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Introduction
In addition to UE BW reduction, RAN1 has discussed other aspects of complexity reduction for R17 RedCap devices, such as RX branch reduction, DL MIMO layer reduction, modulation order relaxation and Type-A HD-FDD [1-2]. 
In this contribution, we discussed the remaining issues for UE complexity reduction, with a focus on Type-A HD-FDD and CSI measurements/reporting procedures. 
Remaining Issues for Type-A HD-FDD
In RAN1#106-e meeting, the following agreement was made for the potential collisions between configured SSB and dynamically scheduled UL transmission.
Agreements: 
· For Case 5 of dynamically scheduled UL transmission vs. SSB, one or both of the following options to be determined till next meeting:
· Option 1: Dynamically scheduled UL transmission is prioritized over SSB
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission

For a non-RedCap UE incapable of full duplex operation, the following rules have been specified in TS 38.213 when SSB overlaps with UL transmissions or flexible symbols:
1) For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a 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 UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.

2) If a UE 
-	is configured with multiple serving cells and is provided with directionalCollisionHandling-r16 = 'enabled' for a set of serving cell(s) among the multiple serving cells, and
-	indicates support of half-DuplexTDD-CA-SameSCS-r16 capability, and 
-	is not configured to monitor PDCCH for detection of DCI format 2_0 on any of the multiple serving cells,
for a set of symbols of a slot that are indicated to the UE for reception of SS/PBCH blocks in a first cell of the multiple serving cells by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon, when provided to the UE, the UE does not transmit PUSCH, PUCCH, or 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 in 
-	any of the multiple serving cells if the UE is not capable of simultaneous transmission and reception as indicated by simultaneousRxTxInterBandCA among the multiple serving cells, and
-	any one of the cells corresponding to the same band as the first cell, irrespective of any capability indicated by simultaneousRxTxInterBandCA.
3) For a set of symbols of a slot corresponding to SS/PBCH blocks with candidate SS/PBCH block indices corresponding to the SS/PBCH block indexes indicated to a UE by ssb-PositionsInBurst in SIB1, or by ssb-PositionsInBurst in ServingCellConfigCommon, as described in clause 4.1, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as uplink.

In line with the rules specified for non-RedCap UE, we have the following proposal for Type-A HD-FDD:
[bookmark: Proposa1]Proposal 1:  In Type-A HD-FDD operation, when the SSB overlaps with dynamically scheduled UL transmissions, SSB reception is prioritized over dynamically scheduled UL transmissions.
In RAN1#106bis-e meeting, it was agreed to re-use the switching time specified in Table 4.3.2-3 of TS 38.211, which amounts to 13 usec in FR1. As a result, we have the following proposal for the TX/RX switching time before and after the set of SSB symbols:
[bookmark: Proposa2]Proposal 2:  When a Type-A HD-FDD UE operates on paired spectrum: 
· the Type-A HD-FDD UE is not expected to transmit in the uplink earlier than 13 usec after the end of the last received SSB symbol
· the  Type-A HD-FDD UE is not expected to receive SSB earlier than 13 usec after the end of the last transmitted uplink symbol 
· when there is NOT a sufficient TX/RX switching gap (overlapping or non-overlapping) between SSB reception and UL transmission, SSB reception is prioritized over UL transmission

In RAN1#106bis-e meeting, a working assumption was made for the back-to-back non-overlapping UL/DL without sufficient gap between RRC configured  UL and DL. Such configurations can be supported by UEs capable of FD-FDD.  However, a Type-A HD-FDD UE cannot transmit in UL and receive in DL on those RRC-configured occasions without sufficient switching gap, regardless the RRC configuration is cell-specific or UE-specific. 

Furthermore, UE-specific RRC configurations should take into account the UE capabilities signalled by the RedCap UE. If the DL and/or UL of a Type-A HD-FDD UE is configured by dedicated RRC,  the Type-A HD-FDD UE is not expected to support the back-to-back UL/DL switching without sufficient gap. Actually, the cases associated with back-to-back non-overlapping UL/DL without sufficient gap can be treated by a HD-FDD UE in a similar way as the corresponding cases involving UL/DL collisions, wherein the UL/DL can be dynamically scheduled or RRC-configured. 


