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1. Introduction
The latest version of WID[1] for RedCap is agreed in RANP #92 meeting, and UE complexity reductions are summarized as below, 
	· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)



In this contribution we discuss the UE complexity reduction for RedCap. 
2. Discussion
Based on the RedCap scope, there are five key features for complexity reduction which would impact the RAN4 requirements, 
· Reduced maximum UE bandwidth
· Reduced minimum number of Rx branches
· Maximum number of DL MIMO layers
· Relaxed maximum modulation order
· Duplex operation
We will discuss those features one by one and the potential impacts to the RRM requirements are provided in this section. Once RAN4 has common understanding or consensus on those potential impacts, we can move forward to discuss the details of the corresponding requirements.

(1) Reduced maximum UE bandwidth
Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz, and maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz. In some CSI-RS based requirements (CSI-RS based RLM, BFD and etc), RAN4 used 48PRBs for CSI-RS BW. If 60kHz CSI-RS is used, the CSI-RS BW would be 34.56MHz, and therefore the corresponding requirements need to be modified. The summary of RRM impacts due to reduced maximum UE BW is as in table 1: 
Table 1. impacts due to reduced maximum UE BW
	RRM requirements
	Impacts to RRM

	IDLE/inactive mode mobility
	No impact

	Handover
	No impact

	Reestablishment/redirect
	No impact

	RACH
	No impact

	UE Tx timing, MTTD/ MRTD, timer accuracy, TA accuracy
	No impact

	RLM
	Hypothetical PDCCH transmission parameter for RLM needs to be revised (Current hypothetical BW for CSI-RS is larger than 20MHz with 60kHz SCS for FR1).


	Beam management (BFD/CBD)
	Hypothetical PDCCH transmission parameter for BFD needs to be revisited (Current hypothetical BW for CSI-RS is larger than 20MHz with 60kHz SCS for FR1).


	Active BWP switching, active TCI switching, PL-RS switching
	No impact

	Interruption 
	No impact

	Measurement capability and cell identification/measurement delay in RRC connected mode, SFTD measurement, L1-RSRP
	· CSI-RS based L3 measurement delay needs to be revisited (CSI-RS L3 minimum measurement BW assumption is larger than 20MHz with 60kHz SCS for FR1) if R16 CSI-RS L3 feature is considered for RedCap.
· No need to revise the CSI-RS based L1-RSRP measurement delay but CSI-RS based L1-RSRP accuracy needs to be revisited for 60kHz SCS cases.
· No need to revise the CSI-RS based L1-SINR measurement delay but CSI-RS based L1-RSRP accuracy needs to be revisited for 60kHz SCS cases if R16 eMIMO feature is considered for RedCap.


	Measurement accuracy
	· CSI-RS based L1-RSRP accuracy needs to be revisited for 60kHz SCS cases in FR1 (current requirement assumes 48PRBs for CSI-RS).
· CSI-RS based L3 measurement accuracy need to be revisited for 60kHz SCS cases in FR1 if R16 CSI-RS L3 feature is considered for RedCap (current requirement assumes 48PRBs for CSI-RS).
· CSI-RS based L1-SINR measurement accuracy need to be revisited for 60kHz SCS cases in FR1 if R16 eMIMO feature is considered for RedCap (current requirement assumes 48PRBs for CSI-RS).



