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Introduction
The revised WID on support of reduced capability (RedCap) NR devices has been approved in [1]. RAN4 has started work on the support of RedCap NR devices, where the related study item has been concluded in TR 38.875. The WID has the following objectives on UE complexity reduction: 
	· 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.)



It is concluded in RAN#100e meeting that there is no RRM impact due to Maximum number of DL MIMO layers and Relaxed maximum modulation order [2]. This contribution further provides analysis on the measurement requirements due to reduced UE BW, reduced RX branch and HD-FDD.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]UE bandwidth reduction
In RAN1, the maximum UE bandwidth reduction schemes and related issues were discussed for RedCap for several meeting cycles. The following working assumptions and agreements were made:
	
Agreements: Replace the RAN1#104bis-e working assumption with the following working assumption (for option 1) and working assumption (for option 2):
· Working assumption: After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 1 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
· Working assumption: After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 2 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap E bandwidth.

Agreements:
· Both during and after initial access, the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the maximum RedCap UE bandwidth is allowed.
· Working assumption: Both during and after initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· FFS: whether/how to avoid or minimize PUSCH resource fragmentation due to PUCCH transmission for the above case
· Support the case when the centre frequency is assumed to be the same for the initial DL and UL BWPs in TDD. 
· FFS whether or not to additionally support the case when the centre frequency is different; if so, how to minimize centre frequency retuning  

Agreements: Take the following as an agreement, revised from the RAN1#104bis-e working assumption:
· A RedCap UE cannot be configured with a non-initial (DL or UL) BWP (i.e., a BWP with a non-zero index) wider than the maximum bandwidth of the RedCap UE.
· At least for FR1, FG 6-1 (“Basic BWP operation with restriction” as described in TR 38.822) is used as a starting point for the mandatory RedCap UE type capability.
· This does not preclude support of FG 6-1a (“BWP operation without restriction on BW of BWP(s)” as described in TR 38.822) as a UE capability for RedCap UEs.

Working assumption:
· Both during and after initial access, even for the scenario where the initial UL BWP for non-RedCap UEs is not configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP can optionally be configured/defined for RedCap UEs.
· RO sharing between RedCap and non-RedCap is not precluded.

Working assumption:
· For enabling/supporting that the RACH occasion (RO) associated with the best SSB falls within the RedCap UE bandwidth, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth), and this separate initial UL BWP for RedCap includes ROs for RedCap UEs.
· Note: these ROs can be dedicated for RedCap UEs or shared with non-RedCap UEs.

Working assumption:
· For enabling/supporting that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth).
· FFS: whether/how the specification also supports separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation of the same configuration/indication for RedCap (e.g., disabled frequency hopping or different frequency hopping)

Working assumption:
· At least for TDD, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access
· FFS the details of the configuration/definition
· The configuration for a separately configured initial DL BWP for RedCap UEs is signaled in SIB.
· whether to support that separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s) 
· whether part of the configuration can be defined instead of signaled
· If a separate initial DL BWP for RedCap UEs is configured/defined, this separate initial DL BWP for RedCap UEs can be used at least after initial access (i.e., at least after RRC Setup, RRC Resume, or RRC Reestablishment).
· FFS during the initial access
· FFS: whether a separately configured initial DL BWP for RedCap UEs needs to contain the entire CORESET #0, and, if not, the Redcap UE behaviour for CORESET #0 monitoring
· FFS: supported bandwidths in the separate initial DL BWP
· FFS: whether additional SSB is transmitted in the separately configured initial DL BWP for RedCap UEs
· [bookmark: _GoBack]FFS: FDD case
 




As agreed in the latest WID [1], 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. 
Regarding CSI-RS based L1-RSRP measurement, in current requirements, CSI-RS bandwidth 48RBs with density 3 is assumed for defining CSI-RS based L1-RSRP accuracy. 48RBs@ SCS 60kHz equals 34.56MHz (60*12*48kHz) which exceeds Redcap UE maximum BW in FR1. As 60kHz SCS is one configuration for FR1 RedCap UE, if there is no strong justification to preclude 60kHz, the conservative way is to keep it. Therefore it is reasonable to reduce BW in PDCCH transmission parameter to 24RBs. 
Proposal 1: Reducing the BW for CSI-RS based L1-RSRP to 24PRBs for 60kHz SCS. 
When BW is reduced from 48RBs to 24RBs for 60KHz, the impact on L1-RSRP accuracy are provided in Table 1, where 2Rx and 1 sample are assumed for CSI-RS based L1-RSRP.
Table 1: L1-RSRP based CSI-RS, SCS = 60kHz
	Channel
	Sample Number
	SINR
	24 RBs
	48 RBs