[bookmark: Proposa3]Proposal 3:  A Type-A HD-FDD UE is not expected/required to support UL-to-DL switching and UL-to-DL switching without sufficient TX/RX switching gap, when the DL and/or the UL are RRC configured.

[bookmark: Proposa4]Proposal 4:  For RRC-configured or dynamically scheduled “back-to-back” non-overlapping UL/DL without sufficient gap, a Type-A HD-FDD UE can re-use the corresponding collision handling rules specified for overlapping UL/DL.


In RAN1#106bis-e meeting, it was agreed to support Type-A HD-FDD as an optional FG for R17 RedCap UE. If a RedCap UE’s capability signalling indicates it does not support Type-A HD-FDD on paired spectrum, NW assumes the RedCap UE supports FD-FDD on paired spectrum. On the other hand, if a FD-FDD capable RedCap UE supports the collision handling procedures specified for Type-A HD-FDD UE, it can fall-back to Type-A HD-FDD based on the RRC reconfiguration of NW, which is beneficial for UE power saving and inter-cell interference mitigation [2]. 

[bookmark: Proposa5]Proposal 5:  When operating on paired spectrum, a FD-FDD RedCap UE can indicate whether it supports fall-back to Type-A HD-FDD operation. 

[bookmark: Proposa6]Proposal 6:  If a R17 FD-FDD RedCap UE has signalled  its capabilities to  support Type-A HD-FDD operation on paired spectrum, the RedCap UE is expected to receive a dedicated RRC configuration for the duplex mode.
· FFS: if the duplex mode can be included in the RRC configurations of BWP.

CSI Measurements and Reporting 
Different from LTE, there is no always-on CRS signal in NR. In NR R15/16, UE is configured with one or more CSI Resource Settings for channel and interference measurement via higher layer signaling. Moreover, if a UE does not indicate its capability of CSItriggerStateContainingNonactiveBWP,  the UE is not expected to be triggered with a CSI report for a non-active DL BWP. Otherwise, when a UE is triggered with a CSI report for a DL BWP that is non-active when expecting to receive the most recent occasion, no later than the CSI reference resource, of the associated NZP CSI-RS, the UE is not expected to report the CSI for the non-active DL BWP and the CSI report associated with that BWP is omitted. When a UE is triggered with aperiodic NZP CSI-RS in a DL BWP that is non-active when expecting to receive the NZP CSI-RS, the UE is not expected to measure the aperiodic CSI-RS. 
As a baseline, the CSI resource setting and reporting setting of non-RedCap UE can be re-used for RRC_CONNECTED UE. The content of CSI report is specified by reportQuantity, which includes a limited number of combinations including cri-RSRP, ssb-index-RSRP, CRI, RI, LI, CQI, PMI and index of desired precoding matrix. 
[bookmark: Observation1]Observation 1: The CSI resource setting and CSI reporting setting of non-RedCap UE can be used as a baseline for RedCap UE. 
[bookmark: Observation2]Observation 2: To facilitate frequency selective scheduling outside the active DL BWP, UE has to receive CSI-RS on an non-active DL BWP and handles potential collisions with CSI measurement on the active DL BWP. This leads to an increase in UE complexity and RS overhead.
[bookmark: Observation3]Observation 3: To facilitate frequency selective scheduling outside the active UL BWP, UE needs to transmit SRS on an non-active UL BWP, which increase UE’s complexity and RS overhead, and is not supported by NR R15/16.
[bookmark: Proposa7]Proposal 7: Frequency selective scheduling outside active BWP is not supported by RedCap UE.

[bookmark: Proposa8]Proposal 8: SRS transmission outside active UL BWP is not supported by RedCap UE.