Based on the analysis, the bandwidth in hypothetical PDCCH transmission parameter table for CSI-RS based RLM and CSI-RS based BFD shall be changed to 24PRBs for 60kHz SCS case in FR1. Regarding the CSI-RS based L1-RSRP, we think one shot is a baseline assumption for such beam measurement requirement in R15, so we propose to not change the CSI-RS based L1-RSRP measurement delay requirement. However, the CSI-RS based L1-RSRP measurement accuracy needs to be revisited since the CSI-RS BW configuration of 48PRBs is not applicable for RedCap UE with 60kHz SCS in FR1. Thus, CSI-RS BW for L1-RSRP measurement accuracy requirement with 60kHz SCS in FR1 could be changed to 24PRBs and the corresponding accuracy requirement shall be re-evaluated 
In last RAN4 meeting, it was an agreement [2] that,
RedCap requirements are developed with NR release 15 RRM requirements as baseline. Which release 16 features to be considered for RedCap are discussed in case by case manner after sufficient progress is made in the WI.
Since CSI-RS based L3 measurement and eMIMO (L1-SINR measurement) are both R16 RRM requirements, RAN4 could discuss CSI-RS based L3 measurement and L1-SINR measurement after sufficient progress is made in the WI. 
Proposal 1: Regarding the reduced maximum UE bandwidth for RedCap,
· for CSI-RS based RLM/BFD, the bandwidth in hypothetical PDCCH transmission parameter tables shall be changed to 24PRBs for 60kHz SCS case in FR1.
· for CSI-RS based L1-RSRP, CSI-RS BW for L1-RSRP measurement accuracy requirement with 60kHz SCS in FR1 could be changed to 24PRBs and the corresponding accuracy requirement shall be re-evaluated. No change is needed for CSI-RS based L1-RSRP measurement delay requirement.
· for CSI-RS based L3 measurement and CSI-RS based L1-SINR measurement, defer the discussion until sufficient progress is made in the WI. 
(2) Reduced minimum number of Rx branches
The legacy NR RRM requirement is designed based on 2Rx assumption at UE, and when 1Rx is used for RedCap UE, many RRM requirements need to be revisited. The summary of RRM impacts due to 1Rx usage is as in table 2: 

Table 2. impacts due to 1Rx usage for RedCap UE
	RRM requirements
	Impacts to RRM

	IDLE/inactive mode mobility
	· Cell re-selection (cell evaluation, measurement, detection) needs to be revisited due to 1Rx
· Ranking margin for re-selection (up to measurement accuracy) needs to be revisited 1Rx


	Handover
	HO requirement delay needs to be revisited due to 1Rx

	Reestablishment/redirect
	Reestablishment/redirect delay requirement needs to be revisited due to 1Rx

	RACH
	No impact

	UE Tx timing, MTTD/ MRTD, timer accuracy, TA accuracy
	No impact

	RLM
	· Hypothetical PDCCH transmission parameter: Ratio of hypothetical PDCCH RE/DMRS energy to average SSS/CSI-RS RE energy need to be revisited due to 1Rx.
· the SNR1/2/3/4/5 threshold setup in TCs need to be revisited due to 1Rx.

	Beam management (BFD/CBD)
	BFD:
· Hypothetical PDCCH transmission parameter: Ratio of hypothetical PDCCH RE/DMRS energy to average SSS/CSI-RS RE energy need to be revisited due to 1Rx.
· the SNR1/2/3 threshold setup in TCs need to be revisited due to 1Rx

CBD:
· No need to revisit evaluation period due to 1Rx. (Using 1Rx is to save power for redcap, but extension of evolution period would defeat such power saving benefit.)
· The margin of L1-RSRP setup in CBD TC shall be revisited due to 1Rx 

	Active BWP switching, active TCI switching, PL-RS switching
	· Active TCI switching delay requirement needs to be revisited due to 1Rx
· PL-RS change delay requirement needs to be revisited due to 1Rx if R16 PL-RS change requirement is considered for RedCap.

	Interruption 
	No impact

	Measurement capability and cell identification/measurement delay in RRC connected mode, SFTD measurement, L1-RSRP
	· SSB based Cell identification/measurement delay needs to be revisited due to 1Rx.
· No need to revisit SSB/CSI-RS based L1-RSRP measurement delay but SSB/CSI-RS based L1-RSRP accuracy needs to be revisited due to 1Rx.
· CSI-RS based L3 measurement delay needs to be revisited due to 1Rx if R16 CSI-RS L3 feature is considered for RedCap.
· No need to revisit SSB/CSI-RS based L1-SINR measurement delay but SSB/CSI-RS based L1-SINR accuracy needs to be revisited due to 1Rx if R16 eMIMO feature is considered for RedCap.
· SFTD measurement delay and CGI reading: FFS if it’s in the scope or not

