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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 signaling characteristics due to reduced UE BW, reduced RX branch.
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
· 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. For the purpose of improving RedCap UE data rate experience, network may need to schedule a piece of 20MHz resource for RedCap which has lower overhead with transmitting less always-on signals (e.g. SSB and system information in the downlink). In other words, network may allocate redcap UE to a 20MHz bandwidth which does not contain SSB. 
In addition, from neighbour cell RRM measurement point of view, the target to-be-measured SSB may be not in the active BWP as well. Therefore in this case RedCap UE needs to retune RF to perform RRM measurement. RAN1 is discussing the RF retuning time and BWP operation scheme for Redcap UE. Certain enhancement on reduced RF retuning time was proposed. RAN4 can wait for the progress from RAN1.
Proposal 1: RRM Mobility measurement requirements for redcap UE can wait for the RAN1 progress, e.g., RF retuning related conclusion.
Regarding CSI-RS based RLM and BFD, the bandwidth is 48 PRBs in PDCCH transmission parameters tables (as shown as below). 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 2: Reducing the BW for CSI-RS based RLM and BFD to 24PRBs in PDCCH transmission parameters for RedCap UE @60KHz SCS. 

· Table 8.1.3.1-1: PDCCH transmission parameters for out-of-sync evaluation
	Attribute
	Value for BLER Configuration #0

	DCI format
	1-0

	Number of control OFDM symbols
	2

	Aggregation level (CCE)
	8

	Ratio of hypothetical PDCCH RE energy to average CSI-RS RE energy
	4dB

	Ratio of hypothetical PDCCH DMRS energy to average CSI-RS RE energy
	4dB

	Bandwidth (PRBs)
	48

	Sub-carrier spacing (kHz)
	SCS of the active DL BWP

	DMRS precoder granularity
	REG bundle size

	REG bundle size
	6

	CP length
	Normal

	Mapping from REG to CCE
	Distributed


Table 8.5.3.1-1: PDCCH transmission parameters for beam failure instance
	Attribute
	Value for BLER

	DCI format
	1-0

	Number of control OFDM symbols
	2

	Aggregation level (CCE)
	8

	Ratio of hypothetical PDCCH RE energy to average CSI-RS RE energy
	0dB

	Ratio of hypothetical PDCCH DMRS energy to average CSI-RS RE energy
	0dB

	Bandwidth (PRBs)
	48

	Sub-carrier spacing (kHz)
	SCS of the active DL BWP

	DMRS precoder granularity
	REG bundle size

	REG bundle size
	6

	CP length
	Normal

	Mapping from REG to CCE
	Distributed



In last RAN4 meeting, there are some preliminary discussions on how to solve the issue if the bandwidth of RLM/BFD is reduced. Certain view was to increase aggregation level (CCE) or power boosting, and other view is to re-visit the Qout/Qin threshold in test case. In our understanding, RAN4 need to first identify whether reduction of the bandwidth from 48RBs to 24RBs @60KHz has significant impact on PDCCH performance or not. If it is determined that it is indeed an issue, thereafter we would further discuss the solutions. We suggest RAN4 to carry out simulation evaluation on hypothetical PDCCH.
Proposal 3: The impacts due to reducing the BW for CSI-RS based RLM and CSI-RS based BFD to 24PRBs for 60KHz SCS in PDCCH transmission parameters need further simulation evaluation.
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 RAN4#110e meeting, the impacts due to 1 RX were identified. The simulation assumptions of RLM/BFD were approved as well. We carried out the simulation and provided simulation results in [4]. 
In R15, the below agreements on RLM test for 4RX and 2RX is captured in [5]. The agreements are derived from the simulation of hypothetical PDCCH mapping to Qout/Qin evaluation. The conclusion is that the gain from increasing from 2RX to 4RX is about 3dB, then the Qout level is increased from -10dB to -13dB. Regarding Qin, as the current Qin level is high enough, no change for 4RX on Qin level is made.
	Agreement: (from [R4-1816122])
In the test cases:
- Define Qout level for 2Rx as -10dB, for 4Rx as -13dB;
- Define Qin level for 2Rx as -1.5dB.


