overlap with a PRACH transmission, the UE will cancel the PRACH transmission if the timeline is satisfied. For a TDD cell, the DL receptions should be canceled if these two rules are applied to the same set of symbols. There may be other UE PRACH preamble transmission in the RO, and a TDD gNB can not do DL transmission on these uplink occasions. But for an FDD cell and HD-FDD UEs, gNB is full-duplex, then option3 may be the only interpretation of the wording in the specification. In sum, we think the current principles of Rel-15/16 for NR TDD for operation on a single carrier /single cell in unpaired spectrum are clear enough to guide HD-FDD UE’s behavior. 
Proposal 1: Support option1 as the collision handling principle when a valid RO overlaps with a PDCCH in Type 0/0A/1/2 CSS set or a UE-dedicated configured DL reception
Proposal 2: Support reusing existing handling principles for the collision between RO and dynamically scheduled DL reception
Collision handling for direction switching
Another remaining issue from the last meeting was the timing for the RX-TX switching. some assumptions are made in RAN1-104b[3] and further discussed in RAN1-105.
	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 



[bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: _GoBack]The work assumption gives a general principle for the switching operation of HD-FDD UEs. In the mail discussion of the last meeting, most companies agree that a clear rule for UE behavior should be defined to deal with the collision when a gap between DL and UL symbols may be less than Tx/Rx switching time. For example, in a cell with zero timing-advance-offset, if a UE is scheduled to transmit in symbols preceding some DL symbols, the UE can not get enough time to do the UL-DL switching. Compared to a similar case in TDD, a gap with a non-zero timing-advance-offset will be used as the switch time. As interpreted in our previous contributions, for a DL reception or UL transmission of HDD UE, some symbols around the transmission should be reserved to guard a potential switching operation. 
Proposal 3: Adequate Tx/Rx switching time should be defined for HD-FDD UE UL/DL operations
3. Conclusion
In this contribution, we have the following observations and proposals:
Proposal 1: Support option1 as the collision handling principle when a valid RO overlaps with a PDCCH in Type 0/0A/1/2 CSS set or a UE-dedicated configured DL reception
Proposal 2: Support reusing existing handling principles for the collision between RO and dynamically scheduled DL reception
Proposal 3: Adequate Tx/Rx switching time should be defined for HD-FDD UE UL/DL operations
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