	Measurement accuracy
	· SSB based L3 measurement accuracy requirement needs to be revisited due to 1Rx.
· SSB/CSI-RS based L1-RSRP accuracy requirement needs to be revisited due to 1Rx.
· CSI-RS based L3 measurement accuracy requirement needs to be revisited due to 1Rx if R16 CSI-RS L3 feature is considered for RedCap.
· SSB/CSI-RS based L1-SINR accuracy requirement needs to be revisited due to 1Rx if R16 eMIMO feature is considered for RedCap.
· SFTD measurement accuracy: FFS if it’s in the scope or not



Based on the analysis, the 1Rx usage would impact the hypothetical PDCCH transmission parameter for SSB/CSI-RS based BFD/CBD as well as the SNR setup in RLM/BFD testing. The 1Rx usage would mostly impact the UE measurement delay and accuracy for both IDLE/Inactive and Connected modes.

Proposal 2: Regarding the reduced minimum number of Rx branches for RedCap,
· for IDLE/Inactive mobility,
· Cell re-selection (cell evaluation, measurement, detection) needs to be revisited due to 1Rx
· Ranking margin for re-selection (up to measurement accuracy) needs to be revisited 1Rx
· for Connected mobility,
· SSB based Cell identification/measurement delay needs to be revisited due to 1Rx
· SSB based L3 measurement accuracy requirement needs to be revisited due to 1Rx.
· for HO/Reestablishment/redirection/active TCI switching, delay requirement needs to be revisited due to 1Rx
· for SSB/CSI-RS based RLM/BFD,
· Hypothetical PDCCH transmission parameter needs to be revisited due to 1Rx.
· The SNR threshold setup in TCs need to be revisited due to 1Rx.
· for SSB/CSI-RS based CBD,
· No need to revisit evaluation period due to 1Rx. 
· The margin of L1-RSRP setup in TCs need to be revisited due to 1Rx
· for SSB/CSI-RS based L1-RSRP
· No need to revisit SSB/CSI-RS based L1-RSRP measurement delay requirement due to 1 Rx
· SSB/CSI-RS based L1-RSRP accuracy needs to be revisited due to 1Rx.
· For CSI-RS based L3 measurement, L1-SINR measurement, SFTD measurement, CGI reading, and PL-RS change, defer the discussion until sufficient progress is made in the WI. 

(3) Maximum number of DL MIMO layers
This feature has no impact to RRM requirement, and it would be discussed in performance phase for demod.
(4) Relaxed maximum modulation order
This feature has no impact to RRM requirement, and it would be discussed in performance phase for demod.
Proposal 3: RAN4 to discuss maximum number of DL MIMO layers and relaxed maximum modulation order in performance phase for demod.
(5) Duplex operation
Regarding the HD-FDD, RAN1 had following working assumption in last meeting,
	Working assumption:
· 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
· 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 whether to receive the SSB or transmit the UL transmission
· Other options are not precluded
· If a semi-static configured UL transmission overlaps with an SSB, down-select 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
· Option 3: Leave to UE implementation whether to receive the SSB or transmit the UL transmission
· Other options are not precluded
· 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