For RedCap UE, reduction of RX branch from 2RX to 1RX would result in reception gain degradation. In order to guarantee the compatible downlink coverage as 2RX, [3] dB power boosting or increasing CCE level can be considered for 1 RX. (It is noted that in current specification, the ratio of hypothetical PDCCH RE energy to average SSS RE energy for out-of-sync is 4dB, which already touches the upper bound of boosting.)
[image: C:\Users\h00388629\AppData\Roaming\eSpace_Desktop\UserData\h00388629\imagefiles\54E00187-B68A-4075-9160-6C7747B1E812.png]
The concrete solution shall be based on the simulation results. We think the simulation evaluations on hypothetical PDCCH parameter for RLM/BFD with 1RX are supposed to be carried out to determine proper CCE or power boosting level. We provided the corresponding simulation assumption in [6] in this meeting.
Proposal 4: For RedCap UE with 1RX, power boosting or increasing CCE level can be considered in hypothetical PDCCH parameter for RLM and BFD.
Proposal 5: Simulation evaluations on hypothetical PDCCH parameter for RLM with 1RX are supposed to be carried out to determine proper CCE or power boosting level.
In current requirements, SSB based RLM evaluation periods for FR1 and FR2 are specified separately in below tables. In non-DRX, 10 samples are needed for monitoring out-of-sync and 5 samples are needed for monitoring in-sync.
Table 8.1.2.2-1: Evaluation period TEvaluate_out_SSB and TEvaluate_in_SSB for FR1
	[bookmark: _Hlk513850563]Configuration
	TEvaluate_out_SSB (ms) 
	TEvaluate_in_SSB (ms) 

	no DRX
	Max(200, Ceil(10  P)  TSSB)
	Max(100, Ceil(5  P)  TSSB)

	DRX cycle≤320ms
	Max(200, Ceil(15  P)  Max(TDRX,TSSB))
	Max(100, Ceil(7.5  P)  Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10  P)  TDRX
	Ceil(5  P)  TDRX

	NOTE:	TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.



Table 8.1.2.2-2: Evaluation period TEvaluate_out_SSB and TEvaluate_in_SSB for FR2
	[bookmark: _Hlk513850590]Configuration
	TEvaluate_out_SSB (ms) 
	TEvaluate_in_SSB (ms) 

	no DRX
	Max(200, Ceil(10  P  N)  TSSB)
	Max(100, Ceil(5  P  N)  TSSB)

	DRX cycle≤320ms
	Max(200, Ceil(15  P  N)  Max(TDRX,TSSB))
	Max(100, Ceil(7.5  P  N)  Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10  P  N)  TDRX
	Ceil(5  P  N)  TDRX

	NOTE:	TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.



In TS38.133, CSI-RS based RLM evaluation periods for FR1 and FR2 are duplicated separately in below tables where Mout = 20 and Min = 10.
Table 8.1.3.2-1: Evaluation period TEvaluate_out_CSI-RS and TEvaluate_in_CSI-RS for FR1
	Configuration
	TEvaluate_out_CSI-RS (ms) 
	TEvaluate_in_CSI-RS (ms) 

	no DRX
	Max(200, Ceil(Mout×P)×TCSI-RS)
	Max(100, Ceil(Min×P) × TCSI-RS)

	DRX ≤ 320ms
	Max(200, Ceil(1.5×Mout×P)× Max(TDRX, TCSI-RS))
	Max(100, Ceil(1.5×Min×P)× Max(TDRX, TCSI-RS))

	DRX > 320ms
	Ceil(Mout×P) × TDRX
	Ceil(Min×P) × TDRX

	NOTE:	TCSI-RS is the periodicity of the CSI-RS resource configured for RLM. The requirements in this table apply for TCSI-RS equal to 5 ms, 10ms, 20 ms or 40 ms. TDRX is the DRX cycle length.