	
	
	
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	1
	-3dB
	-1.61
	-0.11
	1.06
	-1.10
	-0.05
	0.81

	
	
	-2dB
	-1.35
	-0.13
	1.23
	-0.93
	-0.07
	0.70

	
	
	-1dB
	-1.19
	-0.10
	1.10
	-0.77
	-0.07
	0.65

	
	
	0dB
	-1.08
	-0.09
	0.98
	-0.71
	-0.05
	0.54

	TDL-A 30ns
	1
	-3dB
	-1.96
	-0.11
	1.21
	-1.36
	-0.08
	1.01

	
	
	-2dB
	-1.66
	-0.10
	1.08
	-1.10
	-0.05
	0.88

	
	
	-1dB
	-1.37
	-0.09
	0.97
	-1.01
	-0.05
	0.72

	
	
	0dB
	-1.26
	-0.11
	0.81
	-0.80
	-0.05
	0.65



Based on the above simulation results, under side condition -3dB, L1-RSRP accuracy for 24RBs needs to be relaxed by 1dB.
Proposal 2: L1-RSRP accuracy @ 60Khz SCS needs to be relaxed by 1dB, when CSI-RS BW is reduced from 48RBs to 24RBs.
Reduced number of UE Rx branches
It is agreed in the approved way forward in RAN4#99e meeting [3] that 
	· RRM requirements are developed for both 1 Rx and 2Rx for each duplex mode (FD-FDD, HD-FDD type A and TDD).



In R15 NR, the typical antenna configuration is 2 Rx. RedCap UE with 2RX shall reuse the existing NR measurement requirements. 
In RAN4#110e meeting, the impacts due to 1 RX were identified. The simulation assumptions of cell detection, L3 measurement, L1 RSRP measurement and PBCH detection were approved as well. We carried out the simulation and provided simulation results in [4]. 
· SSB based RRM measurement
As per the definition of SS-RSRP, the measurement result is derived from the maximum value of each individual receiver branch. The existing measurement accuracy is defined based on 2Rx. For the RedCap UE with 1Rx, the receive diversity gain is vanished compared with 2Rx. 
According to the simulation results in [4], the following observations are presented:
-When sample number is 5, the measurement accuracy for 1RX is about 0.5dB degradation compared with 2RX;
- The gain achieved by increasing sample number is not outstanding. It can be observed that when sample number increase from 7 samples to 8 samples, the accuracy improvement is quite small. The measurement accuracy for 1Rx with 8 sample numbers is still worse than the measurement accuracy for 2Rx with 5 sample numbers. 
Therefore we suggest to relax the RRM measurement accuracy for 1RX rather than increasing the measurement delay. At least 0.5dB relaxation is expected.
Proposal 3: For RedCap UE with 1RX, RRM measurement period can be unchanged and RRM measurement accuracy is relaxed by 0.5dB. 
· Cell detection
Based on the simulation results for PSS/SSS detection in [4], it is straight forward observed that more samples for cell detection are needed for RedCap UE with 1RX compared with the 2RX when side condition is -6dB. In current requirements (considering 2RX), 5 sample numbers are specified for FR1 intra-frequency PSS/SSS detection. For 1RX, at least 6 samples are needed for FR1. For FR2 scaling factor for Rx sweeping shall be scaled accordingly.
Proposal 4: For intra-frequency PSS/SSS detection for RedCap UE with 1RX, at least 6 samples are needed for FR1.
· PBCH
In current requirements (considering 2RX), in FR1, to acquire time index UE needs to perform DMRS matching, then 3 sample numbers are specified. In FR2 (for inter-frequency measurement), to acquire time index needs to perform DMRS matching and PBCH reading, then 5 sample numbers are specified. Based on the simulation results for PBCH decoding in [4], it is observed that more samples are needed for RedCap UE with 1RX compared with the 2RX when side condition is -6dB:
· 6 samples are needed in FR1;
· 11 samples (without considering scaling factor due to RX sweeping) are needed in FR2.