RAN4 needs to discuss, when RRM DL measurement is colliding with UL transmission due to HD-FDD, which one shall be prioritized. Since RAN1 was only considering the serving cell RS reception v.s. HD-FDD UL, RAN4 could decide the DL RS measurement for mobility purpose. In our understanding, the same principle for scheduling restriction in TDD band on FR1 could be reused for HD-FDD case (as following), i.e., RRM DL measurement is prioritized over the UL transmission of HD-FDD. Moreover, if MG is used for RRM measurement, MG shall be also prioritized over UL of HD-FDD for RedCap, i.e., no UL transmission due to HD-FDD for RedCap is allowed during MG duration.
	[image: Text, letter
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Proposal 4: RRM DL measurement is prioritized over the UL transmission of HD-FDD for RedCap UE.
Proposal 5: Measurement gap is prioritized over the UL transmission of HD-FDD for RedCap UE, i.e., no UL transmission due to HD-FDD is allowed during MG duration.
8 Conclusion
In this contribution we provide the further analysis on the impact of RedCap feature to RRM requirement. 
Proposal 1: Regarding the reduced maximum UE bandwidth for RedCap,
· for CSI-RS based RLM/BFD, the bandwidth in hypothetical PDCCH transmission parameter tables shall be changed to 24PRBs for 60kHz SCS case in FR1.
· for CSI-RS based L1-RSRP, CSI-RS BW for L1-RSRP measurement accuracy requirement with 60kHz SCS in FR1 could be changed to 24PRBs and the corresponding accuracy requirement shall be re-evaluated. No change is needed for CSI-RS based L1-RSRP measurement delay requirement.
· for CSI-RS based L3 measurement and CSI-RS based L1-SINR measurement, defer the discussion until sufficient progress is made in the WI. 
Proposal 2: Regarding the reduced minimum number of Rx branches for RedCap,
· for IDLE/Inactive mobility,
· Cell re-selection (cell evaluation, measurement, detection) needs to be revisited due to 1Rx
· Ranking margin for re-selection (up to measurement accuracy) needs to be revisited 1Rx
· for Connected mobility,
· SSB based Cell identification/measurement delay needs to be revisited due to 1Rx
· SSB based L3 measurement accuracy requirement needs to be revisited due to 1Rx.
· for HO/Reestablishment/redirection/active TCI switching, delay requirement needs to be revisited due to 1Rx
· for SSB/CSI-RS based RLM/BFD,
· Hypothetical PDCCH transmission parameter needs to be revisited due to 1Rx.
· The SNR threshold setup in TCs need to be revisited due to 1Rx.
· for SSB/CSI-RS based CBD,
· No need to revisit evaluation period due to 1Rx. 
· The margin of L1-RSRP setup in TCs need to be revisited due to 1Rx
· for SSB/CSI-RS based L1-RSRP
· No need to revisit SSB/CSI-RS based L1-RSRP measurement delay requirement due to 1 Rx
· SSB/CSI-RS based L1-RSRP accuracy needs to be revisited due to 1Rx.
· For CSI-RS based L3 measurement, L1-SINR measurement, SFTD measurement, CGI reading, and PL-RS change, defer the discussion until sufficient progress is made in the WI. 
Proposal 3: RAN4 to discuss maximum number of DL MIMO layers and relaxed maximum modulation order in performance phase for demod.
Proposal 4: RRM DL measurement is prioritized over the UL transmission of HD-FDD for RedCap UE.
Proposal 5: Measurement gap is prioritized over the UL transmission of HD-FDD for RedCap UE, i.e., no UL transmission due to HD-FDD is allowed during MG duration.
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9.25.31 Scheduling availability of UE performing measurements in TDD bands on FR1

‘When the UE performs intra-frequency measurements in a TDD band, the following restrictions apply due to SS-RSRP
or SS-SINR measurement

- The UE is not expected to transmit PUCCH/PUSCH/SRS on SSB symbols to be measured, and on 1 data symbol
before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to
be measured within SMTC window duration. If the high layer in TS 38.331 [2] signalling of smtc2 is configured,
the SMTC periodicity follows smtc2; Otherwise SMTC periodicity follows smtcl.

‘When the UE performs intra-frequency measurements in a TDD band, the following restrictions apply due to SS-RSRQ
measurement

- The UE is not expected to transmit PUCCH/PUSCH/SRS on SSB symbols to be measured, RSSI measurement
symbols, and on 1 data symbol before each consecutive SSB to be measured/RSSI symbols and 1 data symbol
after each consecutive SSB to be measured/RSSI symbols within SMTC window duration. If the high layer
signalling of smtc2 is configured in TS 38.331 [2], the SMTC periodicity follows smtc2; Otherwise the SMTC
periodicity follows smtcl.

‘When TDD intra-band carrier aggregation is performed, the scheduling restrictions due to a given serving cell should
also apply to all other serving cells in the same band on the symbols that fully or partially overlap with the
aforementioned restricted symbols.