Table 8.1.3.2-2: Evaluation period TEvaluate_out_CSI-RS and TEvaluate_in_CSI-RS for FR2
	Configuration
	TEvaluate_out_CSI-RS (ms) 
	TEvaluate_in_CSI-RS (ms) 

	no DRX
	Max(200, Ceil(Mout×P×N)×TCSI-RS)
	Max(100, Ceil(Min×P×N) × TCSI-RS)

	DRX ≤ 320ms
	Max(200, Ceil(1.5×Mout×P×N)× Max(TDRX, TCSI-RS))
	Max(100, Ceil(1.5×Min×P×N)× Max(TDRX, TCSI-RS))

	DRX > 320ms
	Ceil(Mout×P×N) × TDRX
	Ceil(Min×P×N) × TDRX

	NOTE:	TCSI-RS is the periodicity of the CSI-RS resource configured for RLM. The requirements in this table apply for TCSI-RS equal to 5 ms, 10 ms, 20 ms or 40 ms. TDRX is the DRX cycle length.



When defining out-of-sync evaluation period for RLM in R15 (considering 2RX), we observe Qout around side condition -10dB. For 1RX RedCap UE, through increasing CCE or power boosting, Qout for 1RX can be kept at -10dB as well. From the simulation results in [4], there are some observations for SSB based out-of-sync evaluation period:
· It is up to 1 dB delta-SINR difference between 2RX@ -10dB and 1RX@ -10dB with 10 sample numbers;
· For SSB based RLM, delta-SINR for (1RX @ -10dB, 20 samples) is comparable to that for (2RX@ -10dB, 10 samples).

Proposal 6: For RedCap UE with 1RX, sample number in SSB based RLM OOS evaluation period can be increased from 10 to 20.
From the simulation results in [4], there are some observations for CSI-RS based RLM out-of-sync evaluation period:
· delta-SINR difference between 2RX@ -10dB and 1RX@ -10dB with same sample numbers is within 0.5dB. As the legacy sample number for CSI-RS based out-of-sync is 20 samples, the accuracy gain derived from further increasing sample numbers is insignificant.
Therefore legacy CSI-RS based RLM out-of-sync evaluation period (i.e., 20) can be reused for 1 RX Redcap.
Proposal 7: Legacy CSI-RS based RLM out-of-sync evaluation period (i.e., 20 samples) can be reused for 1 RX Redcap.
In R15 for 2RX we observe Qin-sync around side condition -1.5dB. According to SSB based and CSI-RS based RLM simulation results, delta-SINR accuracy for 1RX is comparable to that for 2RX under high side condition(-1.5dB) for various sample numbers in L1 evaluation period, e.g., 10, 20, 40. Therefore In-sync evaluation sample number can be kept unchanged.
Proposal 8: Legacy SSB and CSI-RS based RLM In-sync evaluation period can be reused for 1 RX Redcap.
The legacy evaluation period for SSB based and CSI-RS based BFD are specified as below. The sample numbers are in yellow highlight. For CSI-RS based BFD, MBFD = 10.
Table 8.5.2.2-1: Evaluation period TEvaluate_BFD_SSB for FR1
	Configuration
	TEvaluate_BFD_SSB (ms) 

	no DRX
	Max(50, Ceil(5  P)  TSSB)

	DRX cycle ≤ 320ms
	Max(50, Ceil(7.5  P)  Max(TDRX,TSSB))

	DRX cycle > 320ms
	Ceil(5  P)  TDRX

	Note:	TSSB is the periodicity of SSB in the set [image: ]. TDRX is the DRX cycle length.



Table 8.5.2.2-2: Evaluation period TEvaluate_BFD_SSB for FR2
	Configuration
	TEvaluate_BFD_SSB (ms) 

	no DRX
	Max(50, Ceil(5  P  N)  TSSB)

	DRX cycle ≤ 320ms
	Max(50, Ceil(7.5  P  N)  Max(TDRX,TSSB))

	DRX cycle > 320ms
	Ceil(5  P  N)  TDRX

	Note:	TSSB is the periodicity of SSB in the set [image: ]. TDRX is the DRX cycle length.