Proposal 5: For time index acquisition for RedCap UE with 1RX,
· 6 samples are needed in FR1;
· 11 samples (without considering scaling factor due to RX sweeping) are needed in FR2 (for inter-frequency measurement).
· 
· L1-RSRP measurement
Based on the L1-RSRP measurement accuracy in [4], when side condition is -3dB and L1 physical sample is 1, the measurement accuracy with 1RX is 2dB worse than that of 2 Rx for both FR1 and FR2. The same observation is applicable for both SSB based and CSI-RS based L1-RSRP measurement.
As per the same logic as L3 RSRP measurement, measurement period of L1-RSRP remain unchanged.
Proposal 6: For RedCap UE with 1RX, SSB based and CSI-RS based L1-RSRP measurement period can be unchanged and measurement accuracy can be relaxed by 2dB for both FR1 and FR2.
Duplex operation 
In LTE, in order to save power consumption, the measurement periods are prolonged for category 0 UE with FDD, TDD and HD-FDD due to power saving. Besides, some clarifications on the available subframes are made for HD-FDD in TS 36.133. In other words, the measurement period extension for LTE category 0 UE is not because of half-duplex.
	-	at least downlink subframe # 0 or downlink subframe # 5 per radio frame of an intra-frequency cell to be identified by the UE is available at the UE over Tidentify_intra_UE cat 0;
-	at least one downlink subframe per radio frame of measured cell is available at the UE for RSRP and RSRQ measurements  assuming measured cell is identified cell over Tmeasure_intra_UE cat 0.


Therefore for RedCap UE with HD-FDD, we don’t think measurement period is expected to be extended purely due to HD-FDD. If RAN4 would like to further reduce power consumption for RedCap UE, it belongs to another separate WI objective: RRM relaxation.  However some clarifications on the available samples, like LTE, can be made for HD-FDD RedCap UE.
Proposal 7: Measurement period relaxation purely due to HD-FDD is not considered and some clarification on available samples can be made. 
It is agreed in RAN4#99e [2],
	· RRM requirements are developed for all three duplex modes, i.e. FD-FDD, HD-FDD type A and TDD in Release 17 RedCap.


FD-FDD and TDD are already considered in NR R15. For HD-FDD operation for RedCap UEs, collisions may happen between configured SSB and configured uplink transmission. This issue is under discussion in RAN1, however no conclusion is reached so far. 
	Agreements:
· For HD-FDD operation for RedCap UEs, collisions may be addressed or alleviated with proper scheduling. The following cases of potential collisions can be further studied to see if any change to the current specs is necessary:
· Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
· e.g., dynamic PDSCH or CSI-RS collides with configured SRS, PUCCH, or CG PUSCH
· Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
· e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
· Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission
· e.g., PUSCH, PUCCH, PRACH, SRS
· Case 8: Dynamic or semi-static DL vs. valid RO
· Case 9: Collision due to direction switching




In RAN1#106e meeting, the following progress are made,
	Agreement
· For Case 5 of SSB overlaps with configured UL transmission, the configured UL transmission includes PUCCH transmission configured by higher layers
· Note: The UL transmission indicated by DCI is supposed to be dynamic UL transmission.
Agreement
· 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



It shall be noted that in RAN1 discussion the SSB refers to the SSB in serving cell. However from RRM point of view, measurements are based on SMTC which is configured per frequency layer.  It is suggested to further clarify the priority of SMTC and uplink transmission for RedCap UE with HD-FDD.
Proposal 8: It is suggested to further clarify the priority of SMTC and uplink transmission for RedCap UE with HD-FDD.
Conclusions
This contribution provides analysis on the RRM impact due to complexity reduction for RedCap UE. The following proposals are provided:
Proposal 1: Reducing the BW for CSI-RS based L1-RSRP to 24PRBs for 60kHz SCS. 
Proposal 2: L1-RSRP accuracy @ 60Khz SCS needs to be relaxed by 1Db, when CSI-RS BW is reduced from 48RBs to 24RBs.
Proposal 3: For RedCap UE with 1RX, RRM measurement period can be unchanged and RRM measurement accuracy is relaxed by 0.5dB. 
Proposal 4: For intra-frequency PSS/SSS detection for RedCap UE with 1RX, at least 6 samples are needed for FR1.
Proposal 5: For time index acquisition for RedCap UE with 1RX,
· 6 samples are needed in FR1;
· 11 samples (without considering scaling factor due to RX sweeping) are needed in FR2 (for inter-frequency measurement).
Proposal 6: For RedCap UE with 1RX, SSB based and CSI-RS based L1-RSRP measurement period can be unchanged and measurement accuracy can be relaxed by 2dB for both FR1 and FR2.
Proposal 7: Measurement period relaxation purely due to HD-FDD is not considered and some clarification on available samples can be made. 
Proposal 8: It is suggested to further clarify the priority of SMTC and uplink transmission for RedCap UE with HD-FDD.
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