Other Aspects of UE Complexity Reduction
For R17 RedCap UE, CA/DC is excluded and single carrier operation is supported [1].  Therefore, the max TBS for PDSCH/PUSCH of RedCap UE can be calculated according to Clause 4.1.2 of TS 38.306.  A scaling factor configured by higher layer was introduced for non-RedCap UE in NR R15/16, which supports values of 1, 0.8, 0.75 and 0.4. 
In R17 RedCap SI, different BW configurations for BB/RF were proposed but not approved as an objective of WID. Besides, companies agreed not to pursue further TBS restriction beyond BW reduction, DL MIMO layer reduction and relaxed modulation order. Therefore, we have the following proposals:
[bookmark: Proposa9][bookmark: _Hlk83767520]Proposal 9: The max BW specified for R17 RedCap UE (20 MHz in FR1, 100 MHz in FR2) applies to both BB and RF.
In addition to power saving and coverage enhancement, R16/17 UE features related to NR positioning, NR small data transfer and DSS can be optionally supported by RedCap UE.
[bookmark: Proposa10]Proposal 10: R16/17 UE features related to NR positioning, NR small data transfer and DSS can be optionally supported by RedCap UE, subject to UE capabilities of reduced BW, reduced number of RX branches and Type-A HD-FDD .

Conclusions
Based on the agreements made for R17 RedCap UE in previous meetings, we discussed the remaining issues for UE complexity reduction with the following observations and conclusions:
Observation 1: The CSI resource setting and CSI reporting setting of non-RedCap UE can be used as a baseline for RedCap UE. 
Observation 2: To facilitate frequency selective scheduling outside the active DL BWP, UE has to receive CSI-RS on an non-active DL BWP and handles potential collisions with CSI measurement on the active DL BWP. This leads to an increase in UE complexity and RS overhead.
 Observation 3: To facilitate frequency selective scheduling outside the active UL BWP, UE needs to transmit SRS on an non-active UL BWP, which increase UE’s complexity and RS overhead, and is not supported by NR R15/16.
Proposal 1:  In Type-A HD-FDD operation, when the SSB overlaps with dynamically scheduled UL transmissions, SSB reception is prioritized over dynamically scheduled UL transmissions.
Proposal 2:  When a Type-A HD-FDD UE operates on paired spectrum: 
· the Type-A HD-FDD UE is not expected to transmit in the uplink earlier than 13 usec after the end of the last received SSB symbol
· the  Type-A HD-FDD UE is not expected to receive SSB earlier than 13 usec after the end of the last transmitted uplink symbol 
· when there is NOT a sufficient TX/RX switching gap (overlapping or non-overlapping) between SSB reception and UL transmission, SSB reception is prioritized over UL transmission
 
Proposal 3:  A Type-A HD-FDD UE is not expected/required to support UL-to-DL switching and UL-to-DL switching without sufficient TX/RX switching gap, when the DL and/or the UL are RRC configured.
Proposal 4:  For RRC-configured or dynamically scheduled “back-to-back” non-overlapping UL/DL without sufficient gap, a Type-A HD-FDD UE can re-use the corresponding collision handling rules specified for overlapping UL/DL.
Proposal 5:  When operating on paired spectrum, a FD-FDD RedCap UE can indicate whether it supports fall-back to Type-A HD-FDD operation. 
Proposal 6:  If a R17 FD-FDD RedCap UE has signalled  its capabilities to  support Type-A HD-FDD operation on paired spectrum, the RedCap UE is expected to receive a dedicated RRC configuration for the duplex mode.
· FFS: if the duplex mode can be included in the RRC configurations of BWP.
Proposal 7: Frequency selective scheduling outside active BWP is not supported by RedCap UE.

Proposal 8: SRS transmission outside active UL BWP is not supported by RedCap UE.
Proposal 9: The max BW specified for R17 RedCap UE (20 MHz in FR1, 100 MHz in FR2) applies to both BB and RF.
 Proposal 10: R16/17 UE features related to NR positioning, NR small data transfer and DSS can be optionally supported by RedCap UE, subject to UE capabilities of reduced BW, reduced number of RX branches and Type-A HD-FDD .
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