Table 8.5.3.2-1: Evaluation period TEvaluate_BFD_CSI-RS for FR1
	Configuration
	TEvaluate_BFD_CSI-RS (ms) 

	no DRX
	Max(50, [MBFD  P  PBFD]  TCSI-RS)

	DRX cycle ≤ 320ms
	Max(50, [1.5 × MBFD  P  PBFD]  Max(TDRX, TCSI-RS))

	DRX cycle > 320ms
	[MBFD  P  PBFD]  TDRX

	Note:	TCSI-RS is the periodicity of CSI-RS resource in the set [image: ]. TDRX is the DRX cycle length.



Table 8.5.3.2-2: Evaluation period TEvaluate_BFD_CSI-RS for FR2
	Configuration
	TEvaluate_BFD_CSI-RS (ms) 

	no DRX
	Max(50, [MBFD  P  N  PBFD]  TCSI-RS)

	DRX cycle ≤ 320ms
	Max(50, [1.5 × MBFD  P  N  PBFD]  Max(TDRX, TCSI-RS))

	DRX cycle > 320ms
	[MBFD  P  N  PBFD]  TDRX

	Note:	TCSI-RS is the periodicity of CSI-RS resource in the set [image: ]. TDRX is the DRX cycle length.



Regarding BFD, during defining out-of-sync evaluation period for BFD in R15 (considering 2RX), Qout is observed around side condition -6dB. From the simulation results in [4], there are some observations:
· for SSB based BFD evaluation 
· It is up to 0.5 dB delta-SINR difference between 2RX@ -6dB and 1RX@ -6dB with 5 sample numbers;
· The delta-SINR accuracy for 1RX@ -6dB can already satisfy the L1-SINR accuracy.
· for CSI-RS based BFD evaluation
· It is up to 0.5 dB delta-SINR difference between 2RX@ -6dB and 1RX@ -6dB with 10 sample numbers;
· The delta-SINR accuracy for 1RX@ -6dB can already satisfy the L1-SINR accuracy.
Therefore the BFD evaluation sample number for both SSB and CSI-RS based BFD can be kept unchanged.
Proposal 9: Legacy SSB and CSI-RS based BFD evaluation period can be reused for 1 RX Redcap.
Conclusions
This contribution provides analysis on the signaling characteristics due to complexity reduction for RedCap UE. The following proposals are provided:
Proposal 1: RRM Mobility measurement requirements for redcap UE can wait for the RAN1 progress, e.g., RF retuning related conclusion.
Proposal 2: Reducing the BW for CSI-RS based RLM and BFD to 24PRBs in PDCCH transmission parameters for RedCap UE @60KHz SCS. 
Proposal 3: The impacts due to reducing the BW for CSI-RS based RLM and CSI-RS based BFD to 24PRBs for 60KHz SCS in PDCCH transmission parameters need further simulation evaluation.
Proposal 4: For RedCap UE with 1RX, power boosting or increasing CCE level can be considered in hypothetical PDCCH parameter for RLM and BFD.
Proposal 5: Simulation evaluations on hypothetical PDCCH parameter for RLM with 1RX are supposed to be carried out to determine proper CCE or power boosting level.
Proposal 6: For RedCap UE with 1RX, sample number in SSB based RLM OOS evaluation period can be increased from 10 to 20.
Proposal 7: Legacy CSI-RS based RLM out-of-sync evaluation period (i.e., 20 samples) can be reused for 1 RX Redcap.
Proposal 8: Legacy SSB and CSI-RS based RLM In-sync evaluation period can be reused for 1 RX Redcap.
Proposal 9: Legacy SSB and CSI-RS based BFD evaluation period can be reused for 1 RX Redcap.
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Table 6.3.2.2-1: RE power control dynamic range.

Modulation scheme used.

RE power control dynamic range (dB)

g
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= QPSK (PDCCH). 6. +4.
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= 16QAM (PDSCH) 3 +3
= 64QAM (PDSCH) 0 0
= 256QAM (PDSCH) 0. 0.

NOTE:  The output power per carrier shall always be less or equal to

the maximum output power of the base station.-
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