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1 Introduction
In RAN Plenary #88, a study item for reduced capability UEs was updated [1]. The study item aims to study complexity reduction features for reduced capability UEs which are targeted at use cases such as wearable, wireless sensor network and video surveillance. The complexity reduction features to be studied includes the following:
•	Reduced number of UE RX/TX antennas
•	UE Bandwidth reduction 
Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 
•	Half-Duplex-FDD
•	Relaxed UE processing time 
•	Relaxed UE processing capability 
Note 1: The work defined above should not overlap with LPWA use cases. The lowest data rate and bandwidth capability considered should be no less than an LTE Category 1bis modem.
In this contribution, we provide our views on some UE complexity reduction features.
2 Discussion
UE bandwidth reduction
[bookmark: _Hlk861261]In NR specification, UE can camp on a cell with DL/UL carrier bandwidths which are equal to or larger than the DL/UL channel bandwidths UE supported, if the DL/UL channel bandwidths UE supported are equal to or larger than the initial DL/UL BWPs of the cell. For example, it is currently supported that a UE supporting DL/UL maximum channel bandwidths of 20MHz to access a cell with DL/UL carrier bandwidths equal to 40MHz, as long as the bandwidths of initial DL/UL BWPs are equal to or smaller than 20MHz. For other BWPs dedicatedly configured by gNB, up to 4 BWPs with configurable numbers of PRBs can be configured to UE based on UE capability. To sum up, current NR specification supports UE with maximum channel bandwidth smaller than the carrier bandwidth of the serving cell, and supports flexible configuration of BWPs.
Therefore, the main impact to support UE with reduced bandwidth capability is on initial access. In RAN1 #101-e, it is agreed to study 50MHz and 100 MHz maximum UE bandwidth at least for initial access for FR2.To support reduced capability UEs with smaller maximum channel bandwidth according to NR specification, configuration of bandwidth of CORESET 0 may be restricted to bandwidths smaller than the maximum channel bandwidth supported by all reduced capability UEs. For example, in FR2, assuming 50MHz is the maximum channel bandwidth for all reduced capability UEs, if CORESET 0 is configured with 48 for 120kHz or 96 PRBs for 60kHz SCS, then the reduced capability UEs are not able to receive SIB1 and will not camp on the cell. Therefore, to support reduced capability UE, gNB needs to configure CORESET 0 with bandwidth which is equal to or smaller than the maximum channel bandwidth of all reduced capability UEs. However, the constraint may affect the AL of PDCCH candidates in search spaces associated with CORESET 0, and may affect the TBS or the code rate of the PDSCH carrying SIB1 and of other PDSCH scheduled in initial DL BWP, which may have impact on the legacy NR UEs. If UE receives a subset of PRBs by UE implementation when CORESET 0 is configured with bandwidth larger than the maximum band width of the UE, the number of PDCCH candidate with higher ALs is very limited, which is not desirable considering coverage loss due to complexity reduction features. For example, for a UE with 50 MHz maximum channel bandwidth, if 60kHz SCS is used for PDCCH, UE may only be able to receive 1 PDCCH candidate with AL 8 for CORESET 0 with 96 PRBs and 2-symbol duration, and no PDCCH candidate with AL 8 for CORESET 0 with 96 PRBs and 1-symbol duration. If 120kHz SCS is used for PDCCH, UE cannot receive any PDCCH candidate with AL 8 for CORESET 0 with 48 PRBs.
Therefore, initial DL/UL BWPs dedicated for reduced capability UEs that is transmitted in bandwidth which is equal to or smaller than the maximum DL/UL channel bandwidths supported by reduced capability UEs may need to be introduced.
Observation 1: Supporting reduced capability UEs with 50MHz maximum channel bandwidth  will put constraints on the configuration of CORESET 0 in FR2.
Proposal 1: Initial DL/UL BWPs dedicated for reduced capability UEs is introduced.

Half-Duplex FDD Operation
For LTE-M1, a BL/CE UE stands for the UE with bandwidth reduced low complexity and coverage enhancement features. One of major implementations to meet the low complexity requirement is operating in HD-FDD mode, and hence supporting HD-FDD for reduced capability (RedCap) UEs could be beneficial for complexity reduction. On the other hand, the guard period in HD-FDD operation for NR may apply symbol-level configuration to work out the latency loss. Thus, the possible impact on applying symbol-level guard period (e.g., SCS configuration) needs to be specified. 
Observation 2: It is beneficial for reduced capability UE to support HD-FDD operation.
Observation 3: The guard period in HD-FDD operation for NR may apply symbol-level configuration.
Proposal 2: Support HD-FDD operation for reduced capability UEs.   
Proposal 3: The possible impact on applying symbol-level guard period needs to be specified.   
In unpaired spectrum (i.e., TDD), UE can be provided with semi-statically or dynamically the transmission direction of a symbol so that the UE can perform transmission or reception accordingly. In paired spectrum (i.e., FDD), on the other hand, UE is not provided with the transmission direction of a symbol semi-statically, since there are both DL and UL resources available for the symbol. However, it is uncertain that whether to reuse the TDD slot configuration or follow the dynamic scheduling to determine UL/DL direction for HD-FDD operation, and therefore the detailed scheduling for HD-FDD should be further studied. 
For HD-FDD operation, it is possible that the collision between DL and UL scheduling would happen. For example, a dynamically scheduled downlink transmission may overlap with a configured uplink transmission. Therefore, a rule for handling the collision between DL and UL scheduling needs to be introduced for RedCap UEs. Accordingly, several options can be considered for handling the collision between DL and UL scheduling.
The first option we can consider is to specify scheduling restrictions. For example, scheduling a PDSCH overlapping in time with a CG PUSCH is not expected. Oppositely, scheduling a PUSCH overlapping in time with a configured DL reception(e.g., SSB, SPS PDSCH) is not expected.
The second option is to define a priority rule. For example, a dynamically PDSCH is always prioritized over a CG PUSCH. In other words, a transmission with lower priority is dropped.
The third option is to provide UE semi-statically or dynamically with the transmission direction of a symbol, and scheduling or configuration indicated for the symbol should follow the provided transmission direction.
Observation 4: The collision between DL and UL scheduling may happen for HD-FDD operation.
Proposal 4: A rule for avoiding or handling the collision between DL and UL scheduling shall be specified for reduced capability UEs in half-duplex FDD operation.
3 Conclusions
In this contribution, we discussed the issues regarding UE bandwidth reduction and Half-Duplex FDD. Based on the discussion in section 2, we have observations and proposals as follows.
[bookmark: _Toc4685928]Observation 1	Supporting reduced capability UEs with 50MHz maximum channel bandwidth will put constraints on the configuration of CORESET 0 in FR2.
Observation 2	It is beneficial for reduced capability UE to support HD-FDD operation.
Observation 3	The guard period in HD-FDD operation for NR may apply symbol-level configuration.
Observation 4	The collision between DL and UL scheduling may happen for HD-FDD operation.
Proposal 1	Initial DL/UL BWPs dedicated for reduced capability UEs is introduced.
[bookmark: _Toc4685930]Proposal 2	Support HD-FDD operation for reduced capability UEs.
Proposal 3	The possible impact on applying symbol-level guard period needs to be specified.
Proposal 4	A rule for avoiding or handling the collision between DL and UL scheduling shall be specified for reduced capability UEs in half-duplex FDD operation.
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